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Abstract. - OBJECTIVE: The use of mega-
prosthetic implants could provide substantial
advantages in elderly population affected by
complex fractures. The aim of the study was to
identify the patients suitable to megaprosthet-
ic implants in the treatment of lower limbs frac-
tures, as well as periprosthetic fractures.

PATIENTS AND METHODS: From January
1st, 2015, to December 31, 2021, all patients af-
fected by femoral fractures with severe bone
loss or previous surgery failure were retrospec-
tively reviewed. ADL, IADL, SF-12 values pre-
and post-operative were recorded. Hemoglobin
value, NLR, PLR were recorded pre- and peri-op-
eratively for all patients. Complications were re-
corded. All patients underwent a radiological
follow-up. Significance was set at p = 0.05.

RESULTS: 23 patients were considered eli-
gible, 10 males and 13 females; the mean age
was 72.87 years old (+ 12.33), while the mean
BMI was 27.2 points (+ 5.2). The mean follow-up
was 2 years (+ 1.4). The mean preoperative ADL
and IADL scores were correlated with a posi-
tive independence of the patient, while the mean
postoperative scores corresponded to a mod-
erate-low independence. Also the mean Mental
and Physical SF12 scores saw a decrease in val-
ues. NLR values were higher in the first group of
patients with complications.

CONCLUSIONS: A careful multiparametric
and multidisciplinary patient selection is re-
quired to identify the suitable patient to this
treatment.
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Introduction

The management of lower limb fractures can
be challenging for orthopaedic surgeons. Due to
the aging of the population, the number of low-
er limb fractures has been increasing worldwide.
Moreover, the increase in the number of femur
fractures represents a major public health concern
since they are a main cause of decline in activities
of daily living (ADL), disability, dependency and
subsequent poor prognosis.

Distal femur fractures represent about 7% of all
femur fractures in adults and often involve osteo-
porotic bone, thus further complicating the man-
agement and the surgery indications"?. Incidence
of this kind of fractures significantly increases in
both genders in the over 60 years-old population,
with a large female predominance'. Proximal fe-
mur fracture is one of the most common types of
fracture in the elderly, occurring in 18% of wom-
en and in 6% of men worldwide’.

The incidence of proximal femur fracture has
raised worldwide in the last two decades along
with the increase in the average age of the popu-
lation. In fact, the global number of hip fractures
is expected to increase from 1.26 million in 1990
to 4.5 million by the year 2050. Implant failure is
a rare but catastrophic event extent that salvage
procedures are invariably challenging and expose
the patients to further complicated treatments.
The encouraging outcomes of Proximal Femoral
Replacement have broadened the indications to
the treatment of severe bone loss also in non-on-
cological conditions®.
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The management of the above-mentioned frac-
tures largely depends on fracture type and patient
characteristics’’. Open reduction and internal
fixation (ORIF) are theoretically the mainstay of
surgical treatment. However, when it comes to el-
derly patients’ factors related to the surgical tech-
nique itself, such as complexity and intraopera-
tive timing, or even to the patients, such as bone
quality, comorbidities and compliance, it shall be
taken into account®.

Studies® have agreed that an osteoporotic bone
proximal to the fracture is unable to tolerate the
forces of a rigid fixation construct. Furthermore,
complex intraarticular fractures and periprosthetic
fractures are difficult to manage both for the com-
minution close to the joint and for the poor post-
operative compliance of these patients due to the
cognitive decline and to the muscle weakness’ .

Frequently, the postoperative management of
these fragile patients is complicated, requiring
increasingly a period out of bearing, with a major
risk of complications related to the lack of mobi-
lization. Tumor megaprostheses are well known
and much used for limb salvage in patients affect-
ed by primary or secondary bone or soft tissue
tumours'>'°.

