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ABSTRACT
Introduction: Musculoskeletal tumors are rare group of disorders. To reach a diagnosis
requires detailed medical history, physical examination, radiological investigations and
histopathological correlation. Intra operative consultation plays an important role in the
management of soft tissue tumors. However, there is a considerable lack of literature
evaluating the diagnostic accuracy of frozen sections in musculoskeletal tumors. This
study is aimed because no local data is available on the accuracy of frozen section in
musculoskeletal tumors and frozen section allows intraoperative diagnosis.
Objective: To evaluate the diagnostic accuracy of intra-operative frozen sections for
musculoskeletal tumors i.e, bone and soft tissue benign and malignant.
Study Design: Descriptive cross sectional study.
Setting: Section of Orthopaedic, Department of Surgery, The Aga Khan University Hospital.
Duration of Study: From 12th October 2018 to 5th August to 2019.
Materials and Methods: A cross sectional descriptive study was designed to evaluate
the Diagnostic accuracy of frozen section in musculoskeletal tumors at a tertiary care
hospital, Karachi. All the patients meeting the inclusion criteria were enrolled in the
study and sensitivity, specificity, PPV, NPV and diagnostic accuracy were calculated
for frozen section keeping permanent section as gold standard.
Results: Of the total 88 patient 48 (54.54%) were male and 40 (45.45%) were female.
Mean age was 30.75 years (5–80 years). 63(71.59%) patients have bone tumors while
25(28.40%) have soft tissue tumors. 50(56.81%) patients have tumour involving lower
extremity, 23(26.13%) have upper extremity tumors and 15 (17.04%) have tumour
involving pelvis.
Overall sensitivity of frozen section for benign and malignant tumour of bone and soft
tissue was 96.66%, specificity was 100%, positive predictive value 100%, and negative
predictive value 93.33% and accuracy was 97.72%.
Conclusion: Frozen section serves as an invaluable and accurate tool in the intrao
perative evaluation of musculoskeletal tumors. A diagnosis of musculoskeletal tumor
by the frozen section method is highly reliable.
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INTRODUCTION
Musculoskeletal tumors are rare group of disorder and
must be kept in the differential diagnosis in patients
with suspected symptoms. To reach a diagnosis requires
detailed medical history, physical examination, radiologic
investigations and histopathological correlation.
Management of musculoskeletal tumors of the
extremities, especially the malignant ones, poses serious
challenges to the clinicians. Etiology of musculoskeletal
tumors is multifactorial. Predisposing factors include
genetic mutations, trauma, infections, and irradiation.
Some benign musculoskeletal tumors may progress
to malignant tumors [1, 2]. An accurate record of the
prevalence of musculoskeletal extremity tumors is difficult
to obtain in Pakistan, because many of these patients may
not present in the hospital, some that present in remote
hospitals may not have proper diagnosis due to either
lack of expertise or inadequate equipments, and even for
those who have a proper diagnosis, proper record keeping
may be a challenge. There is little doubt that diagnosing
musculoskeletal tumors is far from straightforward [3].
There are few musculoskeletal lesions that can be
diagnosed confidently based on imaging features alone.
Even if a lesion is likely to bee a particular entity (e.g., metas
tasis in a patient with innumerable osseous lesions and a
known primary malignancy), the implications for treatment
are such that a definitive diagnosis is usually required. In
these situations, biopsy of the suspicious lesion is warranted.
Lesions that clinically and radiologically appear benign
do not necessarily demand a biopsy. Some lesions that
are benign radiologically appear aggressive or malignant
histologically and potentially lead to overtreatment [4, 5].
The most common indications for biopsy of a bone or
soft tissue lesion are to evaluate for neoplasm or infection.
The consequences of an unsuccessful biopsy range from
a delay in diagnosis to departure from the optimum
treatment plan, including unnecessary amputation and
worsening of prognosis and survival [6, 7].
Role of intra-operative frozen sections has been
extensively studied for various cancers including gyne
cologic, prostate and head and neck malignancies [8,
9]. However, there is considerable lack of literature
evaluating the diagnostic accuracy of frozen sections in
musculoskeletal tumors.
The process of frozen section reporting includes gather
ing of radiological and clinical data, taking tissue intraoperatively by surgeon experienced in musculoskeletal
tumour surgeries, rapid preparation of slides, staining
and finally microscopic examination and analysis of the
specimen [10]. An overall diagnostic accuracy of frozen
sections has been shown to vary from 89 to 98% for
various tissue types, however bone and soft tissue tumors
still pose a major challenge owing to their rare incidence
rate and therefore limited exposure of pathologists to
these tumors [10].
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During surgical resection of tumors, intra-operative
frozen section consultation is useful for obtaining
an adequate specimen for diagnosis as well as for
evaluating tumour extent and margin status, hence
guiding a surgeon to achieve disease free margins [10].
Thus, significantly reduces the chances of postoperative
positive margins and primary recurrence of tumors
[9, 11, 12]. However, results of frozen sections are
not 100% accurate and false negative results may still
lead to positive margins and tumour recurrence [8, 9].
Sensitivity of frozen section is 88.2%, specificity 94.7%
and diagnostic accuracy 90.2% [13].
This study is aimed because no local data is available
on the accuracy of frozen section in musculoskeletal
tumors and frozen section allows intraoperative diagnosis
which help to save patient’s and surgeon’s time compared
to permanent section which takes two weeks time. If
diagnostic accuracy is proved to be high by the study,
frozen section can be used as useful diagnostic tool in
future for the diagnosis of musculoskeletal tumors.

