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ABSTRACT

BACKGROUND: Although conventional and metastatic femoral neck fractures (FNF) represent distinct patient populations in
routine clinical practice, treatment management is generally similar for both groups. Systematic treatment approaches for FNF are cur-
rently used and supported by clinical guidelines; however, patients with metastatic FNF are generally managed according to treatment
protocols developed for conventional FNF. The aim of this study was to determine whether the treatment strategy for conventional
FNF is effective for patients with metastatic FNF.

METHODS: This retrospective study included 185 patients diagnosed with conventional FNF and 71 patients with metastatic FNF
who underwent endoprosthetic reconstruction at a nationwide tertiary orthopedic oncology center. The primary outcome measures
were patient- and hospital-related factors potentially affecting survival in the two groups. Secondary outcomes included complications
such as thrombotic events, decubitus ulcers, and erythrocyte transfusion requirements.

RESULTS: Patients with metastatic FNF had significantly lower survival rates (p=0.021), higher rates of complications including throm-
botic events (p=0.030) and decubitus ulcers (p=0.029), longer operative times (p<0.001), greater perioperative blood loss (p<0.001),
and increased erythrocyte transfusion requirements (p<0.001). Compared with the conventional FNF group, metastatic FNF patients
also had longer preoperative and postoperative hospital stays (p<0.001) and delayed postoperative mobilization (p=0.017).

CONCLUSION: Although treatment management for conventional femoral neck fractures has been standardized in orthopedic
practice through established algorithms, these protocols do not adequately address the needs of patients with metastatic femoral neck
fractures, who experience higher complication rates and lower survival.
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INTRODUCTION tasis in the appendicular skeleton and accounts for 50% of

proximal femoral metastases.>”] A metastatic femoral neck
Metastasis occurs most frequently in the skeletal system  fracture (FNF) indicates advanced-stage cancer with distant
because of slower blood flow and a favorable microenviron-  organ involvement and a complex disease burden.®”) In ad-
ment.'? The femoral neck, a major stress-bearing region  dition to complications caused by the primary malignancy,
under axial loading, is also the most common site of metas- these patients face functional limitations resulting from loss
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of mobility. Advances in targeted anticancer therapies have
improved survival outcomes for cancer patients;!® conse-
quently, optimizing and standardizing treatment pathways for
this population has become increasingly important.

Conventional FNF is associated with high morbidity and
mortality and predominantly affects the geriatric popula-
tion, placing a substantial burden on orthopedic services and
healthcare systems.”! Management strategies for conven-
tional FNF have been extensively investigated and supported
by evidence-based guidelines.''"! However, most studies
have focused on improving outcomes in conventional FNF
and few have directly compared metastatic and conventional
FNF. Although patients with conventional and metastatic FNF
represent fundamentally different populations before fracture
occurrence, their treatment pathways become largely similar
after presentation. Patients with metastatic FNF are generally
managed according to treatment algorithms developed for
conventional FNF. Following hospital admission, diagnosis is
established through comparable imaging and physical exami-
nation protocols, followed by a period of immobilization that
exposes both groups to similar risks. Endoprosthetic recon-
struction is the preferred surgical treatment in both popula-
tions.l'?"3] The principal treatment goals are restoration of
ambulation and effective pain control, followed by postopera-
tive physiotherapy and outpatient follow-up. Because these
management pathways were primarily standardized for con-
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ventional FNF, they may not adequately address the specific
needs of metastatic patients.

The aim of this study was to determine whether treatment
management developed for conventional FNF is sufficiently
applicable to metastatic FNF and, if not, to identify potential
deficiencies. Therefore, factors affecting morbidity and mor-
tality in patients with conventional and metastatic FNF were
evaluated and compared between groups.

