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This article reviews the clinical experience with
cryosurgery (use of liquid nitrogen) and acrylic ce-
mentation (polymethylmethacrylate; PMMA) in
the treatmenf ofaggressive, benign bone sarcomas
and the biologic basis of this technique. The re-
sults of 25 patients below the age of 2l treated by
cryosurgeryr with an average follow-up period of
60,8 months, are reported. Three approaches to
surgical reconstruction were used: Group | (four
patients) had cryosurgery with no reconstruction,
Group 2 (13 patients) had bone graft reconstruc-
tion alone. and Group 3 (eieht patients) had com-
posite osteosynthesis with internal fixation, bone
graft, and/or PMMA.'fhe overall control rate was
96Vo (one recurrence). The tumor types were giant-
cell tumor, chondroblastomar aneurysmal bone
cyst, and malignant giant-cell tumor. Nineteen le-
sions involved the lower extremity, and six lesions
were located in the upper extremity. There were
two secondary fractures (87o), one local {lap necro-
sis, and one synovial fistula. There were no infec-
tions. Two epiphyseodeses were performed. The
functional results were excellent (83%), good
(137o), and tilr (4%1. The technique of composite
osteosynthesis is recommended for all large tu-
mors of the lower extremity. Cryosurgical results
compare favorably with those obtained by en bloc
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resection and demonstrate the ability of cryosur-
gery to eradicate tumors while rvoiding the need
for extensive resections and reconstructive proce-
dures.

The classic treatment of most benign, ag-
gressive bone tumors has been curettage and
bone grafting. The most common aggressive
benign bone tumors include giant-cell tu-
mors (GCTs), which have been the subject of
most cl in ical  experience, aneurysmal bone
cysts (ABCs), chondroblastomas, and osteo-
blastomas. The literature documents exten-
sive difficulties in obtaining local control of
these tumorsi consequently, primary resec-
tion is frequently recommended for GCTs
and less commonly for the other tu-
morsr0'r3'37 Over the past two decades, adju-
vant physical modalities, in combination
with cureltage, have been developed and
used in an attempt to decrease the high rate of
f OCal reCUf fence,4, I 2, I 5,2o,22 -25,3 t,34,3 s The tWO

most common methods are cryosurgery (liq-
uid nitrogen), as developed by Marcove et
a\.,22-2s and acrylic cementation, as originally
described by Persson and Woutenv in the
early 1970s. Marcove et al.have reported ex-
tensively on their  experience with cryosur-
gery for benign and certain low-grade malig-
nant tumors; however, this technique has
only been used in a few inslitutions. There
are fewer data on acrvlic cementation. al-
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though it appears to be more widely used, pre-
sumably because ofthe simplicity ofthis tech-
nique,3' le ' l t

Since 1976, cryosurgery has been used in
combination with acrylic cementation in the
trealment of most benign (aggressive) bony
tumors.2o The aim of the present study has
been to decrease the risk of local recurrence
following curettage, to avoid the need for ma-
jor skeletal resections, and to preserve the ad-
jacent joint function. The purpose of this re-
port is ( l) to review the clinical and biologic
basis ofthese procedures, (2) to illustrate the
surgical technique, (3) to analyze the experi-
ence with cryosurgery and cementation in a
series of25 patients below the age of2 l, and
(4) to present guidelines for patient selection
and methods of reconstruction of the tumor
cavity.

CEMENTATION (PMMA) AS AN
ADJUNCT TO CURETTAGE

The concept of extending the effective
margins of a curettage beyond its geographic
borders by the use of polymethylmethacry-
late (PMMA) was first proposed by Persson
and Wouters in the mid- l970s.ra It was based
on the hypothesis that PMMA might kill the
residual tumor cells following, curettage.

Recently, Persson et a|.33 reviewed their ex-
perience with curettage and PMMA. Among
20 patients with GCTs treated between 1972
and 1985, there were only three (157o) local
recurrences. Two of these were satisfactorily
treated with a second curettage and cementa-
tion; the remaining patient required an am-
putation, This technique has now been used
by many American and European surgeons.
At the Third Internat ional Symposium on
Limb Salvage Surgery in 1984. a special sym-
posium was held to discuss and evaluate this
techn iq ue. 3a'35'3e'4o

The advantages of curettage and cementa-
tion. as described by several investigators,
have been summarized as fol lows: ( l )  The
joint is preserved and resection is avoided. (2)
The rate of local control increases. (3) The
functional result is improved, and there is a

quicker return to weight-bearing status. (4)
Local recurrence is easier to detect with
PMMA than with a bone grafi alone. (5) If
recurrence occurs, other therapeutic options
(resection, amputation) still exist.

