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Abstract. – INTRODUCTIONS: Tumoral re-
sections pose serious challenges because suffi-
cient removal has to be balanced against func-
tion preservation. A particular type of resection
is encountered when the tumor is located in the
diaphysis. It can lead to an important gap which
cannot always amend to bone grafting in the
same procedure.

PATIENTS AND METHODS: The aim of the pa-
per is to evaluate the long term outcome of seg-
mental bone loss in patients with malignant tu-
mors removed from diaphyseal regions and
treated by intramedullary nailing and poly-
methylmethacrylate spacer. The limb function
was then evaluated using a range of motion by
the Musculoskeletal Tumor Score (MSTS) and
the perceived quality of life measured by the
EORTC QLQ-C30.

RESULTS: There were no immediate postoper-
ative local or systemic complications and no
failures of the nail/cement construct. All cases
were allowed immediate weight bearing (lower
limb) and none were immobilized (upper limb).
The average length of the bone defect was 9 (6-
14) centimeters. The average follow-up was 2.5
(1-4) years.

CONCLUSIONS: Polymethylmethacrylate ce-
ment spacers, over intramedullary nailing, have
statistically proved a feasible and inexpensive
procedure with limited complications, low surgi-
cal stress and favorable functional outcomes. It
can be a definitive therapy for advanced cases,
as well as temporary solution which can be suc-
cessfully converted to secondary bone grafting.
Key Words:

Polymethylmethacrylate spacers, Tumoral resec-
tions, Long bone defects, Fibula autograft, Treatment
outcome.

Introduction

Segmental bone resection, after tumoral estab-
lishment, poses serious options because of a suf-
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ficient removal in balance with a preservation of
the function. Radical treatment – amputation –
has been found to provide comparable therapeu-
tic outcomes for limited resections but with less
favorable functional results. In addition, in the
tumoral setting, amputation severely alters the
quality of life of the patients, especially when
performed above the knee or the dominant arm.
When the tumoral mass is located at metaphysis
level, the adjacent joint is usually involved and
the treatment requires a tutoral prosthesis. With-
out such complex and expensive implants, only
little progress can be done to preserve the func-
tion. Another particular type of resection is en-
countered when the tumor is located at the diaph-
ysis of the long bones. When the radicalness of
the procedure or the overall status of the patient
(high probability or confirmation of multiple
metastases) is questionable, the surgery may lead
to a palliative procedure. However, the local dis-
ease could still be contained for a long time with
adjunctive chemotherapy. On this principle, we
have observed favorable evolution in a previous
retrospective study on pathologic fractures asso-
ciated with osteosarcoma. Limb sparring proce-
dures, in conjunction with adjuvant chemothera-
py, could lead to favorable functional outcomes
and survival1. If the tumor appears to be a sec-
ondary dissemination, surgical removal can also
attempt a favorable long term outcome. Further-
more, the presentation with a pathologic diaphy-
seal fracture, obliges to a surgical treatment even
if the overall conditions are uncertain. After the
tumor removal, the gap is often important and
thus distraction osteosynthesis or cancellous au-
tograft (such as iliac crest) do not suffice. Free
fibular grafts could be a good option but, very of-
ten, these patients need supplemental challenges.
Patients can be too weak to undergo a single
lengthy and complex procedure. For such cases a
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fied the above technique and used internal fixa-
tion – intramedullary nails instead of external
fixation. In this way, their patients resumed
weight-bearing more quickly. All these tech-
niques were applied to tibial bone loss resulting
from trauma or infection. Given these premises,
we aimed to evaluate the long term outcomes of
segmental bone loss after tumoral resection treat-
ed with intramedullary nailing and a polymethyl-
methacrylate spacer.

Patients and Methods

In a prospective observational study we fol-
lowed 12 patients who had malignant tumors re-
moved from diaphyseal regions with internal sta-
bilization using intramedullary nails and gap fill-
ing done by acrylic cement. The cases were en-
rolled over a period of 5 years in a University
Hospital, out of a pool of 47 cases with long
bone malignancies. The anatomical location,
length of the defect, pathologic fracture as initial
presentation, patient demographics, histology of
the tumor, follow-up period, final outcome, local
recurrence, secondary surgery for bone grafting
and postoperative chemotherapy of the studied
12 patients are summarized in Table I.
The limb function was evaluated using Mus-