OBJECTIVE
To evaluate the diagnostic accuracy of intra-operative
frozen sections for musculoskeletal tumors i.e, bone
and soft tissue benign and malignant tumors keeping
histopathology of permanent section as gold standard.

OPERATIONAL DEFINITIONS
Frozen Section
If the following characteristic features of tumors seen
on frozen section, the results will be positive for benign
tumors on frozen section; and if these features are not
seen the result will be labeled as negative.

Permanent Section
If the following characteristic features of tumors seen on
permanent section, the results will be positive for benign
tumors on permanent section; and if these features are
not seen the result will be labeled as negative.
True Positive:	Positive result on both frozen section
and permanent section.
True Negative:	Negative result on both frozen section
and permanent section.
False Positive:	Positive on frozen section and negative
on permanent section.
False Negative:	Negative on frozen section and positive
on permanent section.
Sensitivity:	
Proportion of true positives that are
correctly identified by the test Formula:
Number of true positive/ × 100
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	Number of positive + number of false
negative
Specificity:	Proportion of true negatives that are
correctly identified by the test [14].
Formula:	Number of true negative/ × 100
	Number of true negative + number of
false positive
Accuracy:
True positive + true negative/ × 100
	True positive + true negative + false
positive + false negative
Tumour type:
Bone, soft tissue
Tumour location:	Upper extremity, lower extremity, pelvis

MATERIAL AND METHODS
STUDY DESIGN
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Frozen section and permanent sections were reviewed
from the electronic database (HIMS). Final accuracy of
frozen section was determined by comparing the results
of frozen section with permanent section results.
Patient’s confidentiality will be maintained and data
will be stored in password protected computer with
principle investigator.

DATA ANALYSIS PROCEDURE
Data was entered and analyzed into SPSS version-21.
Descriptive statistics was calculated. Mean ± SD was
calculated for age of the patients. Frequency and
percentage were calculated for gender, site, location,
diagnosis of frozen section and histopathology
respectively. Effect confounder like age, gender, site,
location, site were addressed through stratification
and post stratification and a 2*2 table was constructed
between frozen section and histopathology to calculate
sensitivity, specificity, PPV, NPV and overall diagnostic
accuracy.

Descriptive cross sectional study.

SAMPLE SIZE
SETTING
Section of Orthopaedic, Department of Surgery, The Aga
Khan University Hospital.

DURATION OF STUDY
From 12th October 2018 to 5th August to 2019.

SAMPLING TECHNIQUE
Non probability consecutive sampling whereby all patients
fulfilling the inclusion criteria were recruited consecutively
until the required sample size was reached.

SAMPLE SELECTION

Sample size will be calculated by open resource
diagnostics calculator:
Following were the mathematical calculations
Sensitivity = 88.2% [15]
Specificity = 94.7% [15]
Prevalence = 65.2% [15]
Desired Precision = 7%
Confidence interval = 95%
The sample came out for sensitivity = 88 & for specificity
= 80. So finally we will recruit larger sample size i.e. n = 88
for sake of statistical significance.

Inclusion Criteria:
All patients of age under 5 to 80 years including
male and female who will undergo surgical
resection of bone and soft tissue tumors at The
Aga Khan University Hospital, Karachi, in which
frozen section specimens as well as permanent
section specimen will be sent for evaluation.
Exclusion Criteria:
Patients with metastatic disease or those who
undergo surgery with palliative intent.

DATA COLLECTION PROCEDURE
After ERC approval, patients meeting the inclusion criteria
enrolled by using the Performa (Appendix-I).
All surgeries performed by experienced surgeons
specialized in musculoskeletal tumour resection. Demo
graphic characteristics recorded from hospital information
management system (HIMS).