MATERIALS AND METHODS

Patient Selection and Study Design

This retrospective study was conducted at a tertiary-level
trauma and oncology center between 2011 and 2021 and
included 299 patients who underwent surgery for femoral
neck fracture. Patient data were retrieved from the hospital
information system, orthopedic oncology records, and physi-
cian and nursing documentation completed during inpatient
care. Exclusion criteria included bilateral fractures, total hip
arthroplasty, internal fixation procedures, reoperation dur-
ing hospitalization, incomplete records, and revision cases
referred from another institution. After exclusions, data from
I85 patients in the conventional group and 71 patients in the
metastatic group were analyzed. Inclusion and exclusion cri-
teria and the final study cohort are presented in Figure |

Patients admitted between 2011 - 2021
and diagnosed as a FNF

T

206 Conventional

-Reconstructed with hemiarthroplasty

2 patients
excluded because of
insufficient medical data

93 metastatic

-Reconstructed with hemiarthroplasty
or proximal femoral resection prothesis

5 patients
excluded because,
their initial treatment conducted
in another hospitals

- Bilateral cases

Exclusion criteria

- Another operation during the hospitalisation
- Undergoing internal fixation or total hip reconstruction

185 patients

71 patients

(17 impending fractures included)

Figure 1. Flowchart of patient selection according to the inclusion and exclusion criteria. FNF: Femoral neck fracture.
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Figure 2. Representative case of a patient diagnosed with lung cancer with bone lysis extending into the trochanteric region. Reconstruc-

tion was performed using a resection prosthesis.

(flowchart), which details all exclusions and final sample sizes.

Variables evaluated included age, sex, overall survival, an-
esthesia technique (general or regional), reconstruction
method (hemiarthroplasty vs. resection prosthesis), Ameri-
can Society of Anesthesiologists (ASA) score, preoperative
C-reactive protein (CRP), albumin level, body mass index,
preoperative waiting time, operative duration, perioperative
blood loss, postoperative erythrocyte transfusion, length of
postoperative hospitalization, time to mobilization, postop-
erative intensive care unit admission, and occurrence of deep
vein thrombosis (DVT), wound complications, implant failure,
decubitus ulcers, and lower urinary tract infection.

Ethics approval was obtained from the Marmara University
Institutional Review Board (decision no. 09.2023.262; dated
03.02.2023). Informed consent was obtained from all patients
in accordance with institutional requirements for patient and
public participation. All procedures complied with the prin-
ciples of the Declaration of Helsinki.

Patient Management Approach

Upon admission, all patients were provided with air mattress-
es and anti-embolic stockings. Low-molecular-weight heparin
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(LMWH) prophylaxis was administered according to current
guideline recommendations for conventional FNF manage-
ment.l' Following initial evaluation, standard anteroposte-
rior (AP) pelvic radiographs were obtained for all patients in
the conventional group, and computed tomography (CT) was
performed for fractures extending into the subtrochanteric
region. For patients in the metastatic group, pelvic CT and
magnetic resonance imaging (MRI) were routinely performed
following AP pelvic radiography.l'! Thoracic and abdominal
CT imaging was also performed to evaluate the primary ma-
lignancy in patients presenting with fracture and a concurrent
cancer diagnosis.

Patients in the metastatic group were assessed by a multidis-
ciplinary oncology board to determine surgical planning and
adjuvant treatment strategies, including chemotherapy and
radiotherapy. In patients with pathological fractures in whom
the primary lesion could not be identified and primary bone
malignancy was suspected, closed biopsy under fluoroscopic
guidance was performed, and definitive surgery was planned
after histopathological confirmation. When metastatic in-
volvement and bone lysis extended from the femoral neck
into the trochanteric region, reconstruction was performed
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Figure 3. Representative case of a patient diagnosed with sclerosing epithelioid fibrosarcoma who underwent reconstruction with hemi-
arthroplasty.

using a resection prosthesis (Fig. 2). In patients without ra-
diological evidence of metastatic extension, reconstruction
was performed with hemiarthroplasty (HA), similar to the
approach used for conventional FNF patients, and standard
trauma surgery protocols were followed (Fig. 3).

Postoperative Evaluation

Postoperative pain control, wound monitoring, urine output
assessment, and hemogram testing were routinely performed
at the sixth postoperative hour. A hemoglobin level of <7
g/dL was considered an indication for postoperative trans-
fusion, whereas transfusion was initiated at a hemoglobin
level of <8 g/dL in patients with cardiac symptoms.['") LMWH
prophylaxis was initiated preoperatively, resumed at the
12th postoperative hour, and continued throughout hospi-
talization in accordance with current guidelines.l' Hemovac
drains were removed when daily drainage output was <50
cc. Postoperative antibiotic prophylaxis with cefazolin was
administered for 24 hours.l'¥! Active and passive quadriceps
exercises were initiated for all patients after the 12th postop-
erative hour, and mobilization with walker support under the
supervision of a physiotherapist was planned beginning at 24
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hours postoperatively. Patients who were unable to tolerate
mobilization received daily physiotherapy-assisted exercises
until mobilization was achieved.

