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Abstract We report a radiographic review of 54 consec-
utive patients with 24 impending and 30 actual pathologi-
cal fractures due to metastatic bone lesions in the sub-
trochanteric femoral region. In an attempt to develop crite-
ria for metastatic lesions at risk of fracturing, the follow-
ing variables based on anteroposterior and lateral X-rays
were considered: appearance of the lesion, width of the le-
sion, ratio between width of the lesion and bone width,
length of the lesion, length of cortex involvement, propor-
tion of transverse cortical bone destroyed and local pain.
Nearly all (99%) of the lesions were radiographically clas-
sified as lytic. In 27 cases (50%) they were radiographically
unmeasurable. Maximal longitudinal cortical destruction
showed a difference between patients with an actual or
impending fracture. Prophylactic internal fixation of patho-
logical subtrochanteric fractures due to metastatic lesions
has to be considered in cases of increasing pain. If the
conventional X-ray can not be evaluated, a computed to-
mography (CT) scan has to be considered.

introduction

Malignant metastatic tumour is the most common bone
tumour. The incidence of skeletal metastasis to the femur is
high (30-50%) [1, 2] and rising due to prolonged patient
survival as a result of more effective treatment of visceral
metastases [3]. About 10% of patients with disseminated
breast cancer develop a pathological fracture of the prox-
imal femur [4]. One-third of impending and actual femoral
fractures is located in the subtrochanteric region [5-7].
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Pathological fractures can greatly affect the quality of
life. Prophylactic fixation of impending fractures is gen-
erally preferred over treatment of actual fractures. Quick
relief of pain, earlier mobility, decreased hospital stay and
reduction of operative complications are reported as sig-
nificant advantages [8~10]. As a result, prophylactic fixa-
tion is being increasingly performed. There are three main
accepted principles in assessing femoral fracture risk [9]:
(1) a lytic lesion 25 mm or larger involving the femur; (2)
lytic circumferential cortical destruction of 50% or more;
(3) persistent pain with weight-bearing, despite local ther-
apy. At present, these criteria pervade clinical practice,
despite the fact that several authors have concluded that
pain is not a reliable sign in diagnosing impending frac-
tures [6, 10, 11]. Furthermore, one-half of the standard ra-
diographs is not evaluable, i.e. measurements of radio-
graphic appearance or pathology cannot be evaluated ade-
quately [6, 11-14].

Therefore, there is a need for better criteria for lesions
at risk of fracturing. In an attempt to develop such criteria
for a metastatic lesion, we retrospectively analysed patients
with impending and actual fractures due to metastatic
bone lesions in the subtrochanteric femoral region, paying
special attention to the size of the metastases, involve-
ment of the cortex and bone pain at the site of the lesion.

Materials and methods

Data were collected by reviewing all of the files and radiographs of
54 consecutive patients with 30 impending and 24 actual patho-
logical fractures in the subrochanteric femoral region treated from
1978 to 1990. The criteria of an impending pathological fracture
were: a lytic lesion of 25 mm or more, circumferential destruction
of 50% of more and persistent pain. There were 43 women and 11
men, with a median age of 58 years (range 24-85 years). The pri-
mary tumours were breast in 35 patients, multiple myeloma in 5,
bronchus in 4, kidney in 4, prostate in 2, sarcoma in 2, and other
sites in 2. The median period between the diagnosis of the primary
tumour and actual or impending pathological fracture was 31
months (range 0~193 months). In 28 patients the bone lesion was
located only in the subtrochanteric region. The intertrochanteric
region was also involved in 12 patients and the proximal diaphy-
seal region, in another 14 patients.
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Fig.1 Measurements of size of the metastases of actual and im-
pending pathological subtrochanteric fractures; W width of metas-
tases, B width of bone, H length of metastases, Cy, and C; width of
cortex, Dy, and D; width of cortical destruction, and A, and A, ax-
ial cortical destruction

The anteroposterior (AP) and lateral radiographs were exam-
ined in the following manner by one observer. First, the bone le-
sions were classified as lytic, blastic or mixed (lytic and blastic).
Then the appearance of the lesion as circumscript solitary, circum-
script with multiple foci, or diffuse was recorded. Third, the fol-
lowing measurements of the metastasis were made (Fig.1) {6]:
largest width of the metastasis (W), largest width of bone (B) at W,
largest intramedullary length of the metastasis (H), longitudinal
length of cortex involvement (A), the remaining cortex on the level
of the largest involvement of the corteX (Diegias DPlaeray Panteriors
D posrerior) and the uninvolved cortex below or above the bone lesion

(Cmedials Cla[eral» Canteri0r= Cposterior)- Calculations were made of per-
centage of cortex destruction [P = (1 — (D, + Dy + D, + D)/(C, +
Ci+ C, + C,))*100] and largest ratio between width of the metas-
tasis and width of the bone (W/B). The measurements of the radio-
graph were corrected for the magnification at the rate of 1.2

The Spearman rho test was used for correlation analyses, the
Mann-Whitney test for non-paired analyses of two groups, and the
Fisher exact test for one case in different groups.