The combined results of 240 patients pre-
sented at the International Symposium
(rated by the Enneking funclional classifica-
tion system) were as follows: 797o were excel-
lent,, l6Vo werc good, and 4Vo were fair or
poor. The overall local recurrence rate
among these 240 patients was 107o. Surpris-
ingly, there were no local recurrences among
patients whose lesions involved the hip,
which is generally the most difficult area in
which to perform this procedure. The sur-
geons concluded the functional results were
far superior to those following resection with
a prosthesis or arthrodesis,

THE ROLE OF PMMA
IN TUMOR CONTROL

Limb function and rate of local control
have dramatically increased over the past de-
cade with curettage and PMMA compared
with curettage alone (historical con-
trols).rs'ra'3s'ao What accounts for this im-
provement? There is no question that
PMMA immediately stabilizes a large defect
and decreases the risk offracture during heal-
ing. The reason for the decrease in local recur-
rence is not well understoodi however, the
consensus is that this improvement is at leasl
partially due to advances in the technique of
curettage itself. Most surgeons now use a me-
chanical bun (c.g., Midas-Rex, Fort Worth.
Texas) to remove the wall of the tumor cav-
ity, which is the high-risk area for residual
tumor cells. Biologically, the wall represents
the reactive zone. and it often contains unde-
tected tumor extension. Its adequate removal
converts an intralesional procedure into a
marginal excision. The mechanical burr is
more effective than hand curettes alone.
Older reviews of tumor recurrence are
usually based on a comparison of simple cu-
rettage (nonmechanical) to resections. The
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basis for improvement in the more recent se-
ries is most likely the use of the mechanical
burr ralher than the tumorcidal effect of
PMMA.

There are, however, two hypothetical
mechanisms for the tumorcidal effect of
PMMA: hyperthermia from the heat of poly-
merization and a possible direct toxic effect
of the monomer. Civen that PMMA is used
simply to pack a defect, both mechanisms are
of a short and variable duration and would
therefore seem to be of questionable efficacy
in thecontrol ofbony neoplasms. Experimen-
tal data, moreover, show the heat of polymer-
ization drops sharply from the center of the
PMMA to the interface with the adjacent
cancellous bone.{ Wilkins et al.3e reviewed
the data ofheat effects and evaluated necrosis
in a dog model. They reported bone marrow
necrosis occurs at 60" but not below 48'. Be-
lween 50o and 60o, necrosis is variable and
time dependent. At 50", capillary damage oc-
curs a1 three minutes and bone damage at six
minutes. The maximum temperature of the
cancellous bone interface in their dog model,
using a laleral condyle fil led with cement,
never exceeded 46o. They concluded that ne-
crosis of tumor cells was questionable under
surgical conditions. They strongly recom-
mended not to rely upon PMMA lor tumor
control and emphasized the need for thor-
ough curettage with a mechanical burr. Ma-
lawer e/ c/.,2r using a skeletally mature mon-
grel dog in a tumor model of the distal femur,
compared whole-mount sections with roent-
genograms, hematoxylin and eosin sections,
and tetracycline fluorescence and demon-
strated no evidence ofadjacent bony necrosis
when the cavity was Iil led with PMMA alone.

There is a good deal of discussion regard-
ing the necessity for and appropriate timing
of PMMA removal,re Some believe that the
increased stiffness of the PMMA will lead to
early degenerative changes. In general,
PMMA should not be removed unt i l ' the
high-risk period of local recurrence has
elapsed (approximately 24 months). There
are few clinical or scientific data to support
the need for PMMA removal, even in a sub-

chondral  posi t ion. Wil lertao compared the
stiffness following placement of PMMA ver-
sus bone graft in a subchondral position in
the lateral condyle of two dogs. Twelve weeks
after surgery, he reporled only a slight in-
crease of stiffness of the condyles following
PMMA. Stiffness had been initially lower in
the bone graft model than following the use
of PMMA: however. stiffness in the former
group increased as healing occurred. Willert
concluded that increased stiffness may not
be a significant cause of secondary osteoar-
throsis.

