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Introduction

Oncological diseases are currently one of the main public 
health problems worldwide. Latest data show a constant 
raise of oncological patients it is estimated that in 2022 
there will be more than 2 million cases in the US alone [1]. 
Bone metastases may affect up to 70% of oncological pa-
tients, 20% of which might require an orthopedic interven-
tion [2,3]. The development of systemic oncological treat-
ment results in prolonged lifespan of oncological patients 
– therefore in many cases the presence of bone metastases 
might not indicate a terminal state. The mean survival of 
patients suffering from breast cancer with bone metastases 
is 22-55 months [3]. Therefore, the knowledge and means 
to properly treat a patient with bone metastases can greatly 
affect the patients’ survival and quality of life. 

The bone tissue is the third most common metastatic 
localization – after the lungs and the liver [4]. Bone metas-
tases appear most often in breast cancer in women (70%) 
and prostate cancer (85%) in men. Other are lung cancer 
(40%) and kidney cancer (40%) [5]. Even though long 
bones are not the most common location for neoplasm 
metastases, they can be affected in more than 50% of all 
bone metastases [2]. They can decrease patients’ quality of 
life by causing chronic pain or pathological fractures [6]. 
Interestingly, the distribution of bone metastases is most 
likely due to the presence of bone marrow, which provides 
a favorable environment for the growth of cancer cells [7].

Bone metastases can be divided into 3 groups: osteo-
lytic, osteoblastic, and mixed [8]. Osteolytic lesions are 
characterized by bone destruction which may lead to 
a pathological fracture of the bone [7]. This type of lesion 
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Abstract

Bone metastases are a great challenge in the practice of an orthopedic surgeon. Due to the development 
of oncological treatment, the approach to patients with bone metastases is changing. Previously, these 
patients were treated palliatively, mainly to decrease the pain intensity. However, with appropriate systemic, 
surgical and orthopedic treatment, patients with bone metastases often live for many years. Therefore, 
proper diagnosis and appropriate orthopedic treatment can significantly improve patients’ prognosis.  
On the other hand, poor qualification for surgery and selection of the wrong treatment method contribute 
to shortening the patients’ survival. Hence, knowledge of the diagnosis and qualification of patients for 
surgical treatment is essential in the practice of an orthopedist. In the presented review, the authors 
focused on summarizing the knowledge in the field of diagnostics, qualification for surgical treatment and 
orthopedic treatment methods for patients with bone diaphysis metastases.
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Streszczenie

Przerzuty nowotworowe do kości stanowią duże wyzwanie w praktyce lekarza ortopedy. Rozwój onkologii 
sprawił, że podejście do pacjentów z przerzutami do kości ulega zmianie. Wcześniej chorzy ci leczeni 
byli głównie paliatywnie i przeciwbólowo. Jednakże obecnie przy odpowiednim leczeniu systemowym, 
chirurgicznym i ortopedycznym chorzy z przerzutami do kości przeżywają niejednokrotnie wiele lat. 
Dlatego właściwa diagnoza oraz odpowiednie leczenie ortopedyczne może znacząco poprawić rokowania 
pacjentów. Z drugiej strony zła kwalifikacja do leczenia operacyjnego i dobór złej metody leczenia przyczynia 
się do skrócenia przeżycia pacjentów. Stąd wiedza z zakresu diagnostyki i kwalifikacji chorych do leczenia 
operacyjnego jest niezbędna w praktyce lekarza ortopedy. Autorzy pracy w przedstawionym przeglądzie 
skupili się na podsumowaniu wiedzy z zakresu diagnostyki, kwalifikacji do leczenia chirurgicznego oraz 
metod leczenia ortopedycznego pacjentów z przerzutami do kości długich.

Słowa kluczowe: przerzuty do kości, kości długie, leczenie ortopedyczne, kwalifikacja do leczenia. 
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It allows us to distinguish between osteolytic and osteo-
blastic lesions. We must remember, that despite a high level 
of specificity, the sensibility of finding metastatic lesions is 
not high (ca. 40-55%). Therefore, some of the early-stage 
bone metastases might not be discovered with the use of 
X-Ray [8]. It is worth mentioning that a lesion in the com-
pact bone can be discovered earlier than a lesion in the 
medullary cavity. 