Statistical Analysis

Data were analyzed using IBM© SPSS software, version 26
(Chicago, IL, USA). Categorical variables were compared
between the conventional and metastatic groups using the
Chi-square test. Normality of data distribution was assessed
using the Kolmogrov—-Smirnov and Shapiro—Wilk tests. The
independent samples t-test and one-way analysis of variance
(ANOVA) were used to compare variables that met the as-
sumption of normality, whereas the Mann—Whitney U test
was used for variables that were not normally distributed.
Associations between variables were examined using Pearson
and Spearman correlation analyses. Kaplan—Meier survival
analysis was performed to evaluate survival according to cat-
egorical variables. To identify independent predictors of ma-
jor postoperative complications (including thromboembolic
events and pressure ulcers), multivariable logistic regression
analysis was performed. The dependent variable was the
presence of major complications (binary outcome). Indepen-
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Table I. Patient characteristics and clinical outcomes

Parameter Conventional Metastatic P
(n=185) (n=71)

Age 774 (8.5) 60.5 (14.3) <0.00 |#**
Sex 0.087*

Female 108 (58.4) 33 (46.5)

Male 77 (41.6) 38 (53.5)
BMI 0.719%

Underweight 7 (3.8) 2 (2.8)

Normal weight 82 (44.3) 35 (49.3)

Overweight 51 (27.6) 21 (29.6)

Obesity class | 44 (23.8) 12 (16.9)

Obesity class Il 1 (0.5) I (1.4)
ASA score <0.001*

= 89 (48.1) 0 (0)

I 73 (39.5) 59 (83.1)

v 23 (12.4) 12 (16.9)
Anesthesia technique 0.141*

General 126 (68.1) 55 (77.5)

Regional 59 (31.9) 16 (22.5)
Preoperative CRP (mg/dL) 2| (6-44.5) 24 (9-64) 0.040%*
Preoperative albumin (g/L) 32.7+6.9 30.6+6.8 0.036%**
Preoperative waiting time (days) 3 (24) 4 (2-8) <0.00**
Operative duration (min) 112£22 14737 <0.00 | #¥*
Perioperative blood loss (cc) 320+148 516299 <0.00 | #**
Postoperative erythrocyte transfusion 29 (15.7) 30 (42.3) <0.001*
Postoperative hospital stay (days) 5 (4-8) 9 (7-11) <0.001**
Time to mobilization (days) 3 (24) 3 (2-5) 0.017%*
Postoperative ICU admission 73 (39.5) 27 (38) 0.834*
Wound complications 3(1.6) 2 (2.8) 0.619*
Implant failure Il (5.9) 4 (5.6) 0.924*
DVT 4(2.2) 6 (8.5) 0.030%*
Decubitus ulcers 9 (4.9) 9 (12.7) 0.029*
Lower urinary tract infection 8 (4.3) 3(42) 0.972*

*Chi-square test (n (%)); **Mann-Whitney U test (median (QI1-Q3)); **Student’s t-test (meantstandard deviation). DVT: Deep vein thrombosis; ICU:

Intensive care unit; ASA: American Society of Anesthesiologists; BMI: Body mass index.

dent variables entered into the model included fracture etiol-
ogy (conventional vs. metastatic), age, time to mobilization
(days), and operating time (minutes). Variables were selected
a priori based on clinical relevance and previous hip fracture
literature. Odds ratios (ORs) with 95% confidence intervals
(Cls) were calculated. Bonferroni and Tamhane's T2 correc-
tions were applied for analyses requiring post hoc testing.
Statistical significance was defined as p<0.05 for all analyses.
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RESULTS

During the study period, 256 patients who underwent surgi-
cal treatment for femoral neck fracture were evaluated. After
application of the inclusion and exclusion criteria, 185 pa-
tients in the conventional group and 71 patients in the meta-
static group were included in the final analysis (Fig. I).