CRYOSURGERY AS AN ADJUNCT
TO CURETTACE

Cryosurgery is the use of extreme cold to
produce tissue necrosis. Cooperu described
the first direct surgical application and effec-
tive instrumentation of a patient by cryosur-
gery in 1963. Using a cryoprobe, he lreated a
patient with Parkinson's disease by selec'
tively destroying a portion of the basal gan-
glia. In 1966, Gage et al.e demonstrated cryo-
surgery's effectiveness in destroying bone
both clinically and in a dog model. Within
the past two decades, cryosurgery has become
accepted as an effective therapeutic modality
for select benign and malignant lesions in sev-
eral surgical fields. Cryosurgery, however,
has not been widely accepted by orthopedic
surgeons; reports ofexperience have been lim-
ited to a flew centers. Marcove el a1.23-2s have
used cryosurgery in the treatment of meta-
static and selected benign (aggressive) bone
tumors since 1964. They have reported exten-
sively on their experience for more than two
decades. In recent years, they have also
treated carefully selected malignanl bone tu-
mors.

Marcove ct al. emphasize the efficacy of
cryosurgery in obtaining good tumor control
(859"-96Vo\ of most benign (aggressive) bony
lesions. They emphasized that the advantages
of cryosurgery include a high rate of cure,
preservation ofthe adjacentjoint, and avoid-
ance ofthe need for extensive reconstruction
by prosthetic replacement, allograft, or ar-
throdesis. The problems they have reported
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with cryosurgery are that i t  k i l ls bone and
skin as well as tumor cells. that it has a high
fracture rate ( I l%'-28%), and that it may be
associated with wound problems (5vo-107o).
Marcove et al.2t-25 described a direct-pour
technique in which liquid nitrogen is poured
directly into a curetted tumor cavity instead
of being introduced lhrough a closed system.
This method has the advantage of increasing
the contact of the coolant with the irregular
walls of a curetted cavity.

BIOLOGIC BASIS OF CRYOSURGERY

The following mechanisms underlie cellu-
lar injury at subzero temperatures: (l) ther-
mal shock, (2) dehydration and toxic effects
of electrolyte changes, (3) formation of intra-
cellular ice crystals and membrane disrup-
tion, (4) denaturation of cellular protein, and
(5) microvascular fai lure. l l ' r6 ' r7 're '2?-2e Al l  of
these mechanisms are triggered by changes
that result from lowering the temperature of
the tissue or by disturbances caused by phase
transition when freezing occurs.26'30'32'36'3E
Temperatures between -2lo and -60o are
needed to obtain cellular necrosis: tempera-
tures below -60" exert no further lethality.
In general. the formation of intracellular ice
crystals is considered the mpin mechanism of
cellular necrosis. The damage to the micro-
vascular circulation is most likely responsible
for late, progressive necrosis after the freeze
and for problems associated with subsequent
repair of frozen tissue.

There are several modulating biologic and
physical influences on the processes ofcool-
ing and freezing that also affect cell survival
and the pathway of cellular damage. These
include the cell type, the tissue density and
vascularity, the presence of cryoprotective
molecules. the amounl and intensity of the
heat applied. the rate of cooling, the number
of freeze-thaw cycles, the rate of thaw, the
absolute temperature obtained, and the dura-
tion of the freeze.r'2'r4,26.32.16 All of these fac-
tors determine whelher the effects of solution
changes or intracellular ice formation will ex-
ert the greater influence on tissue damage.

In general, a rapid freeze causes intracellu-
lar ice crystals to form, whereas a slow freeze
causes cel lular dehydrat ion. Conversely,  a
slow thaw will cause intracellular crvslalliza-

FIGS. lA nxp lB. Experimental tumor model of
a dog's distal femur used to evaluate the effect of
cryosurgery. (A) Distal femur after double freeze-
thaw cycle ofl cryosurgery (with l iquid nitrogen),
curettage. and bone graft at three weeks. Note the
rim olnecrotic bone (arrows) and the lack ofincor-
poration of the bone graft. ( B) Tetracycline fluores-
cence (arrows) of the dislal flemur. Note the ab.
sence offluorescence adjacent to the lrozen cavity
and no uptake by the graft. In general, peripheral
necrosis extended 7-12 mm beyond the cavi ty
after cryosurgery. (Reprinted with permission
from Malawer. M. M.. Marks, M. R.. McChesnev.
D.. Piasio, M., Gunther. S. F.. and Schmooklei.
B. M.: The effecl of cryosurgery and polymethyl-
methacrylate in'dogs wilh experimental bone de-
fects comparable to tumor defects. Clin. Orthop.
226:299, I988.)
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t ion and membrane disrupl ion, whereas a
rapid thaw will not. This is explained by the
physics of crystal l izat ion. I f  there is slow
warming, the numerous intracellular crystals
will recrystallize into a few large crystals that
will damage the cell membrane. Upon fast
warming, the intracel lular crystals wi l l  melt
before they can damage the cell. Thus, a
rapid freeze and slow thaw, termed a "freeze-
thaw cycle." results in the maximum cellular
and tissue necrosis,