The next examination used in the diagnostic process 
is bone scintigraphy, which compared to an X-Ray has 
a higher sensitivity (62-89%) but a lower specificity [8]. 
This type of imaging is useful in assessing the number of 
metastatic lesions, which then affects the prognosis and de-
termines the choice of treatment. 

Computed Tomography (CT) is especially useful in 
cases where bone scintigraphy shows the presence of a tu-
mor but an X-Ray is unable to assess its characteristic. All 
types of bone metastases are fairly easy to visualize in the 
CT – which results in sensitivity of 70-100% [8,13]. More-
over, a CT scan allows to assess the risk of a pathological 
fracture using the Mirels criteria [16]. Magnetic Resonance 
(MRI) is used mostly in diagnosing metastases in the spine 
and in cases with soft tissue involvement [8]. PET-CT is 
used in patients with unknown primary origin, in assess-
ing the response to treatment and to search for metastases 
in tissues other than the bones [8,17]. It has a higher suc-
cess rate in finding metastatic lesions than bone scintigra-
phy – especially when the primary neoplasm origins from 
the lung and the breast [11,18] (Tab. 1).

Performing a biopsy of a metastatic bone tumor is ad-
vised mostly in neoplasms of unknown primary origin (it 
helps discriminate between primary bone tumors, meta-
plastic and locally malignant lesions) [19]. It means that in 
patients with a diagnosed neoplasm (both active and in re-
mission) when a bone lesion is found, performing a biopsy 
is advised. In some cases, when a neoplasm is diagnosed 
and there are unambiguous radiological findings confirm-
ing a metastatic lesion, a biopsy can be omitted [20,21]. 
The biopsy method varies between oncological centers – 
but an open (surgical) biopsy and core-needle biopsy is 
usually performed [19,22]. It is worth noting here that it 

Table 1. The table presents the advantages and disadvantages of the most frequently used radiological methods in the diagnostic process  
of patients with bone diaphysis metastases

Imaging method Advantages Disadvantages
X-Ray – low costs and high availability

– differentiating between osteolytic and osteoblastic 
lesions

– high level of specificity

– low sensibility
– don’t detect early-stage bone metastases

Bone scintigraphy – highly sensitive
– assessing the number of metastatic lesions

– low specificity
– no differentiation of the osteoblastic process in the bone 

(neoplastic, traumatic or inflammatory)
Computed Tomography – hight sensibility

– good soft tissue and contrast resolution
– allows to assess the risk of a pathological fracture

– radiation dose

PET-CT – hight success rate in finding metastatic lesions in 
bone and other tissues

– allow to assess the response to treatment

– lower accuracy in bone metastasis which are slow 
growing (renal and prostate cancer)

– hight costs

is usually caused by kidney and thyroid cancer, myeloma 
and melanoma [9]. Breast cancer can also present osteolyt-
ic metastases, but in 15-20% of cases a mixed lesion occurs 
[10]. Osteoblastic lesions are characterized by bone re-
modeling and are usually seen in prostate cancer, Hodgkin 
lymphoma and carcinoid [4,8].

Diagnosing bone metastases

Bone metastases are most often suspected in patients with 
a diagnosed neoplasm and complains of bone pains. In 
approximately 30% of patients a metastatic bone tumor 
might be the first symptom of a neoplasm [11-13]. Being 
aware of the usual symptoms is crucial to diagnosing bone 
metastases. 

Among the usual symptoms, the most important is 
bone pain – it is difficult to pinpoint, often occurs during 
nighttime and does not pass after rest [8]. The most com-
mon laboratory finding is hypercalcemia [8,14]. It is most-
ly caused by osteolytic lesions and causes symptoms like 
fatigue, polydipsia, polyuria, constipation, renal failure and 
arrhythmia [8]. Other laboratory irregularities are elevated 
OB, ALP and low PTHrP [15]. It is also worth emphasiz-
ing that hypercalcemia is an unfavorable prognostic factor 
in relation to patient survival [9]. Pathological fractures 
are another common problem among patients with bone 
metastases. They occur in 10-30% of all oncological and 
patients, and the most frequent fracture location is femur 
(over half of all cases) [9]. It is worth emphasizing here that 
long bone fracture is the most common cause of disability 
in cancer patients [8]. The risk of a pathological fracture 
increases with the duration of the involvement of bone me-
tastases. The severity of bone pain is not directly related 
to the risk of fracture, however pain exacerbated by move-
ment appears to be an important factor in predicting an 
impending fracture [4].

