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ABSTRACT Reaming samples are usually sent for histological testing to establish or confirm the primary source of
malignancy while intramedullary nailing is performed for impending or established pathological fracture of the long
bones. However, this conventional technique of sampling does not always yield accurate results. Herein, we introduce a
technique for intramedullary biopsy using a laparoscopic grasper under image intensifier guidance. This novel technique
was applied in three cases, and the tissue samples obtained successfully established or confirmed the primary source of
malignancy. In comparison, reaming samples obtained via the conventional method showed negative findings in one case
and tumour cells that were of poor sample quality in another case. We opine that this new technique is an effective and
reproducible method that could improve tissue sampling and achieve a more reliable histological diagnosis.
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INTRODUCTION

For patients with impending or established pathological fracture
of the long bones, intramedullary nailing is usually recommended
to stabilise the bone in order to relieve pain and improve mobility.
During the procedure, reaming samples are usually sent for
histological examination to establish or confirm the primary
source of malignancy. However, the accuracy of this method may
not be satisfactory — Subramanian et al" reported a sensitivity of
only 61%, while Hassan et al® demonstrated that only 60% of
samples obtained from reaming establish a definitive diagnosis.
However, it is essential for accurate histological diagnosis to be
reached, in order to stage the disease and optimise therapies
for cancer patients. Moreover, missed diagnoses may result in
further investigations and delays in the introduction of treatment
modalities crucial for improving outcomes.

To improve tissue sampling, we introduced a technique of
intramedullary biopsy using a laparoscopic grasper under image
intensifier guidance. This technique, widely applicable for lesions
of the long bones such as the femur, tibia and humerus, makes
use of laparoscopic graspers of appropriate sizes.

CASE REPORT

This novel technique was applied to three cases with pending
or established pathological fractures of the long bones. During
intramedullary nailing of the long bones, a standard approach
and entry point was used. The cortex was breached with a drill
or an awl. A guidewire was then inserted into the proximal part
of the lesion under the guidance of an image intensifier, and the
canal proximal to the lesion was reamed. An appropriately sized
laparoscopic grasper (Fig. 1) was then inserted, and an adequate
quantity of high-quality tissue samples was obtained under image
intensifier guidance (Figs. 2a & b). Based on our experience, two
or three tissue samples need to be obtained; more tissue samples

Fig. 1 Case 1. Photograph shows the laparoscopic grasper (measuring
34 cm in length) that was applied to obtain the tissue samples of bone
lesion through the femoral cavity of the patient.

Fig. 2 Intraoperatively and under image intensifier guidance, the laparoscopic
grasper was inserted through (a) the right femoral canal of Case 1; and (b) the
right humeral canal of Case 2, to obtain the tissue samples.

were taken if some parts of the lesion were of particular interest
to the surgeon. Intraoperatively, the tissue samples obtained
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Table I. Details of the three cases.

Parameter

Case 1

Case 2

Case 3

Age (yrs)/gender
Symptoms

Previous history
of malignancy
Radiographic
findings

Histology of
grasped tissue
samples

Histology of

78/female
Right thigh pain for 4 mths

Nil

Intraosseous lytic lesion in the
mid-shaft of the right femur, with
erosion of the bony cortical linings

Positive for malignancy; strongly
positive TTF-1 reaction (metastatic
adenocarcinoma from the lung)

Positive for malignancy

27/female
Right arm pain for 2 days

Nil

Fracture in the proximal third of
the right humerus, centred at a
well-defined intramedullary lytic
lesion with a corticated margin

Positive for bone cyst
(simple bone cyst)

Negative for bone cyst

57/female

Severe right arm pain, subsequent
to a ‘crack’ sound from the left
arm when supporting her body
with the right arm while in bed

Rectal cancer

Obligue fracture in the proximal
third of the left humerus, with no
obvious lytic lesion

Positive for malignancy
(metastatic adenocarcinoma from
the colon)

Positive for malignancy

(metastatic adenocarcinoma from
the lung)

reaming samples

(metastatic adenocarcinoma from
the colon)

TTF-1: thyroid transcription factor-1

Fig. 3 Case 1. (a) Photomicrograph of the grasped tissue sample shows preservation of the bone architecture
with multiple nests of metastatic carcinoma (arrows) and preserved histomorphology, which favours the
diagnosis of adenocarcinoma. (b) Photomicrograph of reaming sample shows fragmentation of the bone with
‘burn’ artefact, haemorrhage, and disruption of the tissue architecture, with tumour cells (arrow) seen in the
centre (Haematoxylin & eosin, x 10 for both images).

Fig. 4 Case 2. (a) Photomicrograph of the grasped tissue sample shows a fibrous wall with new bone formation,
but with no inflammation, granulomata or cementum-like material seen. These features are consistent with a
simple cyst. (b) Photomicrograph of the reaming sample shows a fracture site with haemorrhage and necrotic

bone (Haematoxylin & eosin, x 10 for both images).

via this technique and the reaming samples obtained from the
conventional method were sent for histological testing.