Repeated freeze-thaw cycles will also in-
crease the extent of necrosis. This is due lo
the increased conductivity of the cold after
the first freeze and the resultant increase in
volume of frozen tumor during subsequent
frcezes. The rale and depth of freeze are in-
creased by repetitive cycles and the rate of
thaw is delayed (secondary to delay in heat
transfer from impairment of the microcircu-
lation). thus the amount of intracellular crys-
tallization is increased.

HISTOLOCIC EFFECT OF
CRYOSURGERY ON BONE

There have been only a few studies of the
effect of liquid nitrogen or PMMA on bony
necrosis. Gage alal.e descnbed histologic and
roentgenographic findings of I8 dog femora
treated by liquid nitrogen. They used a closed
system of lalex lubes that circulated liquid
nitrogen within and around the diaphysis of
the femur. Kuylenst ierna et al . , rE studied the
efi-ect ol'cryosurgery by applying a probe to
the lateral cortex of a rabbit mandible. They
describcd the early histologic effects of and

the long response to the cryogenic impact.
They demonstrated microvascular lailure as
well as delayed healing and delayed regrowth
of the frozen periosteum.

Using a dog model. Malawer et al.2t devel-
oped and reported on an experimental proce-
dure that simulated a tumor cavity of the dis-
tal ftjmur (Fig. l). The purpose of this study
was to determine the ellicacy of liquid nitro-
gen and PM MA as surgical adjuvants to curet-
tage. The study evaluated the amount of
bony necrosis and the effect on bone graft
incorporation and normal formation follow-
ing cryosurgery, acrylic cementation, or ce-
mentation and cryosurgery combined. It was
concluded that l iquid ni trogen had a pro-
found effec1 on new bone formation and on
bone graft incorporation. In general, a cavity
of the distal femur not treated by liquid nitro-
gen showed no necrosis and demonstrated
early and progressive reossification. Those
with bone grafl also showed good incorpora-
tion. Conversely, those treated with liquid ni-
trogen showed no reossification or bone graft
incorporat ion. In addit ion, al l  the animals
treated with l iquid ni trogen demonstrated
extensive circumferential necrosis of the cav-
i ty extending from 7 to 12 mm from the
center. Those animals treated with PMMA
alone showed no necrosis.

The Dost dramatic effect of the liquid ni-
lrogen was on the appearance of the bone
marrow (Fig. 2). Following cryosurgery, thc
marrow showed extensive necrosis with a
minimal inf lammatory response. The
marrow underwent l iquefact ion with pro-
gressive fibrosis. There was little evidence of

Frcs. 2A AND 28. Histologic eftbcts olcryosurgery. (A) Photomicrograph of necrotic zone three weeks
after cryosurgery. The bone marrow shows extensive necrosis with necrotic trabeculae (N), There is a
minimal inflammatory component. A thrombosed vessel (anow) is seen. (B) Photomicrograph of the
necrotic zone eight weeks alier cryosurge ry. Progressive marrow fibrosis occurred following bone marrow
necrosis. There is minimal new bone formation (arrow) upon residual necrotic trabeculae (N). Note the
absence of osteoblasts. New bone is formcd by direct librous metaplasia. (Stain. hematoxylin and eosin:
original magnil ication. x8 in A. x2l in B. Reprinted with permission from Malawer, M. M.. Marks.
M. R.. McChesney. D.. Piasio. M.. Gunther. S. F.. and Schmookler, B. M.: The effect of cryosurgery and
polymethylmcthacrylate in dogs with experimental bone defects comparable to tumor defects. Clin.
Orrhop. 226:299. 1988.)
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neovasculature throughout the frozen zone.
Large, thickened, thrombosed vessels (an in-
dication of microvascular failure) were occa-
sionally seen in the liquid nitrogen groups,
compared with none in the controls.

