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Abstract
Background
This study aimed to determine the prevalence of pathological neck of femur (NOF) fractures
at a tertiary referral hospital through histological examination of specimens in all NOF fracture
patients undergoing hip arthroplasty. A secondary aim was to determine whether the current
practice of sending all femoral heads for histological evaluation, to avoid missing unsuspected
malignancies, is financially warranted.
Methods
A retrospective folder review of patients who underwent arthroplasty for NOF fractures was
conducted. Patients with suspected pathological fractures were managed by the divisional Bone
Tumour Unit while fragility traumatic fractures were managed by the Arthroplasty Unit. All femoral
heads were sent for histological analysis regardless of suspicion of pathological fracture. Quotes
from the public and private sector were sought to determine cost implications of sending femoral
head specimens for histology
Results
A total of 311 patients were included. Of these, 11 patients (4%) had suspected pathological
fractures, with fragility/traumatic fractures being diagnosed in the remaining 300 patients (97%).
Histology results were available for 195 patients (63%), including all the patients with suspected
pathological fractures. No unexpected malignant histological results were observed, while nine
of the suspected pathological fracture group had pathological fractures, confirmed with histology.
Conclusion
Pathological lesions were identified in 3% of patients undergoing arthroplasty for NOF fractures in
our population, which is higher than other reports in the literature. Routine histological screening
of femoral heads to exclude pathological fracture might not be necessary and cost effective, as
pathological lesions can accurately be identified by clinical and radiographic evaluation.
Level of evidence: Level 4
Keywords: femoral head histology, pathological fracture, neck of femur fracture, metastases,
hip arthroplasty

Introduction
Femoral neck fractures pose a significant burden to the healthcare
system in developed and developing countries, with the annual incidence expected to increase in the coming years.1 The reason for
this increase is suggested to be decreasing global mortality rates
and the ageing populations’ subsequent risk for osteoporosis.2
Over 84% of elderly patients with femoral neck fractures are reported to have underlying osteoporosis.3 Osteoporotic or fragility
femoral neck fractures result in significant morbidity and mortality.
Most patients never achieve pre-fracture functional status after
surgical intervention,4 and up to 33% die within the first 12 months
post-operatively.5
A small minority of patients sustain femoral neck fractures
because of underlying pathological lesions.6 Pathological fractures
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may be caused by any bone lesion (benign, primary malignant or
metastatic), but metastatic bone tumours and multiple myeloma
are far more prevalent than other primary bony malignancies in
the elderly population.7 The American Cancer Association expects
around 1.8 million new cancer cases to be diagnosed in 2020.8
There is also a steady decrease in mortality rate of 1.5% per year
in patients with cancer and, as the population’s life expectancy
increases, there is an increased prevalence of bony metastases
with subsequent risk of pathological fractures.9
Breast, thyroid, kidney, lung and prostate primary malignancies
have a predilection for bony metastases, though any primary
malignancy can metastasise to bone.10 The vertebral column is
most commonly affected by bony metastases while the proximal
femur is the most common site for metastases to the appendicular
skeleton.11 This, along with the strong deforming forces across
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the hip joint, disproportionately predisposes the proximal femur to
pathological fractures. Fifty per cent of pathological fractures occur
at the femoral neck, 20% at the intertrochanteric area, and the
remaining 30% in the rest of the femur.11
There are two studies in the English literature documenting
the prevalence of pathological neck of femur (NOF) fractures.
Ramisetty et al., in their review of 2 223 consecutive NOF fractures, conducted in Birmingham, England, reported ten patients
(0.004%) with pathological fractures.6 This figure, however, does
not represent true prevalence as only 90 of the 2 223 patients
in their cohort had histological evaluation. Davis et al. in their
retrospective review at a level 1 trauma centre in California,
United States of America, evaluated 850 consecutive femoral
neck fracture patients, and found no unexpected malignancy in
any of the 466 (54.8%) specimens which were sent for histological
evaluation.12 Similarly, true prevalence of pathological fractures in
this study cannot be deduced as 45.2% of femoral heads were
not sent for histological analysis, and hence missed pathological
fractures cannot be definitively excluded.
True incidence of pathological femoral neck lesions in patients
undergoing elective arthroplasty of the hip, in stark contrast,
has been extensively researched.13-16 However, there is no clear
consensus on whether it is necessary from an economic standpoint
to send all resected specimens for histological examination in
these patients.15,16
The aim of this study was to determine the prevalence of
pathological NOF fractures at a tertiary referral hospital between
2014 and 2016 through histological specimens in all NOF fracture
patients presenting for hip arthroplasty. The secondary aim was to
determine if the current practice of sending all femoral heads for
histological evaluation, to avoid missing unsuspected malignancies,
is warranted, and to explore the financial cost involved.