Radiological imaging is a key asset in the diagnostic 
process in patients with metastases to the bones. Among 
all radiological methods, due to its accessibility, low cost 
and safety, classical radiography remains the gold standard. 



Chir. Narzadow Ruchu Ortop. Pol., 2022; 87(1) 20-24

22

is recommended that the biopsy and treatment of patients 
with bone tumors, including metastases, should take place 
in referred center [23].

Qualification for a surgical treatment 

The treatment option should always be discussed and de-
cided by an interdisciplinary team. Most of the patients with 
bone metastases will benefit from conservative treatment 
such as chemo- or radiotherapy. In this article we would like 
to focus on the surgical treatment options. Ca. 20% of pa-
tients are eligible for a surgical treatment [3,24]. Determin-
ing which factors to assess while qualifying the patient for 
a surgery is crucial. The most important factors are: the pain 
level, functional assessment, expected survival, the presence 
of a pathological fracture, the osteoblastic/osteolytic char-
acter of the lesion, the histological type of the tumor, the 
number of metastases, the time between the discovery of 
the neoplasm and the discovery of bone metastases[2-4,10]. 
It is worth mentioning that the conservative treatment op-
tions are usually ineffective in easing the pain related to the 
biomechanical insufficiency and instability caused by the 
pathological fractures. Therefore, in such cases a surgical 
treatment is advised [25]. 

The surgical treatment should be planned individually 
and adjusted to the needs and clinical state of the patient. 
The expected survival is a crucial factor. Usually, surgeons 
tend to be overly optimistic when estimating the patients’ 
survival [26]. An inadequate estimation of patients survival 
and therefore choosing a wrong treatment effects in lower 
treatment response, lower patients satisfaction and a higher 
risk of complications and recurrence [27]. Using objective, 
specific scales can help the surgeon choose the right option 
for each patient. While estimating the patients survival, us-
ing a PATHFx online tool (validated by the International 
Bone Metastasis Registry in 2019) and the tool proposed by 
Willeumier JJ et al., can be helpful [28,29]. In the latter, the 
patients are divided into 4 groups: (A) >12 months; (B) 6-12 
months; (C) 3-6 months and (D) <3 months of expected 
survival. While assessing the risk of a pathological fracture 
the Mirels criteria can be useful [30]. Some of the included 
factors are the localization of the lesion, the pain level, the 
character and the size of the tumor. The maximum score 
is 12 points, but a prophylactic stabilization of the affected 
bone is recommended at the score of eight [30]. Another 
tool used while dealing with pathological fractures is the 
Harrington criteria, which suggests stabilizing the bone 
when the size of the lesion is >25 mm, >50% of the compact 
bone is affected and the pain does not succumb despite ad-
ministering radiotherapy [31] (Tab. 2). In most metastatic 
lesions, the presence of a pathological fracture is a negative 
prognostic factor [6,32]. Moreover, its presence reduces 
patients’ quality of life and generates additional costs for 
the health system [33]. Surgical treatment of pathological 

fractures is connected to a higher rate of complications and 
lower functional outcome [32]. Therefore, when the risk of 
a pathological fracture is high (‘impending fracture’), a pro-
phylactic stabilization should be performed.

Table 2. The table presents scales for the assessment of the survi-
val time of patients with bone metastases and for the assessment 
of the risk of pathological fracture.