Liquid nilrogen is a powerful surgical adju-
vant, as demonstrated by the amount of bone
marrow and trabecular necrosis. PMMA
showed only minimal response with no evi-
dence of necrosis (Fig. 3). In general, cryosur-
gery results in significant necrosis by several
mechanisms: the marked delay in reossifica-
tion and ofthe reparative process appears to
be due to local microvascular thrombosis.

TECHNIQUE OF CRYOSURGERY

The direct-pour method, as described by
Marcove et al., and its modifications are
listed as follows (Fig. a).

Wide Skin Retraction. Standard skin inci-
sions are used, and wide retraction is required
to prevent inadvertent freezing of the edges
and subsequent necrosis, dehiscence, or both.

Retraction oJ' Neurovascular Struclures.
Adjacent neurovascular structures must be
protected flrom freezing. They must be sepa-
rated from the involved structures.

Tourniquet.lf feasible, a tourniquet should

Frc. 3. Photomicrograph of the waU of a tumor cavity of a dot treated by PMMA alone, The PMMA
was removed during the preparation. Nole the normal marrow adjacent to the cavity. There is a narrow
libroblastic interface (anows) l ining the cavity, There is no evidence of trabecular or bone marrow
necrosis as seen following cryosurgery (see Fig. 2B). (Stain, hematoxylin and eosin: original magnification,
x2 I. Reprinted with permission from Malawer. M. M., Mar*s, M.,R., McChesney, D., Piasio' M.,
Gunther. S. F., and Schmookler. B. M.: Thc effect olcryosurgery and polymethylmethacrylate in dogs
with experimental bone deiects comparable to tumor defects. Clin. Orthop. 226:299, 1988,)
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Flc. 4. Intraoperative photograph demonstrates the direct-pour technique of cryosurgery. A funnel is
placed in a thoroughly curetted tumor cavity. Gelfoam (arrow) is used to seal the base and to prevenl any
spillage of liquid nitrogen. The temperature ol the cavity and the surrounding bone is monitored by a
thermocouple (small arrow). Wide skin flaps are required and are continuously irrigated wilh a warm
saline solution to prevent inadvertent freezing. A single or doublei freeze-lhaw cycle is used.

be used to decrease the heat-sink effect ofthe
circulat ion and prevent tumor bleeding,
which makes adequate freezing more diffi-
cul t .

Curettage qf Tumor. Thorough curettage
of the tumor is performed before cryosur-
gery. A high-speed burr is routinely used.
Care is taken not to push the tumor into the
medullary canal.

Coolant. Liquid nitrogen is used as the
coolant.

Pouring Technique. A metal funnel is
placed in the defect, and the base is sealed
with wet Gelfoam (UpJohn, Kalamazoo,
Michigan). The liquid nitrogen is poured di-
rectly into the cavity via the funnel. The size

ofthe funnel depends on the size ofthe cav-
ity. The initial pour of the nitrogen lasts only
two minutes in order to obtain a seal of the
spout of the funnel with bone and the Gel-
foam. The wet Gelfoam quickly freezes and
produces a seal at the base.

Thermocottple M onitori ng. A thermocou-
ple is used to monitor the freeze and the tem-
perature ofthe adjacent tissue.

Freeze-Thau,Cvcle. A cycle consists of di-
rect frseze with recorded temperatures below
-40o for frve minutes and a spontaneous
thaw until the temperature of the wall of the
tumor rises to above 0o (approximately three
1o five minutes). A single or double cycle is
used for aggressive or low-grade sarcomas, re-
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spectively. Ifthe epiphyseal plate is opened, a
singJe freeze-thaw cycle is recommended.

Wound Irrigation. The wound and skin
edges are closely monitored and intermit-
tently irrigated with a warrn saline solution to
prevent freezing.

Intraarticular Monitoring. The adjacent
joint is monitored with thermocouples. If nec-
essary, continuous irrigation with warm sa-
line can be performed to protect the articular
cartilage,

Soft-Tissue Reconstruction. lt is essential
that a good soft-tissue closure be obtained
over the frozen bone. The frozen bone must
not be left in a subcutaneous location.

Perioperative Antibiotics. Antibiotics are
routinely used.

MATERIALS AND METHODS

Between 1976 and 1988, 25 patients below the
age of 2l with benign (aggressive) bone tumors

were treated with cryosurgery. The average age
was I 5.3 years (range, six to 2 I years). There were
t 5 females and ten males, There were six upper-
and l9lower-extremity tumors (Fie. 5).