Methods
A retrospective, observational review of case notes, imaging studies
and histological results of all patients who underwent arthroplasty

for NOF fractures between January 2014 and December 2016 was
conducted.
As per institutional protocol, on admission all patients were divided
into two groups depending on suspicion of pathological or fragility/
traumatic NOF fractures according to clinical and radiographic
findings. Patients with suspected pathological fractures were
subsequently managed by the divisional Bone Tumour Unit
while fragility and traumatic NOF fractures were managed by the
Arthroplasty Unit (Figure 1). Clinical features raising concern of
possible pathological fractures included: i) antecedent hip pain,
ii) atraumatic mechanism of injury and iii) a history of malignancy.
Radiological features suggestive of pathological fractures included
atypical fracture patterns (e.g. transverse fractures with minimal
trauma) or any bony lesions (e.g. lytic, permeative, moth-eaten
lesions) at the fracture site or any other bone on the radiograph.
Patients were identified from records from both units. All patients
that underwent a head-sacrificing procedure were included in the
study while patients who received arthroplasty for reasons other
than NOF fractures and patients treated with internal fixation were
excluded. There was no exclusion for age.
All resected femoral heads were sent for histology regardless
if malignancy was suspected or not (Figure 1) as per our current
standard of care for these fractures. For the fragility/traumatic
fracture group, the type of hip reconstruction following head
resection was selected on an individualised approach but was
based on the National Institute of Health and Care Excellence
(NICE) guidelines. Cognitively sound community ambulators who
are anaesthetically medically fit are offered total hip arthroplasty
over hemiarthroplasty.17
Patients who presented with a suspicious fracture without a
known primary malignant lesion were investigated in order to find
the primary lesion and exclude a primary malignancy of bone and
were then offered surgery. Patients with known metastasis (and
those where the primary malignant lesion causing metastasis was
found) were offered bipolar hemiarthroplasty with long cemented
stems to prevent periprosthetic fracture. Primary implants used
for fragility/traumatic group fractures were the DePuy Johnson
& Johnson Corail Pinnacle system. Primary implants used for

Patients presenting with femur neck fracture

•
•
•
•

Clinical evaluation
History of malignancy or metastases
Constitutional symptoms
Atraumatic mechanism of injury
Antecedent hip pain

Radiological evaluation
Radiological features of pathological/fragility fracture

Suspected pathological fracture

Bone Tumour Unit

Suspected fragility/traumatic fracture

Histology

Arthroplasty Unit

Figure 1. Flow diagram of patients presenting with neck of femur fractures
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pathological fractures were Stryker Exeter V40 long femoral stems
with bipolar hemi-arthroplasty heads.
To determine the financial implications of sending femoral
heads for pathological examination, The National Laboratory
Health Service, which provides histopathological examination for
specimens in the state sector, as well as Pathcare, which services
the private sector, provided quotes in November 2019 of routine
processing of these specimens.
Data was analysed using STATISTICA v13. Continuous demographic data (age) is reported as a mean and standard deviation
together with 95% confidence intervals (CI). Categorical data is
described as frequencies and/or counts.