Scale Study
Patients 
survival

PATHFx v3.0 Anderson AB et al. [28]

Model for Survival 
Estimation for Patients 
with Symptomatic Long 
Bone Metastases

Willeumier JJ et al. [29]

Risk  
of a pathological 
fracture

Mirels criteria Mirels H. [30]

Harrington criteria Harrington KD. [31]

Surgical treatment

Choosing the right surgical method is crucial to achiev-
ing a good post-operational result and high patients’ sat-
isfaction. The goals of surgical treatment are: good func-
tionality, the ability to resume daily activities, durability of 
the fixation (adjusted to patients’ expected survival), pain 
reduction, and eliminating the risk of recurrence [10,25]. 
Current scientific strategy is clear – the longer the expect-
ed survival the more radical surgical approach [25]. When 
dealing with bone metastases there are several surgical 
methods widely used: internal fixation with the help of 
intramedullary nails, plates and/or screws or implanting 
a modular endoprosthesis [10,16,25,34]. Each of the men-
tioned methods has its specific indications and should be 
individually considered for each patient. Now we will pro-
ceed to discuss the use of the listed methods. 

The most popular system of choosing the right surgi-
cal treatment of bone metastases is the Capann and Cam-
panacci system. It includes 4 classes of cases [10]. The an-
alyzed factors are: expected survival, histological type of 
the primary neoplasm, stage of the disease, presence of 
extraosseous metastases, patients general condition and 
function, time between diagnosing the neoplasm and the 
bone metastases, chemo- and radiosensitivity of the tumor. 
The authors recommend a surgical treatment in the first 3 
classes – moreover, in the 1 class they suggest a treatment 
similar to the one used in primary bone neoplasms.

In the case of bone metastases, a surgery is recommend-
ed even if the expected survival is 2-6 weeks [25]. In this 
group a minimally invasive approach – like using an intra-
medullary nail - is recommended. Additional benefits of 
this approach are good stabilization of the bone, relatively 
low blood loss, low cost and rapid recovery to daily activ-
ities [35]. In this method it is important to remember to 
use the maximal available size of the intramedullary nail. 
Moreover the nail should be blocked in two spots – proxi-



23

Dawid Ciechanowicz et al.: Bone diaphysis metastases from the perspective of an orthopedic surgeon – review

mal and distal (in the case of lower extremity two proximal 
and two distal screws are used) [25,34]. A simple, closed os-
teosynthesis (without open curettage) can be considered in 
patients in bad general condition with expected survival of 
less than 3 months [25]. This method allows for a radical 
treatment with excision of the lesion and replacing it with 
bone cement. If this method is used, a more radical surgical 
approach is needed. The bone cement is the most popular 
material for replacing excised bone tissue for several rea-
sons. Among its benefits are: enhanced structural stability, 
rapid recovery and better local control after curettage due to 
its thermic characteristic [36,37]. The drawbacks are longer 
prolonged surgery, a risk of wound healing disorders and 
local bleeding. Using the bone cement requires the use of 
PMMA (PolyMethyl MethAcrylate) of low viscosity, applied 
under minimal pressure. A proper level of patient hydra-
tion is also important – it reduces the risk of fat embolisms 
[37]. Using an intramedullary nail also has its limitations. 
Its durability in treating bone metastases is estimated to be 
12-18 months [10,38]. One of the reasons is the lower heal-
ing potential of bone tissue affected with metastases. Heling 
indications were present in 5-20% of pathological fractures 
caused by metastases [37,39]. The healing potential in bone 
metastases from breast cancer is estimated to be 34% – but 
from lung cancer 0% [40]. Therefore, in patients with ex-
pected survival of >12 months a different stabilization meth-
od should be considered.

Another method used in osteosynthesis in bone metas-
tases to long bones are plates and screws. The plate should 
be long enough to withstand the muscular forces affecting 
the bone. Moreover, the compact bone both proximally 
and distally of the lesion must be of sufficient durability 
and quality [25,34,41]. In this method a radical resection 
with bone cement implantation can also be administered 
[34]. Due to its limitations, stabilizing the bone with plate 
and screws is mostly used in lesions localized in the arm 
and forearm bones [41,42]. Using this method is suggest-
ed in patients with good prognosis and expected survival 
of more than 12 months [10]. The overall implant surviv-
al of megaprostheses was 68% and 52% at 5 and 10 years 
[43]. This method Is especially recommended for patients 
qualified to class 1 according to Capanna [10]. It is worth 
noting that a radical surgical treatment, especially in clear 
cell renal carcinoma achieved by en-bloc resection, results 
in good patients’ survival [44].