Results

Nearly all lesions were radiographically classified as
Iytic; in two patients lytic and blastic (mixed) lesions were
recorded. The radiographic aspect of the lesions was
recorded in 16 patients as solitary, in 23 patients as multi-
ple foci, and in 15 patients as diffuse. However, in 5 cases
no measurements could be made of the AP radiograph and
in 22 cases of the lateral radiograph, due to unidentifiable
margins of the bone involved. In 27 patients (50%) accu-
rate measurements were made.

In the AP view 8 metastases were medial (30%) [(1 —
D,/C) — (1 = DyC) > 1/4], and 11 metastases were cen-
trally located [(1 — D /C,) — (1 = D)/C)) < 1/4). In the lat-
eral view 11 metastases (40%) were located anterior and 7
metastases, posterior. No relationship was found between
the size of the metastases and the histology of the lesion.
There is a significant difference in maximal destruction of
the longitudinal cortex (A) among patients with an actual
or impending fracture (P < 0.05). The other three assess-
ments (W, B, H) showed no significant difference between
the two groups (Table 1).

In the search for lesions at risk we found a ‘cut-off
point’ in several measurements between actual and im-
pending treated patients: maximal longitudinal cortex de-
struction (A) was equal to or greater than 38 mm, in-
tramedullary bone lesion width (W) was equal to or
greater than 30 mm, ratio metastasis width: bone width
(W/B) exceeded 0.9 (Table 2).

At first presentation local pain had occurred in 41 pa-
tients (78%) 14 weeks (median) before fracturing, with a

Table 1 Radiographic measurements of actual (n = 9) and impending (n = 18) fractures are given in median values (range) (A, B, H, W

are visualized in Fig. 1) (*P < 0.05)

Measurements of bone lesion Actual Impending Total

(n=9) (n=18) (n=27)
Width metastases (W) 33 (21-48) 28 (17-50) 30 (17-50)
Length (H) 100 (42-200) 65 (25-150) 75 (25-200)
Ratio: W/width of bone (B) 0.88 (0.5-1) 0.79 (0.2-1) 0.83 (0.2-1)
Maximal longitudinal cortical destruction {(A)* 54 (38-100) 38 (7-125) 42 (7-125)

Transverse cortical destruction

0.37 (0.0-0.71)

0.50 (0.07-0.94) 0.44 (0.0-0.94)

Table 2 Prevalence of radio-
graphic risk factors in actual
(n =9) and impending (n = 18)

fractures. The 95% confiden-
tial limits are given in paren-
theses (*P < 0.005, **P <
0.05)

Risk factors Actual Impending
n=9) (n=18)
Maximal longitudinal cortical destruction = 38 mm* 9 (58-83) 9 (24-59)
Ratio width metastases/width bone = 0.9%* 7 (0.45-0.94) 5 (0.13-0.51)
Maximal width bone lesion > 30 mm** 8 (48-82) 8 (21-55)
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Table 3 Literature review of femoral bore lesions at risk of fracturing

References Total bone Pain Radiogra- Transverse Circum-  Size of Longitu-  Ratio
lesions phic lytic  cortical ferential ~ well- dinal width
(actual aspect bone de-  bone de-  defined cortical metasta-
fractures) struction  struction  lesion destruction ses/bone

Parrish and Marray [17] 109 (103) + Increasing +> 50%

Beals et al. [1] 27 (22) + + + + 225 mm

Fidler [10] 19 (19) - + > 50%

Zickel and Mouradian [5] 46 (35) + Increasing +¢ +

Fidler [19] 87 (32) +>50%

Harrington [9] - (= +2 + +>50% +2=225mm

Miller and Whitehill [18] 136 (15) + + +>25% +2=20mm

Keene et al. [11] 516 (26) - - - - +>7

Menck et al. [6] 69 (69) - +>50% +2>30mm + 2 0.60

Mirels {13] 78 (27)° + Increasing + +>67%

Yazawa [7] 120 (71) + +>50%

Dijkstra (this shely) 54 (19) + Increasing + +2>38mm +>0.9

aDespite radiotherapy
bIncluding pathological humerus fractures

range of between 1 and 220 weeks. In this study approxi-
mately one-third of patients with an impending (11/30) or
actual (9/24) fracture complained of initial pain within 3
months before surgery. However, 6 patients complained
of aggravating pain, of which 5 developed an actual frac-
ture within 2 months (95% confidence 1 units =
57%—-100%; P < 0.05). Pain was not related to tumour his-
tology nor to radiographic measurements.