The conventional group (n=185) consisted predominantly of

831



Diagnosis
M Lung Ca
MBreast Ca
HWRCC
M Prostate Ca
Myeloma
M Thyroid Ca
Colon Ca
M Bladder Ca
M Seminoma
WMPNST
I Synovial sarcoma
Sclerosing epithelioid
fibrosarcoma

Figure 4. Pie chart showing the distribution of patients according to
primary cancer diagnosis.

female patients (p>0.05) and was significantly older than the
metastatic group (p<0.001). In contrast, the metastatic group
(n=71) demonstrated a balanced sex distribution. Among
metastatic patients, the most common primary malignancies
were lung cancer (n=26) and breast cancer (n=18), followed
by prostate cancer, renal cell carcinoma (RCC), myeloma,
thyroid cancer, bladder cancer, seminoma, malignant periph-
eral nerve sheath tumor (MPNST), colon cancer, synovial sar-
coma, and sclerosing epithelioid fibrosarcoma (Fig. 4).

Patients in the metastatic group had higher ASA scores
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(p<0.001), lower preoperative albumin levels (p=0.036), and
higher CRP levels (p=0.040). Preoperative (p<0.001) and
postoperative hospital stays (p<0.001) were longer, and time
to postoperative mobilization was delayed (p=0.017). Opera-
tive duration was longer in the metastatic group (p<0.001),
accompanied by greater perioperative blood loss (p<0.001),
higher rates of thromboembolic events (p=0.030), and in-
creased postoperative transfusion requirements (p<0.001).
Patients in the metastatic group were also at greater risk of
developing pressure ulcers (p=0.029), and survival was sig-
nificantly shorter among patients who developed pressure
ulcers (p<0.001). Additional comparative data are presented
in Table |. Multivariable logistic regression analysis, including
fracture group (conventional vs. metastatic), age, time to mo-
bilization, and operating time, demonstrated that metastatic
fracture etiology was independently associated with the de-
velopment of major postoperative complications (OR 4.77,
95% Cl1 2.07-10.98, p<0.001). Age, time to mobilization, and
operating time were not independent predictors.

Within the metastatic group, 40 of 7| patients underwent
reconstruction with a resection prosthesis, whereas the re-
maining 3| patients underwent hemiarthroplasty. The pro-
longed operative time and increased perioperative blood loss
observed in the metastatic group were primarily attributable
to patients treated with resection prosthesis. No significant
difference in survival was detected between patients treat-
ed with hemiarthroplasty (HA) and those treated with tu-

Survival Functions

1.0

0.8

0.6 L

Cum Survival

0.0

Group
1 Metastatic
11 Conventional
Metastatic-censored
—— Conventional-censored

0 20 40 60 80
Months

100 120 140

Figure 5. Kaplan—Meier analysis showing cumulative survival distributions of the groups.

832

Ulus Travma Acil Cerrahi Derg, July 2026, Vol. 32, No. 7



Akglin et al. Metastatic vs. conventional femoral neck fractures

mor resection prosthesis (TRP) within the metastatic group
(p>0.05). Comparison of survival outcomes between the
conventional and metastatic FNF groups demonstrated no
significant differences at | month or 3 months postopera-
tively. However, at one year, survival was significantly lower in
the metastatic group (p=0.021) (Fig. 5).

DISCUSSION

Although metastatic femoral neck fractures are known to be
associated with higher complication and mortality rates than
conventional FNF, they remain underrepresented in the lit-
erature. The findings of the current study demonstrated that
patients with metastatic fractures experienced more postop-
erative complications, longer hospital stays, and lower survival
rates. Based on these findings, treatment algorithms devel-
oped for conventional FNF cannot be considered fully appro-
priate or comprehensive for patients with metastatic FNF