Post-operative care focuses mainly on ensuring a rap-
id return to daily activities and preventing complications. 
Especially when using an intramedullary nail to stabilize 
a bone, a quick mobilization of the patient is recommend-
ed. During the surgery and right after it, a prophylactic 
anti-coagulant and antibiotic treatment is recommended 
[37]. If radiotherapy is required as an adjuvant treatment, 
it should be administered after 3-4 weeks after the surgery 
to allow for a full healing of the wound. The use of RTH 
reduces the risk of reoperation from 15 to 3% [45].

Summary

Bone metastases are a multidisciplinary problem which 
requires the cooperation of orthopedic surgeons, radiolo-
gists, oncologists and many others healthcare profession-
als. Even though bone metastases are often an indication of 
an advanced stage, implementing a proper diagnostic and 
therapeutic process can greatly benefit the patient. In met-
astatic lesions in long bones, surgery is especially needed 
when there is pain that can not be dealt with inoperable 
treatment, when there is a pathological fracture or high 
risk of occurrence fracture. Among the methods of sur-
gical treatment of metastases to the bones diaphysis, the 
most frequently chosen are the intramedullary nail, plates 
and screws, as well as modular endoprostheses. However, 
it should be remembered that the method of surgical treat-
ment of patients should always be selected individually

References

1. Siegel RL, Miller KD, Fuchs HE et al.: Cancer statistics, 2022. CA Can-
cer J Clin 2022;72(1):7–33. DOI: 10.3322/CAAC.21708.

2. Coleman RE, Croucher PI, Padhani AR et al.: Bone metastases. Nat 
Rev Dis Prim 2020. DOI: 10.1038/s41572-020-00216-3.

3. Tsagozis P, Forsberg J, Bauer HCF et al.: How Expected Survival In-
fluences the Choice of Surgical Procedure in Metastatic Bone Disease. 
Manag Bone Metastases 2019:49–54. DOI: 10.1007/978-3-319-73485-
9_5.

4. Coleman RE: Metastatic bone disease: clinical features, pathophysio-
logy and treatment strategies. Cancer Treat Rev 2001;27(3):165–76. 
DOI: 10.1053/CTRV.2000.0210.

5. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A: Global 
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries [published correction 
appears in CA Cancer J Clin. 2020 Jul;70(4):313]. CA Cancer J Clin. 
2018;68(6):394-424. doi:10.3322/caac.21492.

6. Saad F, Lipton A, Cook R et al.: Pathologic fractures correlate with 
reduced survival in patients with malignant bone disease. Cancer 
2007;110(8):1860–7. DOI: 10.1002/CNCR.22991.

7. Fornetti J, Welm AL, Stewart SA: Understanding the Bone in Cancer 
Metastasis. J Bone Miner Res. 2018;33(12):2099-2113. doi:10.1002/
jbmr.3618.

8. Macedo F, Ladeira K, Pinho F et al.: Bone Metastases: An Overview. 
Oncol Rev 2017;11(1). DOI: 10.4081/ONCOL.2017.321.

9. Selvaggi G, Scagliotti G V: Management of bone metastases in cancer: 
a review. Crit Rev Oncol Hematol 2005;56(3):365–78. DOI: 10.1016/J.
CRITREVONC.2005.03.011.

10. Capanna R, Campanacci DA: The treatment of metastases in the 
appendicular skeleton. J Bone Joint Surg Br. 2001;83(4):471-481. do-
i:10.1302/0301-620x.83b4.12202.

11. Piccioli A, Maccauro G, Spinelli MS, Biagini R, Rossi B: Bone metasta-
ses of unknown origin: epidemiology and principles of management. J 
Orthop Traumatol. 2015;16(2):81-86. doi:10.1007/s10195-015-0344-
0.

12. Piccioli A: Breast cancer bone metastases: an orthopedic emergency. J 
Orthop Traumatol 2014;15(2):143. DOI: 10.1007/S10195-013-0283-6.

13. Destombe C, Botton E, Le Gal G et al.: Investigations for bone me-
tastasis from an unknown primary. Jt Bone Spine 2007;74(1):85–9. 
DOI: 10.1016/J.JBSPIN.2006.05.009.