The details of the three cases are presented in Table I.
In Case 1, although the tissue samples obtained via this technique
and the reaming samples both showed tumour cells (Figs. 3a & b,
respectively), the grasped tissue samples were found to be of better
histological quality, as their tissue structures were well preserved
without thermal or other artefact compared to the reaming

samples. On further thyroid transcription factor-1 (TTF-1) test, the
grasped samples in Case 1 showed a strongly positive reaction
consistent with adenocarcinoma of the lung, and this was vital
for the final histological diagnosis. In Case 2, the grasped tissue
samples revealed histological features consistent with simple bone
cyst, while reaming samples revealed negative findings for bone
cyst (Figs. 4a & b, respectively). In Case 3, both the grasped tissue
samples and reaming samples showed tumour cells.
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DISCUSSION
Intramedullary nailing, first introduced by Kuntscher in 1939, is
a standard treatment for most closed and impending pathologic
fracture of the long bones. Intramedullary reaming is usually
performed prior to nail insertion. This allows for appropriate
shaping of the medullary canal to facilitate the insertion of a larger
nail. Reaming is also the time-tested method of tissue sampling to
establish or confirm the nature of the bone lesion. However, the
process of reaming significantly reduces the sensitivity of histological
testing of reaming samples. During the process of intramedullary
reaming, multiple mechanisms that could affect the accuracy
of the test for reaming samples may be involved. First, reaming
leads to direct mechanical destruction of the tissue. During this
process, tissues and cells at the lesion site may also be destroyed
together with normal tissues, thus affecting the sample quality for
histological testing. Second, it has been demonstrated by several
studies that intramedullary reaming causes considerable elevation
of temperature.”’ In intramedullary reaming of the femur, the
temperature may rise to 40.6°C-67°C.*® Matthews and Hirsch's
study?” showed that 56°C is the critical temperature at which
denaturation of cellular enzymes and thermal injury to the bone
occur. Similarly, Eriksson et al® found that a consistent temperature
of 47°C-50°C lasting for 1 min significantly leads to bone necrosis
and impaired bone formation. Likewise, increase in temperature
also results in thermal injury to tissues or cells over the lesion site
and affects the accuracy of histological testing of reaming samples.
Finally, as reaming samples are usually collected from the incision
site or reamer blade, procurement is non-targeted, thus making it
difficult to differentiate lesion tissues from normal tissues. Thus, this
conventional sampling method may result in suboptimal quantity
or quality of samples obtained, as the lesion tissues may be largely
diluted by normal tissues. Furthermore, these reaming samples sent
for histological testing may not even contain any lesion tissues.
To overcome the aforementioned shortcomings and to improve
tissue sampling, we introduced the use of a laparoscopic grasper
for intramedullary biopsy of pathological fracture of the long bones.
Contrary to the conventional sampling method, this novel technique
can effectively avoid the problems of direct mechanical destruction
of tissue and dilution of sample, and significantly reduce thermal
injury to the cells at the lesion site. In addition, this technique is easy
to apply and adequate high-quality tissue samples can be grasped
with targeted procurement under image intensifier guidance. In the
three cases reported herein, all tissue samples obtained via this
technique successfully established or confirmed the primary tumour.
Reaming samples, on the other hand, showed negative findings
in Case 2. In Case 1, although both the grasped tissue samples
and reaming samples showed tumour cells, the former is of better
histological quality, as our technique minimises sample destruction
and dilution, and preserves the tissue structure, which is crucial in
improving the sensitivity of further immunohistochemical testing.
In the literature, several techniques have been introduced
to improve intramedullary tissue sampling — intramedullary
flexible catheter and syringe® and intramedullary paediatric
chest tube/syringe™® both obtain samples by aspiration before
intramedullary nailing. According to the study by Smith et al,

as high as 92.5% of their samples were diagnostically positive.
However, these two techniques are not indicated for initial biopsy
of suspected primary lesions due to the possible dissemination
of tumour cells.®'® Biopsy forceps, such as long bronchial
biopsy forceps,"” oesophageal biopsy forceps'? and Paterson or
Lloyd Davis biopsy forceps,"? were also applied for intramedullary
biopsy. Hebert et al"” reported positive diagnosis in as high as
71% of the samples obtained by long bronchial biopsy forceps
or similar biting forceps. However, application of biopsy forceps
may be limited by its size and rigidity. Our technique, which uses
a laparoscopic grasper for intramedullary biopsy, produced more
reliable intramedullary biopsy results and was also easy to apply.
Although laparoscopic graspers may be limited by their size and
rigidity, with the development of materials and manufacturing
technique, laparoscopic graspers may eventually be smaller in size
and more flexible."¥ Based on our experience, we recommend
that laparoscopic grasper be applied after the canal proximal to
the lesion is reamed, as this modification of surgical technique
will facilitate the insertion of the laparoscopic grasper without
significantly affecting the quantity or quality of the tissue samples.

In conclusion, we opine that intramedullary biopsy using
laparoscopic graspers is an effective and reproducible technique
to improve the yield of tissue sampling and achieve more reliable
histological diagnosis. Further studies with a larger number of
cases are needed to statistically demonstrate that this novel
technique is superior to conventional reaming in improving tissue
sampling and accuracy of histological diagnosis.
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