Discussion

In this selected series nearly all (99%) osseous lesions
were lytic. In contrast, Keene et al. [11] found in non-se-
lected data no difference in fracture rate among lytic, blas-
tic or mixed lesions. Most studies, however, report a
higher fracture risk for lytic osseous lesions [5, 13, 15].
Several investigators have considered the difficulty of ac-
curate measurements of these bone lesions. These data
show that 46%—-60% are evaluable [7, 11]. In the remain-
ing group the margins of bone involvement were not well
enough defined or actual fracture had distorted the geom-
etry of the bone lesions. In our study there was difficulty
in identifying the involvement of the cortex in 50% (27
cases) due to unidentifiable margins of bone involvement.
Controversially, Menck et al. [6] reported no problems in
radiographic evaluation in 69 patients with pathological
femoral fractures. Patient selection and differences in
measurement methods probably explain these contradic-
tory results. If the conventional AP or lateral radiograph is
not evaluable, computed tomography (CT) has been sug-
gested as a diagnostic option [12, 13].

The indications for prophylactic internal fixation, first
described by Griesmann and Schiittemeyer [16], concern
the size and extent of the cortical destruction by metas-
tases and have been controversial since their were pro-
posed (Table 3). Several combinations of criteria have been
suggested: pain, lytic aspect, occult lesion, amount of cor-

¢Qccult lesion

tical destruction, size of well-defined lesion, longitudinal
cortical destruction and ratio: width metastsis/width bone.
The assessment of the percentage of the circumferential
cortical destruction to intact bone is generally regarded as
essential [6, 7, 9, 10, 17-19].

However, there are some arguments to emphasize. Of-
ten it is difficult to radiograph these painful and dysfunc-
tioning limbs, and without radiographic standardization in
two directions, assessment of the circumferential cortical
destruction seems rather questionable. Furthermore, for
therapy purposes alone often only AP radiographs are
taken.

In this study we used a modified formula [P = (1 —
(D + Dy + D, + D)/(Cp, + C + C, + Cp))y*100] suggested
by Hipp et al. [12] to calculate the percentage of de-
stroyed cortical wall thickness to intact cortical wall
thickness from radiographs in two directions. Hipp et al.
[12] considered a 50% reduction in bone strength in an
experimental study of endosteal shaft lesions in dog
femora when 35% cortical destruction had occurred.
Zickel and Mouradian [5] described in a clinical study of
46 impending and actual pathological subtrochanteric
fractures the concept of a ‘high-risk femur’ as a lesion
with (any) involvement of the cortex (Table 3). Keene et
al. [11] and Bremner and Jelliffe [20], on the other hand,
concluded in a clinical study that there is no relationship
between the involvement of the cortex and bone fracture.

Metastatic lesions tend to follow a path of least resis-
tance and therefore commonly occur along the endosteal
surface of long bones without completely penetrating the
cortical wall. Beals et al. [1] described in a small series of
27 cases that a size of more than 25 mm in a well-defined
metastatic lesion has predictive value for bone fracture.
Accurate measurements of 69 actual pathological femur
fractures by Menck et al. [6] indicated that longitudinal
cortical destruction of more than 30 mm has a reliable
predictive value for bone fracture. This is compatible with
our results (38 mm or more). Similarly, in an experimen-
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tal study Frankel and Burstein [21] found that a single
saw-cut of one-fifth of the length of the tibia decreased
torsional energy absorption by 70%, while increasing the
width and maintaining the same length did not further
weaken the torsional strength. This reduction is mainly
due to a redistribution of shear stress in the cross-sectional
bone. In contrast, Clark et al. [22] and McBroom et al.
[23] reported no significant strength reduction by longitu-
dinal cortical destruction.

Although the bone width versus width of the metas-
tases varied greatly in the peritrochanteric region, an in-
tramedullary lesion width of 30 mm or more has predic-
tive value. The introduction of the relative width of bone
metastases in this region seems to be important. Accord-
ing to the findings by Menck et al., the relative width of
the metastases (W/B) has a predictive value for bone frac-
ture (0.9 or more; Table 3).

Many authors mention (increasing) pain as a sign of
impending fracture and as a criterion for prophylactic
surgery (Table 3) [1, 2, 5, 7, 13, 17]. Pre-fracture pain is
reported to occur in 11%—84%, and it seems to be a ques-
tionable criterion for prophylactic surgery [6, 11, 19]. Ac-
cording to our results, pain at first presentation occurred
in a very large time window prior to fracturing. Also, no
differences were found between impending and actual
fractures. No pain was observed in 11 patients (18%).
Therefore, in this series, pain at onset prior to fracture was
not considered a predictive sign. However, if increasing
pain was recorded, an actual fracture followed within 2
months in 5 of the 6 cases. We regard increasing local
pain as an indication for a lesion at risk.