Results
A total of 311 patients who underwent arthroplasty for NOF
fractures were included in this study. The cohort comprised 215
women (69%) and 96 men (31%) with a mean age of 73.4 years
± 12.6 (95% CI 72–74.).
A total of 11 of 311 patients (4%) were admitted with suspected
pathological fractures, based on clinical and/or radiological
suspicion with fragility/traumatic fractures being diagnosed in the
remaining 300 patients (97%). Histology results were available
for 195 patients (63%) including all of the patients with suspected
pathological fractures, and 184 of the suspected traumatic/fragility
fractures.
Nine of the suspected 11 patients were histologically confirmed
to have a malignancy (Table I), all of which were secondary to
metastatic disease or multiple myeloma, with no primary sarcomas
diagnosed. Of these, four out of nine (44%) patients presented with
an unknown primary malignancy and required a thorough clinical
examination and basic haematological (tumour markers, myeloma
workup) and radiological (CT chest/abdomen/pelvis) investigations
to identify the primary malignancy prior to surgery. The histology
from the resected femoral specimens for these patients confirmed
the respective primary malignancy after initial workup.
Breast and lung carcinoma were the most common source
of the primary malignancies, accounting for six of the nine
pathological fractures (three each). Multiple myeloma, renal and
prostate carcinoma accounted for the other three patients (Table I,
Figure 2).
The first of the two suspected pathological fracture patients who
did not have a pathological lesion on histology was a 68-yearold male known with prostate cancer and who had a suspicious
femoral neck lytic lesion on radiographs, not in keeping with the
blastic metastasis usually associated with prostate cancer. After
MRI (hip), CT (chest, abdomen and pelvis) and bone scan were
non-contributory, the lytic lesion was biopsied to exclude a primary
bony sarcoma or second primary malignancy. The biopsy showed

no signs of pathological fracture and he subsequently received
a total hip replacement. Histological evaluation of the resected
femoral head confirmed the absence of any pathological lesions.
The second patient was a 47-year-old HIV-positive female
with a large breast mass with skin involvement. This was her
index presentation to any healthcare facility for the breast mass.
Radiographs revealed a subcapital NOF fracture and suspicious per
trochanteric lytic lesion. She was assumed to have a pathological
fracture secondary to metastasis from breast cancer and hence
received a long-cemented stem bipolar hemiarthroplasty. Biopsy of
the breast mass was done concurrently, and she was subsequently
discharged to the care of the breast surgical oncology unit for
further management. The breast biopsy confirmed malignancy
(invasive carcinoma); however, histology of the femoral head did
not show any pathology.
Three of the nine (33%) patients with pathological fractures
presented with antecedent hip pain, five (56%) with a known
primary malignancy, three (33%) with known metastatic disease,
and two (22%) with an atraumatic mechanism of injury. All nine
patients had radiographic features of pathological fractures
(Figure 3).
Histological results were available for 184 (of 300) patients in
the fragility/trauma group. There were no unexpected malignant
histological results found in this group. In 116 patients no

Myeloma
11%

Prostate
11%

Breast
33%

Renal
11%

Lung
33%

Figure 2. Percentage of primary malignancies responsible for metastatic
lesions

Table I: Patients with pathological findings on histology
Age
(years)