Tumor lypes are listed in Table L The histologic
diagnoses were GCT (14), chondroblastoma
(seven), ABC (three), and malignant GCT (one).
The patients were divided into three groups based
on the three types of reconstruction of the resul-
tant surgical defect following cryosurgery. In
Group l, cryosurgery only was performed. In
Croup 2, bone graft alone was used lo reconstruct
the defect (Fig. 6). ln Group 3, reconstruction con-
sisted of a composite of metall ic f ixation with
PMMA, bone graft, or both. PMMA alone was
used in some patients with small lesions, especially
those of the upper extremity and foot or ankle
(Figs. 7 and 8). The Musculoskeletal Tumor Soci-
ety functional evaluation system was used to as-
sess function.?

RESULTS

Clinical data of the 25 patients are pre-
sented in Table 2. The average follow-up pe-

Frcs. 5A-5C. Aneurysmal bone cyst of the distal t ibia in
a skeletally immature boy treated by curettage cryosurgery
and aulogenous bone graft. Preoperative (A) anteroposte-
rior and (B) lateral roentgenograms show a large lytic ex-
pansile lesion. (C) Roentgenogram lour years postopera-
tively. The patient had a distal f ibula epiphysiodesis. Note
that the joint appears normal.
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TABLE l. Histogenesis and Anatomic
Sites of Tumon in 25 Patients

patients) were rated as good. No patients
were graded as poor. The type of suryical re-
construction and the functional results were
similar for the three groups. There were four
Type I, l3 Type II, and eight Type III recon-
structions.

DISCUSSION

Classically, aggressive benign tumors such
as GCTs, ABCs, chondroblastomas, and os-
teoblastomas have been difficult to treat be-
cause of the high rate of local recurrence fol-
lowing curettage with or without bone
graft.4'r'e'to't3'37 Difficulties in local control fol-
lowing the initial as well as recurrent disease
have led investigators to recommend pri-
mary resection.r0'r3 GCTs have been the mosl
di f f icutt  to treat.r0 'r3 Techniques involving
physical adjuncts (cementation and cryosur-
gery)"iq;gom$ination with curettage have
been developed in the hope ofdecreasing the
rate of local recurrence and avoiding the mor-
bidity of a resection.2G25't4'3e'&

In general, hand curettage (mosl reports
prior to 1980) has been inadequate and has
led to the reported high recurrence rates. Me-
chanical curettage (high-speed burr), com-
bined with cementation, has led to lower
rates in the l09o-20%o range.rs'27'34'3t The
main role of PMMA is probably to stabilize
the curetted cavity; its tumorcidal capability
is not well documented.3e Conversely, a targe
amount of data, as well as the extensive clini-
cal experience as reported by Marcove et al.,
demonstrates the cytotoxicity of liquid nitro-
gen (cryosurgery). r-6'r r' | 6't7'te-2e Cryosurgery
is a powerful modality in the treatment of
aggressive (benign) and low-grade malignant
bone tumors; a local control rate of 96Vo is
reported in this study. Several aspects ofthe
maqagement and technique of these cases de-
serve special emphasis.

Bef6ie"Surgery, the extent of the tumor
must be carefully evaluated. Computed to-
mography and magnetic resonance imaging
are recommended. Soft-tissue extension
should be assessed to determine the proxim-

Data

Patients
(n)

Tumor
GCT
Chondroblastoma
ABC
Malignant CCT

Site
Upper extremily

Proximal humerus
Distal radius
Thumb (proximal phalange)

Lower exlremity
Pelvis
Sacrum
Proximal femur
Distal femur
Proximat tibia
Distal t ibia
Distal frbula
Talus

l4
7
3
I

3
2
I

I
J

5
4
3
I
I

riod was 60.8 months. Local tumor control
was achieved in 96Vo (24 of 25) of the pa-
tients. One patient developed a local soft-tis-
sue recurrence. She had a malignant GCT
and has remained disease free after excision
at 95 months.

The complications included secondary
fraclure in two patients (870), flap necrosis in
one patient (4Vo), and one synovial fistula.
There were no infections. One fracture oc-
curred in the proximal phalange of the
thumb and healed nonoperatively, the sec-
ond fracture occurred in the medial femoral
condyle and resulted in a nonunion.