Unlike many other fracture types, patients with FNF often re-
main completely immobilized during the preoperative period.
Early postoperative mobilization is therefore critical following
the additional physiological stress imposed by surgery. In the
current study, patients in the metastatic group required a lon-
ger time to achieve mobilization and experienced higher rates
of DVT and pressure ulcers, both of which have been as-
sociated with prolonged immobility.l'’! Previous studies have
similarly reported increased rates of complications, including
thromboembolic events and pressure ulcers, among patients
with metastatic femoral neck fractures, emphasizing the com-
bined effects of advanced oncological disease and prolonged
immobilization on postoperative outcomes.[*'*] Furthermore,
multivariable logistic regression analysis demonstrated that
metastatic fracture etiology was an independent predictor of
major postoperative complications, even after adjustment for
age, time to mobilization, and operative duration. Patients
with metastatic femoral neck fractures had significantly higher
risk of complications than those with conventional fractures.
In contrast, age, delayed mobilization, and longer operative
time were not identified as independent predictors in the
adjusted model. These findings suggest that the increased
complication rate observed in metastatic patients is primarily
related to the underlying oncological disease process rather
than perioperative or demographic factors alone. This result
supports the concept that patients with metastatic femoral
neck fractures represent a distinct high-risk population and
may require tailored perioperative management strategies
beyond standard hip fracture protocols.

The higher frequency of thromboembolic events in meta-
static patients may be explained by both modifiable and non-
modifiable mechanisms. The direct adverse effects of adjuvant
anticancer therapies may contribute to this increased risk.['®
In addition, direct and indirect activation of the coagulation
cascade by circulating cancer cells and the mediators they
release further increases thrombotic susceptibility.!'”! There-
fore, postoperative physiotherapy may need to be imple-
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mented more aggressively in metastatic patients, and close
monitoring for pressure ulcers should be considered. Com-
bining pharmacological and mechanical methods, including
anti-embolism stockings and pneumatic compression devices,
may help reduce postoperative complications. Furthermore,
LMWH dosing strategies may require reassessment in future
studies. Although standard thromboprophylaxis regimens are
currently administered according to hip fracture guidelines,
recent evidence suggests that cancer patients may remain at
elevated thrombotic risk despite guideline-based prophylaxis,
highlighting the need for closer surveillance and individualized
thromboprophylaxis strategies in patients with metastatic
femoral neck fractures.[02'!

Kim et al.? reported that elevated CRP levels in patients
with hip fractures were associated with increased mortality.
In the current study, lower survival was observed among pa-
tients with higher CRP levels in both groups, and patients in
the metastatic group had higher CRP values overall. A CRP is
a non-specific marker, elevated levels may reflect the burden
of the primary malignancy.”®! Consistent with these findings,
survival analyses of patients with skeletal metastases have
demonstrated that bone involvement is primarily an indicator
of advanced-stage disease and reduced life expectancy rather
than a fracture-specific prognostic factor.?**1 Nevertheless,
these patients should be monitored carefully for thromboem-
bolic events, nosocomial infections, urinary tract infections,
and related complications.

Bone metastasis is generally considered an indicator of ad-
vanced-stage cancer. Consequently, patients with end-stage
malignancy are often expected to exhibit cachexia.”” How-
ever, contrary to expectations, no significant difference in
body mass index (BMI) values was observed between the
conventional and metastatic groups in the current study. This
finding may reflect earlier diagnosis and treatment resulting
from advances in diagnostic techniques.

Despite greater perioperative blood loss and longer opera-
tive duration, no significant survival difference was observed
between patients in the metastatic group treated with resec-
tion prosthesis and those treated with HA. Angelini et al.]
reported that endoprosthetic reconstruction as a reliable
treatment method for proximal femoral metastases.Based on
the findings of the current study, resection prosthesis appears
to be an appropriate reconstructive option for patients with
femoral neck fractures and metastatic extension into the tro-
chanteric region, as it may reduce the risk of prosthetic loos-
ening caused by tumor progression. Moreover, this approach
facilitates early weight-bearing, which is critical for functional
recovery in this patient population.

In the conventional group, survival decreased significantly
as preoperative waiting time increased; however, this asso-
ciation was not observed in the metastatic group. Similarly,
Varady et al.?®! reported no correlation between prolonged
preoperative waiting time and mortality.lt may be recom-
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mended that the preoperative waiting period be shortened
as much as possible for both groups. However, in patients in
the metastatic group, neoadjuvant treatments and oncologi-
cal follow-up should be completed through a multidisciplinary
approach during the preoperative period.