culoskeletal Tumour Score (MSTS)8. The per-

marginal or radical resection of the tumor can be
followed by locked intramedullary nailing and
the segmental defect filled with an acrylic ce-
ment spacer. Biewener et al2 have shown that
combination osteosynthesis is a suitable mean to
stabilize segmental bone defects in cases with
poor lifetime prognosis or as temporary stabiliza-
tion during chemotherapy. Polymethylmethacry-
late (PMMA) is one of the most versatile and in-
expensive substance used as bone cement. It has
been used in orthopedics along many decades
with relative little modifications. It serves as ad-
hesive in arthroplasty, vertebral augmentation,
spacer which delivers antibiotics in bone and
joint infections or just for filling osseous defects.
It has virtually no local adverse effects and very
limited cardiopulmonary complications3,4. The
use of PMMA to improve fixation in pathologic
bone is not new. Miller et al5 have proposed in-
jection of polymethylmethacrylate through the
intramedullary nail with retrograde filling of the
space between the rod and the inner cortex.
Masquelet et al6 found that, when a segmental
bone loss is temporarily occupied by a PMMA
spacer, a reactive inflammatory membrane cre-
ates around it in as little as 6 weeks. In a second
step, when the cement block is removed and re-
placed by cancellous bone, this membrane some-
what acts like a periostium, prevents resorption
and secretes growth factors. Apard et al7 modi-

Length Secondary
of the Pathologic Local bone Chemo-

Level defect fracture Age Gender Histology Follow-up recurrence grafting therapy

1 Humerus 6 Yes 60 Male Metastatic 1/Death No No Yes
adenocarcinoma

2 Humerus 7 No 57 Female Condrosarcoma G2 3/Alive No Yes No
3 Humerus 7 Yes 71 Female Malignant 3/Alive No No Yes

fibrohistyocitoma
4 Radius 10 No 24 Female Osteosarcoma 2/Death No No Yes
5 Radius 6 No 59 Female Fibrosarcoma 2/- No Yes Yes
6 Ulna 12 No 52 Male Leiomyosarcoma 4/Alive No Yes No
7 Femur 9 Yes 64 Male Metastatic 2/Alive No No Yes

carcinoma
8 Femur 9 Yes 51 Female Mieloma 3/- No Yes Yes
9 Femur 7 Yes 75 Male Metastatic 2/Death No No Yes

adenocarcinoma
10 Tibia 14 No 26 Male Parosteal 1/Death No No Yes

osteosarcoma
11 Tibia 8 No 64 Female Metastatic 3/- No No Yes

carcinoma
12 Tibia 13 No 68 Male Giant cell 4/Alive No Yes No

(malignant)

Table I. Synthetic data of the patients.
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ceived quality of life was measured using the
EORTC QLQ-C30 (30-item multi-dimensional
validated questionnaire developed to assess the
quality of life)9. Also ROM (Range Of Motion:
distance and direction a joint can move between
the flexed position and the extended position)
was finally evaluated. In Table II the upmen-
tioned scores were analyzed as percentage of the
preoperative score (considered before the frac-
ture). For all outcome measures, one month in-
cluded evaluation done between 4 and 6 weeks
after surgery and one year for evaluations made
between 11 and 13 months postoperatively. All
cases were unilateral and, therefore, passive
range of motion (ROM) was determined as per-
centage of the contra lateral side. To give a single
measure for overall mobility, we used the aver-
age of percentages compared to contra lateral in
all planes. For the humerus, shoulder and elbow
joints were evaluated and for radius and ulna the
elbow and wrist were assessed. For the femur
were valuated hip and knee while for tibia were
assessed knee and ankle, respectively. At the
shoulder were evaluated standing lateral adduc-
tion/abduction, flexion/extension at 90 degrees
(or maximum), abduction and external rotation at
0 degrees of abduction with the elbow at 90 de-
grees (or maximum) of flexion. At the elbow lev-
el flexion/extension were recorded. Regarding
the wrist, were comparatively evaluated palmar
and dorsal flexion with both hands touching the
front of the patient. A single forearm prono-
supination was recorded with the elbows at 90

degrees of flexion. For the lower limb all mea-
surements were assessed in supine position: pas-
sive flexion of the hip with the knee bent and ab-
duction with the leg straight. Internal and exter-
nal rotation were judged with the hip and knee
flexed at 90 degrees. Passive flexion of the knee
was recorded in the same position. For the ankle,
only combined flexion/extension was evaluated.
The amplitudes of motion were compared as per-
centage of contra lateral and then averaged.
Two representative cases are depicted in Fig-

ures 1 and 2.

Results

There were no immediate postoperative local
or systemic complications and no failures of the
nail/cement construct. All cases were allowed
immediate weight bearing (lower limb) and none
were immobilized (upper limb). The average
length of the bone defect was 9 (6-14) cm. The
average follow-up was 2.5 (1-4) years.
Two representative cases are depicted in Fig-

ures 3 to 6.