Five patients required one additional pro-
cedure each. These secondary procedures
were bone graft (one), resection of local recur-
rence (one), epiphyseodesis (two), and a syno-
vial fistula closure (one). Twenty-four of the
25 patients were evaluated for function.
Eighty+hree percent (20 of 24) were graded
excellent, l37o (three of 24) good, and 47o
(one of 24) fair. The latter patient had a frac-
ture of the distal femur and a secondary non-
union. All proximal femoral tumors (three
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Flcs. 6,{ aNp 68. A benign CCT of the distal lemur treated by cryosurgery and bone grafi (Type Il).
Roentgenograms at (A) two years and (B) four years afler surgery. Note the faint cryonecrotic rim (arrows)
and the incorporation and retrabeculation at two and flour years. This patient has a full range of knee
motion. Bone graft incorporation after cryosurgery is delayed.

ity of neurovascular structures and the need
for their  mobi l izat ion and protect ion. 'A
pathologic fracture is a contraindication to
cryosurgery; small, nondisplaced fractures
are not. Wide exposure and adequate mobili-
zation of skin flaps and neurovascular bun-
dles, coupled with continuous irrigation of
tissues surrounding the funnel, reduced the
incidence ofskin necrosis to one patienl (47o)
in this study.

A tourniquet should be used whenever pos-
sible to reduce the vascularity and thus the
heat supply to the lesion. Several studies have
shown that ischemia increases the cytocidal
effect of cryosurgery by increasing the rate of

cooling and decreasing the rate of thaw.26-2E
Thorough curettage decreases the tumor bur-
den and exposes the residual cells along the
wall and those presumed to be between bony
trabeculae to the maximum effect of liquid
nitrogen. The use of a mechanical burr, in
addition to simple curettage, to remove the
reactive, sclerotic cavity wall is strongly rec-
ommended. Afterburring, the normal yellow-
ish trabecular bone and marrow should be
seen. Mechanical burring alone can substan-
tially reduce the incidence of local recur-
rence, regardless of whether cryosurgery fol-
lowd. For maximum contact, the in-
traosseors cavity must be completely filled
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with l iquid ni trogen at each appl icat ion.
When using the direct-pour technique, one
must direct constant attention to the funnel
neck to avoid obslruction by ice and forma-
tion ofa closed system that can lead to a fatal
nitrogen embolus. Postoperative elevation
(approximately three to five days) is neces-
sary to prevent venous stasis and edema of

FIcs. 7A-7C. Chondroblastoma of the proxi-
mal femur lreated by a double freeze-thaw cycle
of cryosurgery, internal fixation. and bone graft
(Type ll l). (A) Preoperative roentge nogram shows
a typical chondroblastoma arising in the proximal
femur,  (B) Six weeks postoperat ively.  Arrow
points to bone graft. (C) One year posloperatively.
Nole the bone grafl has healed and there is no
evidence of  avascular necrosis or jo int  space
narr6wing. This patient had an excellenl lunc-
tional res.q[.

the flaps and subsequent necrosis, dehis-
cence, and infection.

There are no differences in indications for
the use of cryosurgery in the skeletally imma-
lure versus the skeletally mature child. The
aim of this technique is to prevent local recur-
rbnce and to preserve the adjacent joint that
is at a high risk if a recurrence occurs. If
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Ftcs. 8A aNp 88. CCT of the proximal femur treated by curet-
tage, cryosurgery, internal f ixation, and cementation (Type III).
(A) Preoperalive roentgenogram shows (anows) the extent ofthe
lumor. (B) Roentgenogram at 43 monlhs afler surgery.

epiphyseal closure does occur, an epiphySe-
odesis of the contralateral epiphysis is recom-
mended. In most instances, the adjacent
epiphyseal plate has been destroyed by the
lumor before surgical i ntervenlion, especially
in patients with chondroblastomas and
GCTs. In addition, ABCs consistently extend
to and involve the epiphyseal plate. Any at-
tempt to l imit  tumor removalby minimizing
curettage adjacent to the plate increases the
risk of tumor recurrence, Thus, before sur-
gery, irrespective of the technique used, one
must inform the family that the involved
epiphysis may be nonfunctional after an at-

tempt at adequate tumor resection. On the
other hand, it musl be explained that the ef-
fect of cryosurgery on the epiphyseal plate is
variable, and normal growth may occur.