The indications for prophylactic fixation of impending
fractures in the long bones have not been defined clearly,
and the availabele information comes from retrospective
studies. Prospective studies should be performed but are
unfeasible since there are not enough patients. This sug-
gests a role for in vitro experiments.

The risk of pathological fractures is a constant concern
in the management of metastatic disease in long bones. To
prevent an actual pathological fracture, an aggressive ap-
proach to impending fractures is imperative. The high-
risk criteria of impending fractures in metastatic bone le-
sions still have to be defined.

References

1.Beals RK, Lawton GD, Snell WE (1971) Prophylactic internal
fixation of the femur in metastatic breast cancer. Cancer 28:
1350-1354

2.Habermann ET, Sachs R, Stern RE, Kirsch DM, Anderson WG
(1982) The pathology and treatment of metastatic disease ot the
femur. Clin Orthop 169:70-82
3. Albright JA, Gillspie TE, Butaud TR (1980) Treatment of bone
metastases. Semin Oncol 7:418-434
4. Malawer M, Delaney TF (1989) Treatment of metastatic cancer
of the bone. In: Devita VTJ (ed) Cancer: principles and prac-
tices of oncology. Lippincott, New York, pp 2298-2315
5.Zickel RE, Mouradian WH (1976) Intramedullary fixation of
pathological fractures and lesions of the subrochanteric region
of the femur. J Bone Joint Surg [Am] 58:1061-1066
6.Menck H, Schulze S, Larsen E (1988) Metastasis size in patho-
logic femoral fractures. Acta Orthop Scand 59:151-154
7.Yazawa Y, Frassica FJ, Chao EXS, Pritchard DJ, Sim FH,
Shives TC (1990) Metastatic bone disease. Clin Orthop 251:
213-219
8.Dijkstra PDS, Wiggers T, Geel AN van, Boxma H (1994)
Treatment of impending and actual pathological fractures in
patients with bone metastases of the long bones. Eur J Surg
160:535-542
9. Harrington KD (1982) New trends in the management of the
lower extremity metastases. Clin Orthop 169:353-61
10.Fidler M (1973) Prophylactic internal fixation of secondary
neoplastic deposits in long bones. B Med J 1:341-343
11.Keene JS, Sellinger SD, McBeath AA, Engber WD (1986)
Metastatic breast cancer in the femur. Clin Orthop 203 :282—
288
12.Hipp JA, McBroom RJ, Cheal EJ, Hayes WC (1989) Structural
consequences of endosteal metastatic lesions in long bones.
J Orthop Res 7:828-837
13.Mirels H (1989) Metastatic disease in long bones: a proposed
scoring system for diagnosing impending pathologic fractures.
Clin Orthop 14:513-525
14. Cheal EJ, Hipp JA, Hayes WC (1993) Evaluation of finite ele-
ment analysis for prediction of the strength reduction due to
metastatic lesions in the femoral neck. J Biomech 26:251-264
15.Bunting R, Lamont-Havers W, Schweon D, Kliman A (1985)
Pathologic fracture risk in rehabilitation of patients with bony
metastases. Clin Orthop 192:222-227
16.Griesmann H, Schiittemeyer W (1947) Weitere Erfahrungen
mit der Marknagelung nach Kiintscher an der Chirurgischen
Universititsklinik Kiel. Chirurg 17-18:316-333
17.Parrish FF, Murray JA (1970) Surgical treatment for secondary
neoplastic fractures. A retrospective study of ninety-six pa-
tients. J Bone Joint Surg [Am] 52:665-686
18. Miller F, Whitehill R (1984) Carcinoma of the breast metasta-
tic to the skeleton. Clin Orthop 184:121-127
19.Fidler M (1981) Incidence of fracture through metastases in
long bones. Acta Orthop Scand 52:623-627
20.Bremner RA, Jelliffe AM (1958) The management of patho-
logical fracture of the major long bones from metastatic cancer.
T Bone Joint Surg [Br] 40:652
21.Frankel VH, Burstein AH (1965) Load capacity of tubular
bone. In: Kenedi RM (ed) Biomechanics and related bio-engi-
neering topics. Pergamonn Press, Oxford, pp 381-396
22.Clark CR, Morgan C, Sonstegard DA, Matthews LS (1977)
The effect of biopsy hole shape and size on bone strength.
J Bone Joint Surg [Am] 59:213-217
23.McBroom RJ, Cheal EJ, Hayes WC (1988) Strength reductions
from metastatic cortical defects in long bones. J Orthop Res 6
369-378