Sex

Known
primary

Known
metastases

X-ray features of
malignancy

Atraumatic
mechanism of injury

Antecedent
hip pain

65

Female

No

No

Lytic

No

No

Metastatic lung carcinoma

67

Female

No

No

Sclerotic

Yes

No

Metastatic lung carcinoma

75

Female

Yes

Yes

Permeative

No

No

Metastatic breast carcinoma

54

Female

Yes

Yes

Lytic

No

Yes

Metastatic breast carcinoma

Histology results

51

Female

No

No

Permeative

No

Yes

Metastatic lung carcinoma

87

Male

Yes

No

Sclerotic

No

No

Metastatic prostate carcinoma

54

Female

No

No

Lytic

No

No

Multiple myeloma

72

Female

Yes

Yes

Lytic

No

No

Metastatic renal carcinoma

54

Female

Yes

No

Lytic

Yes

Yes

Metastatic breast carcinoma
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presentation due to health-seeking behaviour18 and
lack of comprehensive screening programmes for
cancer;19 hence the delay in treatment, increasing
the prevalence of metastatic disease in the South
African context. The patients with pathological
fractures presented at a younger age (mean
63 years) than those with fragility fractures (mean
73 years), and this should be considered when
treating these patients.
In view of the fact that there were no missed
pathological fractures, and that nine of 11 patients
with pathological lesions were correctly identified
on clinical features and radiographic findings in
our series, sending all femoral heads routinely
seems unnecessary. Almost half of the pathological
fractures in the current series presented without a
known primary malignancy, and in all these cases
the primary was preliminarily identified using
Rougraff et al.’s20 rudimentary diagnostic approach
comprising basic blood tests and a computed
tomography scan of the chest, abdomen and
pelvis. Three of the four unknown primary tumours
were of lung origin, in keeping with the nature of
bronchogenic malignancies as they have few
clinical symptoms initially and metastasise early,
Figure 3. Anteroposterior radiographs of patients from our study presenting with pathological
with metastatic lesions often the first manifestation
fractures with the source of the primary malignancy denoted below each image
of the disease.21 There were no pathological
fractures due to bony sarcomas consistent with the
rarity of primary malignant bony lesions in elderly
histological results could be found. The reason these 116 excised
22 All four patients who presented with metastases of an
patients.
femoral heads were not histologically analysed as per institutional
‘unknown primary’ had a first histological diagnosis made on their
protocol was difficult to define retrospectively. Lost specimens,
femoral head specimens, as this preceded biopsy from the area of
problems with transport of specimens from theatre to the pathology
primary malignancy. This highlights the importance of pathological
lab, human error, resulting in the specimens not being ordered are
examination of the femoral heads from suspected lesions.
all considerations.
There is controversy in the literature regarding the use of
All but one of the patients with pathological fractures were treated
short uncemented or longer cemented stems for patients with
with a long-cemented stem bipolar hemiarthroplasty. This patient
pathological fractures. Short uncemented stems weigh the risk of
returned two weeks post-surgery with a periprosthetic fracture
prosthetic loosening or periprosthetic fracture in the future, with the
below the implant that required revision. There was no major intraimmediate risk of intra-operative haemodynamic instability or death
operative or immediate post-operative morbidity or mortality related
with bone cement implantation syndrome associated with longer
to cementation in patients who received long cemented stems for
cemented stems.11,22 In the current series we did not experience
pathological fractures.
any cementation-related complications in patients who received
The approximate cost of a single femoral head histological
long cemented stems for pathological fractures.
examination in the private healthcare sector and the state
A secondary aim was to determine the cost implications of
healthcare system was ZAR 1 956 (US$ 134) and ZAR 540
sending all femoral heads for histological evaluation. In this
(US$ 37) respectively.
study, femoral head histology (n=195) amounted to between
ZAR 105 300 (US$ 7 274) and ZAR 381 420 (US$ 26 322) over
Discussion
the three-year period. As we were able to accurately exclude
malignancy using clinical and radiographic criteria, sending only
The aim of the study was to establish the prevalence of pathological
the suspicious femoral heads (n=11) for histological examination
fractures at our institution and to determine the financial implications
would have resulted in a reduced cost of between ZAR 99 360
of sending all femoral heads for histological examination.
(US$ 6 864) and ZAR 359 904 (US$ 24 838). As femoral neck
The first main finding of this study was that all pathological
fracture incidence is increasing globally,1 and considering financial
femoral neck fractures were secondary to metastatic disease and
constraints on the healthcare system, judicious use of resources
represented 3% of patients in the total cohort (9 of 311), or 5% (9 of
is imperative. Subsequently, the findings of this study confirm the
195) of those with confirmed histology findings. This is considerably
recommendation that clinicians should consider sending only the
higher than that reported by Davis et al. (0.9%)12 and Ramisetty et
suspected pathological fractures for histological evaluation.
al. (0.45%).6 No conclusive reason can be given for this disparity
The limitations of this study include its retrospective nature
in prevalence without further comparative studies. It could be
and the fact that not all femoral heads were sent for pathological
explained by the lower number of femoral heads sent for histological
examination. We are therefore not able to definitively exclude
examination (52% and 4% respectively), perhaps resulting in
pathological fractures for all patients, although we report a higher
percentage than previous studies.
missed pathological fractures. More likely, it represents the delayed
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Conclusion
Pathological lesions were identified only in a small percentage
of patients undergoing arthroplasty for NOF fractures in our
population, albeit higher than other studies in the literature. Routine
histological screening of femoral heads to exclude pathological
fracture might not be necessary, as pathological lesions can
accurately be identified by clinical and radiographic evaluation.
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