Late fracture is the most common and po'
tentially serious reported complication asso-
ciated with cryosurgery. Marcove et a1.22-2s
report-ed E 28Eo fracture rate for th€ir first 25
patients with GCTs and l87o for the second
25 patients, Fracture is an inherent risk of
cryosurgery. Frozen bone shows trabecular
necrosis with disruption of the osteoid seams
and extensive marrow necrosis extending a
minimum of I cm from the periphery of the
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TABLE 2. Clinical Data of 25 Patients Below the Age of 2l Treated With Cryosurgery

Casc Diugnt.ti:;
b'ollon'-Up Pariod

(months)
-Slle

Group Funuion

I
2
3
4
5
6
1

8
9

r0
l l
l2
r3
l4
l5
r6
t7
t8
l9
20
2l
22
23
24
25

GCT
GCT
ABC
CCT
CB
GCT (malignant)
ABC
GCT
GCT/ABC*
CCT/ABC*
CB
ABC
ABC
CB
GCT
GCT
GCT
GCT
CB
CB
CB
CB
ABC
GCT
GCT

Excellent
Excellent
Excellent
Excellent
Excelle nt
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent

N/A
Excellent
Excellent
Excellent
Excellent
Good
Good
Excellenl
Excellent
Excelle nt
Good

t56.2
r56.2
t2t.7
I  r8.7
110.5
95.3
80. l
6 r .8
55.7
55.7
53.7
49.7
49.7
48,7
43.6
30.4
23.3
t6.2
t4.2
l3. l
r0. l
8.0
8.0

80. r
88.2

Talus
Proximaltibia
Distal flbula
Distal tibia
Proximal t ibia
Distal femur
Proximal t ibia
Distal femur
Disral ribia
Proximal t ibia
Distal femur
Sacrum
Distal tibia
Proximal femur
Thumb
Distal femur
Humerus
Pelvis
Proximal humerus
Proxi mal fem ur/humerus
Proximal femur/humerus
Proximal humerus
Distal radius
Distal radius
Distal femur

2
2

3**
2
J

2.,)

2
I
2
J

2
J

I
2
3
J

J

3
2
3

r Aneurysmal bone cyst arising in a CCT.
tr Local recurrence.

frozen defect. Frozen bone reossifies slowly
and often incompletely; it tends to act like an
autograft. Gage et d/. termed this as an "auto-
graft in situ."e The fracture rate of the prese nt
study was 8%,, To reduce the possibility of
fracture, reconstruclion of large defects to
support the tumor cavity and articular sur-
face is recommended. PMMA and internal
fixation provide immediate stability. Corti-
cocancellous grafts are required to strengthen
the subchondral bone, whereas fibular struts
reconstitute the cortical defect. The present
study compared the complication rate in a
group of 25 pediatric patients with the overall
experience of 74 patients (unpublished data).
Interestingly, the fracture rate and incidence
of flap necrosis were lower in the pediatric
group: 87o versus 187o, and 47o vtrsus 107o,
respectively. In general, tumors of children

are smal ler,  and the wel l -known abi l i ty of
children to reossify and heal bony defects is
reflected in a lower fracture rate.

The overall functional results in the 25 pa-
tients were 96Vo flood and excellent. Surpris-
ingly, tumors of the hip were all rated good:
there were no cases of secondary fracture or
avascular necrosis. Epiphyseodesis, when re-
qui red, reliably equalized potential leg-length
discrepancies in the younger patient.

Cryosurgery extends the margin of a sim-
ple curettage, making it biologically equiva-
lent to a wide (intracompartmental) resec-
tion. Cryosurgery entails using a wide exci-
sion in sirrr but without the morbidity of an
en bloc resection and the need to sacrifice a
joint. Compared with other techniques, cryo.
surg€ry not only preserves bone stock and
joint function but also is accompanied by a
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significant decrease in the local recurrence
rate. Routine resection of benign (aggressive)
bone tumors is not warranted; a large num-
ber of these lesions can be cured by cryosur-
gery. In general, a primary resection is re-
served for extremely large lesions and for pa-
tients with a significant pathologic fracture.
PMMA is used to obtain immediate fixation
and stabilization ofthese large defects, espe-
cially in the weight-bearing bones. This study
agrees with Willert{that PMMA alone prob'
ably does not provide adequate tumor con-
trol, The improved results of the present
study, compared with those associated with
hand curettage alone, may be attributed to
combining mechanical burring and cryosur-
gery to exlend the margin of resection.
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