Discussion

A recent literature review, done by Taylor et
al10, detailed the benefits of polymethylmethacry-
late spacers in the staged treatment of segmental
bone defects. They point out that cement behaves

QLQ-C30% MSTS% ROM%

1 month 1 year 1 month 1 year 1 month 1 year

1 69 84 70 81 44 56
2 59 90 65 90 38 78
3 60 85 67 83 40 72
4 46 81 62 79 55 75
5 53 89 52 87 51 59
6 58 92 60 85 50 83
7 64 78 59 66 41 60
8 57 72 56 69 54 62
9 54 75 55 71 47 66
10 50 73 64 72 39 70
11 42 76 63 84 52 71
12 45 87 61 88 43 79

Table II. Evolution of quality of life (QLQ-C30), Muscle Skeletal Tumor Score (MSTS) and Range Of Motion (ROM) for
each patient. Scores are shown as percentage between 1 month and 1 year postoperative compared to preoperative results
(considered before the fracture). ROM values are presented as average of percentage results comparative to contra lateral (see
text for detailed explanation) for the proximal and distal adjacent joints. Due to the limited number and heterogeneity of cases,
the evaluation was performed using descriptive statistics.
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Figure 1. A, Intraoperative aspect of a removed fibrosarcoma of the left humerus. B, AP radiograph with the cement spacer
in situ over a short intramedullary nail. C, Final intraoperative view with the PMMA in place.

A CB

Figure 2. A, Intraoperative aspect of the right femur with a large metastasis of a uterine cervical adenocarcinoma. B, After re-
moval and internal stabilization with intramedullary nail, an additional support was obtained by polymethylmethacrylate filling.

A B

Figure 3. AP and lateral X-ray views of a uterine cervical
carcinoma metastasis at the level of the right tibial diaphysis
removed and replaced with PMMAspacer over a locked nail.

Figure 4. The same case 18 months after surgery; the radi-
ographic images show no signs of degradation of the nail/
cement construct.
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as a biologic membrane that will nurture the de-
finitive bone graft. The mechanism is multifacto-
rial. 4 to 8 weeks after spacer placement the pro-
tective shell is matured. This prevents graft dis-
persal and resorption, promotes revascularization
and induces growth factors which lead to the ex-
cellent clinical results being reported11.
The inductive potential of such membranes

has been histological proved in animal models12

with better results in comparison to recent artifi-
cial bioresorbable polylactide membranes that
boast single step procedures13. Pelissier et al14
showed production of growth factors (VEGF,
TGFbeta1) and osteoinductive factors (BMP-2)
with a peak at about 4 weeks. This immuno-
chemistry analysis can support a more rapid con-
version to bone grafting. Viateau et al15 expanded
autologous mesenchymal stem cells onto granu-
lated scaffold. After implantation into an induced
membrane formed by a previous polymethyl-
methacrylate spacer, they conclude that particu-
late bone constructs can be used to repair large
defects and that their osteogenic ability ap-
proaches that of bone autograft.
Our results favor limited resections. This

somewhat contradicts with data in the literature
which find limb salvage procedure to lead to sec-
ondary surgeries and comparable long term out-
comes to amputations16.
All patients were very reluctant to radical proce-

dures such amputations. Even in the setting of
metastases, when there were no other apparent le-
sions, we performed limited resections offering
similar outcomes with better residual quality of life.

Conclusions

Polymethylmethacrylate cement spacers, over
intramedullary nailing, have proved, in our opin-
ion, a feasible and inexpensive procedure with
limited complications, low surgical stress and fa-
vorable functional outcomes. It can be a defini-
tive therapy for advanced cases as well as tempo-
rary solution which can be successfully convert-
ed to secondary bone grafting.

––––––––––––––––––––
Acknowledgements
Thanks to Dr. Lucian Jiga for contributing with the vascu-
larized fibular grafts which led to favorable final outcomes.

––––––––––––––––––––
Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) VERMESAN D, VERMESAN H, DRAGULESCU SI, BERA I, DI

GIOVANNI A, SABATINI R, SANTACROCE L, BOTTALICO L,
FLACE P, CAGIANO R. Secondary pathologic frac-
tures in osteosarcoma: prognosis and evolution.
Eur Rev Med Pharmacol Sci 2009; 13: 71-76.

Figure 5. Right forearm leiomyosarcoma which invaded
the proximal ulna; after tumor removal, a large bony defect
was filled with PMMA spacer over a thick Kirschner wire.