RESULTS
Of the total 88 patient 48 (54.54%) were male and
40(45.45%) were female (Table 1). Mean age was 30.75
± 21.1 years (5–80 years). 63(71.59%) patients have
bone tumour while 25(28.40%) have soft tissue tumors
(Table 1). 50(56.81%) patients have tumors involving
lower extremity, 23(26.13%) have upper extremity
tumors and 15(17.04%) have tumors involving pelvis
(Table 1).
Overall sensitivity of frozen section for benign and
malignant tumors of bone and soft tissue was 96.66%,
specificity was 100%, positive predictive value 100%,
and negative predictive value 93.33% and accuracy was
97.72% (Table 2). The effect modifiers were also analyzed
via regression which showed no significance for age,
gender and side of tumors (Tables 3, 4 and 6). However
significant positive diagnostic accuracy was found in
tumors located in pelvis (p = 0.08) (Table 5).
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GENDER
NO(%AGE)
Male
40(45.45%)

Female
48(54.54%)

TUMOUR TISSUE TYPE
NO(%AGE)

SITE OF TUMOUR
NO(%AGE)

Soft tissue
25(28.4%)

Upper extremity
23(26)

Bone
63(71.6%)

Lower Extremity
50(57%)

Table 1 Gender, tissue type and site of tumour distribution.

FROZEN
SECTION

PERMANENT SECTION

TOTAL

TUMOUR POSITIVE

TUMOUR NEGATIVE

Tumour positive

58

0

58

Tumour negative

2

28

30

Total

60

28

88

Table 2 2*2 table between permanent section and frozen section.
Sensitivity: 96.66%
Specificity: 100%
Positive predictive value: 100%
Negative predictive value: 93.333%
Accuracy: 97.72%

GENDER

Male

Female

FROZEN SECTION

PERMANENT SECTION

TOTAL

P-VALUE

0.00

POSITIVE

NEGATIVE

positive

29

0

29

negative

2

17

19

positive

29

0

29

negative

0

11

11

0.00

Table 3 Co-relation of gender and histopathology via frozen section and permanent section.

SITE

Right

Left

FROZEN SECTION

PERMANENT SECTION

TOTAL

P-VALUE

0.00

POSITIVE

NEGATIVE

positive

31

0

31

negative

1

12

13

positive

27

0

27

negative

1

16

17

0.00

Table 4 Corelation of side of limb involved and histopathology via frozen section and permanent section.

LOCATION

Upper limb

Lower limb

Pelvis

FROZEN SECTION

PERMANENT SECTION

TOTAL

P-VALUE

0.00

POSITIVE

NEGATIVE

Positive

16

0

16

Negative

0

12

12

Positive

34

0

34

Negatve

2

13

15

Positive

8

0

8

Negative

0

3

3

Table 5 Co-relation of Location and histopathology via frozen section and permanent section.

0.00

0.08

Pelvis
15(17%)
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AGE

<18 years

>18 years

FROZEN SECTION

PERMANENT SECTION

TOTAL

P-VALUE

0.00

POSITIVE

NEGATIVE

Positive

20

0

20

Negative

0

12

12

Positive

38

0

38

Negative

2

16

18

0.00

Table 6 Co-relation of age and histopathology via frozen section and permanent section.

DISCUSSION
The interest of the orthopedic surgeon in the review of
any musculoskeletal pathology is to identify the presence
of malignancy or its absence, no matter how occult it
may be and offers the patient the best possible treatment
to cure, halt disease progression, or improve the quality
of life. Musculoskeletal malignancy is one of major cause
of death.
Histopathology plays an integral role in the multidisci
plinary approach of treating patients with sarcoma,
the accuracy of which has important therapeutic
implications. Intraoperative frozen section consultation
is particularly challenging. Indications for frozen section
include making a diagnosis, evaluating margin status,
determining tumor extent/spread, and obtaining an
adequate sample for diagnosis. Few studies have been
performed evaluating the role of frozen section in the
diagnosis of musculoskeletal tumors. Among several
larger studies, bone and soft tissue lesions constitute a
small percentage of the total lesions studied.
Frozen section, being an intraoperative tool to help the
surgeon make crucial decisions, should be reliable enough
to avoid under- or over-diagnosis and subsequently
inappropriate intervention. On table, a broad categorization
into benign and malignant tumors is possible, thus helping
the surgeon to decide on the extent of resection [16].
The overall accuracy was 97.72%, sensitivity 96.66%,
specificity 100%, positive predictive value 100% and
negative predictive value was 93.33% in this study. The
low false-positive rate observed in this study indicates
the reliability of frozen section in diagnosing malignant
tumors accurately. Bhaker et al. report sensitivity of
88.2%, specificity of 94.7% in his study on 52 patients.
Holaday and Assor [17] (reported 581 cases of bone and
soft tissue frozen sections (5.8% of total cases) with
96% diagnostic accuracy. Shah et al. [18] reported that
a specific diagnosis was made by frozen section in 85.9%
cases with an overall diagnostic accuracy of 90.1% (82 of
91 cases). Histopathological diagnosis on routine paraffin
section is used as the gold standard. A possibility in
explaining why our results differ from prior investigations
is that the technical expertise of our institution is robust
and the volume of frozen section practice is large [19].
As a result, several tissue sections per specimen are