14. Maisano R, Pergolizzi S, Cascinu S: Novel therapeutic approaches 
to cancer patients with bone metastasis. Crit Rev Oncol Hematol 
2001;40(3):239–50. DOI: 10.1016/S1040-8428(01)00092-0.

15. Coleman R, Body JJ, Aapro M et al.: Bone health in cancer patients: 
ESMO Clinical Practice Guidelines. Ann Oncol Off J Eur Soc Med 
Oncol 2014;25 Suppl 3:124–37. DOI: 10.1093/ANNONC/MDU103.

16. Molloy AP, O’Toole GC: Orthopaedic perspective on bone metastasis. 
World J Orthop 2013;4(3):114. DOI: 10.5312/WJO.V4.I3.114.



Chir. Narzadow Ruchu Ortop. Pol., 2022; 87(1) 20-24

24

17. Bombardieri E, Gianni L: The choice of the correct imaging modality 
in breast cancer management. Eur J Nucl Med Mol Imaging 2004;31 
Suppl 1(SUPPL. 1). DOI: 10.1007/S00259-004-1541-X.

18. Whelan J, McTiernan A, Cooper N et al.: Incidence and survival 
of malignant bone sarcomas in England 1979-2007. Int J Cancer 
2012;131(4). DOI: 10.1002/IJC.26426.

19. Rutkowski P, Mazurkiewicz T, Kotrych D et al.: Zalecenia postępo-
wania diagnostyczno-terapeutycznego u chorych na pierwotne nowo-
twory złośliwe kości Recommendations for diagnostics and therapy of 
patients with primary malignant bone tumors. Chir Narzadow Ruchu 
Ortop Pol 2016;81(5):183–94.

20. Issack PS, Kotwal SY, Lane JM: Management of metastatic bone dise-
ase of the acetabulum. J Am Acad Orthop Surg 2013;21(11):685–95. 
DOI: 10.5435/JAAOS-21-11-685.

21. Piccioli A, MacCauro G, Rossi B et al.: Surgical treatment of patholo-
gic fractures of humerus. Injury 2010;41(11):1112–6. DOI: 10.1016/J.
INJURY.2010.08.015.

22. Kotrych D, Cichoń E, Ziętek P et al.: Algorytmy postępowania dia-
gnostycznego i terapeutycznego u chorych na nowotwory narządu ru-
chu w ramach Pakietu Onkologicznego w Polsce w latach 2015-2019 
n.d.

23. Goryń T, Pieńkowski A, Komor A et al.: The effects of unplanned sur-
gical intervention on the long-term treatment outcomes of patients 
with osteosarcoma. Chir Narzadow Ruchu Ortop Pol 2019;83(6):229–
35. DOI: 10.31139/CHNRIOP.2018.83.6.45.

24. Wedin R, Hansen BH, Laitinen M et al.: Complications and survival 
after surgical treatment of 214 metastatic lesions of the humerus. J Sho-
ulder Elb Surg 2012;21(8):1049–55. DOI: 10.1016/j.jse.2011.06.019.

25. Ehne J, Tsagozis P: Current concepts in the surgical treatment of ske-
letal metastases. World J Orthop. 2020;11(7):319-327. Published 2020 
Jul 18. doi:10.5312/wjo.v11.i7.319.

26. Lamont EB, Christakis NA: Prognostic disclosure to patients with 
cancer near the end of life. Ann Intern Med 2001;134(12). DOI: 
10.7326/0003-4819-134-12-200106190-00009.

27. Weeks JC, Cook EF, O’Day SJ et al.: Relationship between cancer pa-
tients’ predictions of prognosis and their treatment preferences [pu-
blished correction appears in JAMA 2000 Jan 12;283(2):203]. JAMA. 
1998;279(21):1709-1714. doi:10.1001/jama.279.21.1709.

28. Anderson AB, Wedin R, Fabbri N et al.: External Validation of PA-
THFx Version 3.0 in Patients Treated Surgically and Nonsurgi-
cally for Symptomatic Skeletal Metastases. Clin Orthop Relat Res 
2020;478(4):808–18. DOI: 10.1097/CORR.0000000000001081.