Figure 6. The same case 7 months after surgery index with
no local reoccurrence; the cement block is seen surrounded
by a thick membrane which was left in situ to support a vas-
cularized fibular autograft.



2371

Application of acrylic spacers for long bone defects after tumoral resections

2) BIEWENER A, MEYER J, RENTSCH C, GRASS R, GÜNTHER

KP, ZWIPP H, RAMMELT S. Internal fixation of meta-
and diaphyseal intercalary bone defects after tu-
mour resection with intramedullary nailing and
porous polymethylmetacrylate (PMMA) spacer.
Orthopade 2007; 36: 152-158, 160-163.

3) JAEBLON T. Polymethylmethacrylate: properties
and contemporary uses in orthopaedics. J Am
Acad Orthop Surg 2010; 18: 297-305.

4) DONATI D, BISCAGLIA R. The use of antibiotic-im-
pregnated cement in infected reconstructions af-
ter resection for bone tumours. J Bone Joint Surg
Br 1998; 80: 1045-1050.

5) MILLER GJ, VANDER GRIEND RA, BLAKE WP, SPRINGFIELD
DS. Performance evaluation of a cement-aug-
mented intramedullary fixation system for patho-
logic lesions of the femoral shaft. Clin Orthop Re-
lat Res 1987; 221: 246-254.

6) MASQUELET AC, BEGUE T. The concept of induced
membrane for reconstruction of long bone de-
fects. Orthop Clin North Am 2010; 41: 27-37.

7) APARD T, BIGORRE N, CRONIER P, DUTEILLE F, BIZOT P,
MASSIN P. Two-stage reconstruction of post-trau-
matic segmental tibia bone loss with nailing. Or-
thop Traumatol Surg Res 2010; 96: 549-553.

8) ENNEKING WF, DUNHAM W, GEBHARDT MC, MALAWAR

M, PRITCHARD DJ. A system for the functional evalu-
ation of reconstructive procedures after surgical
treatment of tumours of the musculoskeletal sys-
tem. Clin Orthop 1993; 286: 241-247.

9) FAYERS PM, AARONSON NK, BJORDAL K, GROENVOLD M,
CURRAN D, BOTTOMLEY A, ON BEHALF OF THE EORTC
QUALITY OF LIFE GROUP (2001). The EORTC
QLQC30 Scoring Manual, 3rd edn. Brussels: Eu-

ropean Organization for Research and Treatment
of Cancer http://groups.eortc.be/qol/eortc-qlq-c30

10) TAYLOR BC, FRENCH BG, FOWLER TT, RUSSELL J, POKA

A. Induced membrane technique for reconstruc-
tion to manage bone loss. J Am Acad Orthop
Surg 2012; 20: 142-150.

11) BIAU DJ, PANNIER S, MASQUELET AC, GLORION C. Case
report: reconstruction of a 16-cm diaphyseal de-
fect after Ewing's resection in a child. Clin Orthop
Relat Res 2009; 467: 572-577.

12) KLAUE K, KNOTHE U, ANTON C, PFLUGER DH, STOD-
DART M, MASQUELET AC, PERREN SM. Bone regenera-
tion in long-bone defects: tissue compartmentali-
sation? In vivo study on bone defects in sheep.
Injury 2009; 40(Suppl 4): S95-102.

13) MEINIG RP. Clinical use of resorbable polymeric
membranes in the treatment of bone defects. Or-
thop Clin North Am 2010; 41: 39-47.

14) PELISSIER P, MASQUELET AC, BAREILLE R, PELISSIER SM,
AMEDEE J. Induced membranes secrete growth
factors including vascular and osteoinductive fac-
tors and could stimulate bone regeneration. J Or-
thop Res 2004; 22: 73-79.

15) VIATEAU V, GUILLEMIN G, BOUSSON V, OUDINA K, HAN-
NOUCHE D, SEDEL L, LOGEART-AVRAMOGLOU D, PETITE
H. Long-bone critical-size defects treated with tis-
sue-engineered grafts: a study on sheep. J Or-
thop Res 2007; 25: 741-749.

16) BOSSE MJ, MACKENZIE EJ, KELLAM JF, BURGESS AR,
WEBB LX, SWIONTKOWSKI MF, SANDERS RW, JONES AL,
MCANDREW MP, PATTERSON BM, MCCARTHY ML, TRAVI-
SON TG, CASTILLO RC. An analysis of outcomes of
reconstruction or amputation after leg-threatening
injuries. N Engl J Med 2002; 347: 1924-1931.