This study has certain limitations, the primary one being its
retrospective design. Another limitation is the heterogene-
ity of primary malignancies among metastatic patients, which
prevented subgroup analyses. An additional limitation was the
absence of cause-specific mortality data and standardized on-
cologic prognostic scores, such as the Katagiri classification,
precluding the use of competing-risk regression models for
survival analysis. In oncologic populations, mortality related
to advanced malignancy may act as a competing event and
influence survival estimates. Competing-risk approaches may
therefore provide additional insight into survival outcomes in
metastatic femoral neck fracture patients. Future prospec-
tive studies incorporating standardized oncologic prognostic
scoring systems and detailed cause-of-death data are needed
to enable more robust survival modeling.

The study was conducted at a tertiary orthopedic oncology
center that serves both as a regional referral center for trau-
ma patients and a national referral center for bone and soft
tissue malignancies. This referral pattern contributed to the
relatively high proportion of metastatic patients within the
study population. A major strength of the study is that both
surgical procedures and clinical management were performed
by the same orthopedic oncology team using standardized
treatment approaches, thereby increasing consistency across
patient care.

CONCLUSION

Patients undergoing treatment for metastatic femoral neck
fractures should be monitored more closely for thrombo-
embolic events and pressure ulcers than patients with con-
ventional FNFs. More intensive postoperative physiotherapy
protocols may improve functional recovery and potentially
contribute to better survival outcomes. However, additional
clinical studies are required to establish standardized treat-
ment strategies for this patient population, particularly in
the context of evolving surgical techniques and advances in
oncological care accompanying the growing cancer patient
population.
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ORIJINAL CALISMA - 0Z

Ayni lokasyon farkli hastalar: Metastatik ve konvansiyonel femur boyun kirigi hastalarinin
kargilagtirilmasi

AMAC: Konvansiyonel ve metastatik femur boyun kiriklari (FBK), klinik uygulamada farkli hasta gruplarini olustursa da, tedavi yonetimi siklikla
benzer sekilde ilerlemektedir. Giincel kilavuzlar dogrultusunda sistematik yaklasimlar uygulanmakta, ancak metastatik FBK hastalari genellikle kon-
vansiyonel FBK icin planlanmig algoritmalar dogrultusunda tedavi edilmektedir. Bu ¢alismanin amaci, konvansiyonel FBK’ye yonelik standart tedavi
yonetiminin metastatik FBK hastalarinda etkinligini degerlendirmektir.

GEREC VE YONTEM: Bu retrospektif calismaya, ulusal diizeyde (igtincli basamak bir ortopedi onkoloji kliniginde endoprotez rekonstriiksiyonu
uygulanan 185 konvansiyonel FBK ve 7| metastatik FBK tanili hasta dahil edilmistir. Ana degerlendirme 6lliti, hasta ve hastaneye bagli faktorlerin
sagkalim (izerindeki etkisidir. ikincil degerlendirme &lgiitleri ise trombotik olaylar, dekiibit tlseri gelisimi ve eritrosit replasmani gerekliligi gibi rutin
klinikte karsilagilan komplikasyonlardir.

BULGULAR: Metastatik FBK grubunda, konvansiyonel gruba kiyasla anlamli diizeyde daha duisiik sagkalim orani (p=0.021), daha yliksek trombotik
olay (p=0.030) ve dekdibit lseri insidansi (p=0.029), daha uzun ameliyat stiresi (p<0.001), artmis perioperatif kanama (p<0.001) ve daha fazla erit-
rosit replasmani ihtiyac (p<0.001) gézlendi. Ayrica, metastatik hastalarda preoperatif ve postoperatif hastanede kalis siiresi daha uzun (p<0.001)
ve postoperatif mobilizasyona baslama stiresi daha geg (p=0.017) olarak belirlendi.

SONUC: Konvansiyonel femur boyun kiriklari icin ortopedi kliniklerinde olusturulmus standart tedavi algoritmalari, daha yliksek komplikasyon
oranlari ve daha dustik sagkalim ile karakterize metastatik FBK olgularini yeterli dlizeyde kapsamamaktadir. Tedavi yaklagiminin bu hasta grubuna
6zgli olarak sekillendirilmesi gerekliligi 6n plana ¢ikmaktadir.

Anahtar sozclikler: Femur boyun kirigi; metastaz; patolojik kirik.
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