29. Willeumier JJ, van der Linden YM, van der Wal CWPG et al.: An 
Easy-to-Use Prognostic Model for Survival Estimation for Patients 
with Symptomatic Long Bone Metastases. J Bone Joint Surg Am 
2018;100(3):196–204. DOI: 10.2106/JBJS.16.01514.

30. Mirels H: Metastatic disease in long bones: A proposed scoring system 
for diagnosing impending pathologic fractures. 1989. Clin Orthop 
Relat Res 2003;415(Suppl). DOI: 10.1097/01.blo.0000093045.56370.
dd.

31. Harrington KD: Impending pathologic fractures from metastatic 
malignancy: evaluation and management. AAOS Instr Course Lect 
1986;35:357–81.

32. Sevimli R, Korkmaz MF: Analysis of orthopedic surgery of patients 
with metastatic bone tumors and pathological fractures. J Int Med Res 
2018;46(8):3262–7. DOI: 10.1177/0300060518770958.

33. Hechmati G, Cure S, Gouépo A et al.: Cost of skeletal-related events 
in European patients with solid tumours and bone metastases: data 
from a prospective multinational observational study. J Med Econ. 
2013;16(5):691-700. doi:10.3111/13696998.2013.779921.

34. Szczerba P, Guzik G, Bohatyrewicz A, Kotrych D: Bone Diaphy-
sis Metastases, the Ways and Results of Surgical Treatment Sa-
ving the Joints. Ortop Traumatol Rehabil. 2019;21(2):107-115. 
doi:10.5604/01.3001.0013.1914.

35. Arvinius C, Parra JLC, Mateo LS et al.: Benefits of early intramedulla-
ry nailing in femoral metastases. Int Orthop 2014;38(1):129–32. DOI: 
10.1007/S00264-013-2108-X.

36. Nelson DA, Barker ME, Hamlin BH: Thermal effects of acrylic ce-
mentation at bone tumour sites. Int J Hyperthermia. 1997;13(3):287-
306. doi:10.3109/02656739709023537.

37. Scorianz M, Gherlinzoni F, Campanacci DA: Metastases to the Long 
Bones: Algorithm of Treatment. Manag Bone Metastases 2019:93–
102. DOI: 10.1007/978-3-319-73485-9_9.

38. Errani C, Mavrogenis AF, Cevolani L et al.: Treatment for long bone 
metastases based on a systematic literature review. Eur J Orthop Surg 
Traumatol 2017;27(2):205–11. DOI: 10.1007/S00590-016-1857-9.

39. Agarwal MG, Nayak P: Management of skeletal metastases: An or-
thopaedic surgeon’s guide. Indian J Orthop 2015;49(1):83. DOI: 
10.4103/0019-5413.143915.

40. Gainor GJ, Buchert P: Fracture healing in metastatic bone disease - 
PubMed. Clin Orthop Relat Res 1983;178:297–302.

41. Hayashi K, Tsuchiya H: The role of surgery in the treatment of meta-
static bone tumor. Int J Clin Oncol 2022. DOI: 10.1007/S10147-022-
02144-6.

42. De Gori M, D’Arienzo A, Andreani L et al.: Complications and survi-
val of megaprostheses after resection of bone metastases . J Biol Regul 
Homeost Agents 2017;31(4):43–50.

43. Pala E, Trovarelli G, Ippolito V et al.: A long-term experience with 
Mutars tumor megaprostheses: analysis of 187 cases. Eur J Trauma 
Emerg Surg 2021. DOI: 10.1007/S00068-021-01809-7.

44. Ratasvuori M, Wedin R, Hansen BH et al.: Prognostic role of en-bloc 
resection and late onset of bone metastasis in patients with bone-se-
eking carcinomas of the kidney, breast, lung, and prostate: SSG study 
on 672 operated skeletal metastases. J Surg Oncol 2014;110(4):360–5. 
DOI: 10.1002/JSO.23654.

45. Townsend PW, Rosenthal HG, Smalley SR et al.: Impact of postope-
rative radiation therapy and other perioperative factors on outcome 
after orthopedic stabilization of impending or pathologic fractures 
due to metastatic disease. J Clin Oncol 1994;12(11):2345–50. DOI: 
10.1200/JCO.1994.12.11.2345.