examined within a relatively short time on a day-to-day
basis, leading to progressive refinement of frozen section
results. We do recognize that the reliability of the frozen
section may be less in smaller practices. In our study the
sensitivity and specificity for diagnosing bone tumors is
100%. A study by Eréndira G.et al report 100% sensitivity
and 91% specificity in diagnosing bone tumors while
report 100% sensitivity and specificity in ruling out
malignancy [20].
Bone and soft tissue tumors present a greater
challenge. Sarcomas are relatively rare compared to
carcinomas. In most community hospital settings
pathology services have limited exposure to bone and
soft tissue tumors. Not all bone and soft tissue specimens
are suitable for frozen section due to, for example, their
bone and/or fatty components [10]. There were two
discordant cases in our study. The first case was soft
tissue tumour that was reported as lymphoid tissue on
frozen section while paraffin stained sections reported as
Hemangioma. Hemangioma in association with lymphoid
tissue is a rare presentation of Hemangioma in which
vascular lesion composed of vessels of varying caliber
and lymphoid aggregate can be seen [21, 22]. The reason
for this discordant is that in frozen section a small part of
tissue is taken which is from the part of tumor containing
lymphoid tissue only missing the component containing
vessels. The other discordant case was a soft tissue
tumour that was reported as mature fat cells on frozen
section while paraffin stained section report it as atypical
lipomatous tumour. Histologically atypical lipomatous
tumour is formed by proliferation of relatively mature
adipocytes consisting of mature fat cells and fibrous
connective tissue. The immunohistochemical expression
of p16, MDM2, and CDK4 is useful for distinguishing
atypical lipomatous tumour from other lipomatous
tumour [23]. For myxoid and adipocytic lesions, cytology
was more useful than frozen section for diagnosis [10].
There seem to be no absolute contraindication to
the use of FS diagnosis. Nonetheless, certain relative
limitations. In some circumstances, potentially inappro
priate ordering of FS does occur. Frozen section is
sometimes unnecessary but not harmful to the patient,
for example, a frozen section of a large tumour for which
further surgery or treatment is not anticipated prior to
a diagnosis based on permanent sections. Such cases
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may be avoided by means of discussion with the surgeon
either during, or after the procedure. Such practices result
in increased charges without any benefit to the patient. At
other time, FS is not only unnecessary but also potentially
harmful to the patient, for example, a FS on a small primary
lesion that would be frozen in their entirety. Artifactual
distortion or loss of tissue could hinder diagnosis [24].
Limitations of FS need to be taken into consideration
when requesting for this procedure, in order to avoid
grave mistakes that will be detrimental to the patient’s
management [24, 25]. Poor sampling of tissue is a very
obvious limitation for the pathologist since he has to
interpret whatever the tissue sent by the surgeon. Poor
selection of appropriate tissue after grossing tissue sample
sent to the laboratory for FS is sometimes large and
therefore the pathologist must use his discretion to sample
the most representative tissue areas. This may greatly
influence his interpretation. Sometimes the orientation
of the tissue sent is not clear and communication with
the surgeon in the OT is thus important. Sampling a large
tumour is sometimes difficult. The surgeon must choose
a viable area and avoid necrotic one. Recognizing areas
of tissue reaction to tumour such as edema and fibrosis
are also important as sampling of these areas sometimes
leave the pathologist with no diagnostic material.
Assessment of capsular or vascular invasion is very difficult
in frozen section and subjected to sampling errors.
There is an acceptable limitation in the exact subtyping
of soft tissue tumors, based on frozen section examination.

LIMITATION
The final histology was not independent of the frozen
section diagnosis as the pathologists were not blinded is
a limitation of the study.

STRENGTH
However, the strengths are that consecutive and all
cases of frozen section were used, and a representative
number of histological categories were available to make
adequate statistical analysis. Moreover, all slides were
examined and reported by senior histopathologist with
special interest in bone and soft tissue tumors and in in
the same institute.

benign soft tissue tumors by frozen section is preliminary
and warrants confirmation by permanent section.

APPENDIX-I
Annexure
Performa
MR No:
________________
Age (years):
________________
Gender:
a) Male
b) Female
Type of tumor:
a) Bone
b) Soft tissue
Location of tumor:
Upper extremity
Lower extremity
Pelvis
Frozen Section:
Diagnosis:

________________

Histopathology:
Diagnosis:

________________
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