However, they have been recently proposed in
traumatology for the management of comminute
articular fractures and periprosthetic fractures of
the knee and the hip as an alternative to ORIF®".
Megaprostheses can probably find their better use
in traumatology in the treatment of the fragile
population; they can ensure indeed immediate
weight bearing and fast recovery reducing the
hospital stay, thus allowing a faster return to the
normal activities daily living'®-2°.

The aim of the present study was to evaluate
the effectiveness of megaprosthetic implants in
the treatment of lower limbs fractures, as well as
periprosthetic fractures in the frail population.

We enrolled elderly patients undergone mega-
prosthetic implants surgery in our center in order
to evaluate the prognostic factors that affect the
clinical outcomes of these patients. Our aim was
also to elaborate a diagnostic and therapeutic al-
gorithm to adopt in these increasingly frequent
and controversial cases.

Patients and Methods

All the patients admitted to the Orthopedic
Department of the ‘Fondazione Policlinico Uni-
versitario A. Gemelli IRCSS’ from January 1%,

2015, to December 31%, 2021, affected by fem-
oral fractures with severe bone loss or previous
surgery failure, were retrospectively reviewed.
A retrospective observational study according to
the PROCESS guidelines was conducted on pa-
tients*!.

All the procedures performed were in accor-
dance with the 1964 Helsinki declaration and its
later amendments. Informed consent was collect-
ed from all the recruited patients. Inclusion crite-
ria were: hip or knee periprosthetic fractures, pre-
vious arthroplasty infection (second stage of a two
stage strategy), implant failure due to hardware
breakage, proximal or distal articular femoral
fracture with severe bone loss, aseptic nonunion.
Exclusion criteria were: oncological patients, ac-
tive bone infections, follow-up less than 1-year.
Age was not considered as an exclusion criterion.

All patients underwent either hip or knee
megaprosthesis according to the diagnosis. All
the procedures were performed by two orthopedic
surgeons fellowship-trained in traumatology and
oncological surgery.

A general anesthesia was performed in all cas-
es. All patients received Cephazolin 2 g iv. as
antibiotic prophylaxis before surgery, if not con-
traindicated®?. A bladder catheter was placed in
all the patients and removed within 72 hours after
the surgery.

Patients who underwent proximal femoral re-
placement with hip megaprothesis were placed in
lateral decubitus position. A lateral approach was
used. Once exposed the bone, an end bloc resec-
tion was performed and a cementless silver coated
megaprosthesis was implanted, according to the
manufacturer technique®. The myodesis through
the Trevira Tube® completed the surgery (Im-
plantcast, GmbH, Buxtehude, Germany). One in-
tra-articular closed-suction drainage was placed
and then removed 48 hours after surgery.

Patients who underwent distal femur replace-
ment with knee megaprothesis were instead
placed supine. An anteromedial parapatellar ap-
proach was used in each case. After bone expo-
sure, a block resection was performed, and a silver
coated megaprosthesis was implanted, according
to the manufacturer technique. Tibial components
were cemented (Figure 1). One deep intra-articu-
lar suction drainage was placed and removed 48
hours after surgery.

Those enrolled in the study followed the same
post-operative rehabilitation protocol: after 24
hours from the surgery, all the patients were seat-
ed with their feet out of the bed, whereas at 48
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Figure 1. Ideal characteristic of the patient with complex
fractures of the lower limbs eligible for Megaprosthesis.

hours were allowed to gradually weight bearing
with the aid of a walker frame.

Patients were regularly followed-up at 2 and 4
weeks after surgery and then every 3 months for
the first two years, then yearly. A control X-ray
was performed at each clinical evaluation from
the fourth week from surgery onwards.

Anthropometric and anamnestic data (e.g.,
smoking, etc.), routine blood exams results, and
the length of stay were collected for each patient.
Through the anamnestic data, the Charlson Co-
morbidity Index (CCI) and Clinical Frailty Scale
were calculated®*®.

A self-assessed questionnaire about the
pre-fracture status was administered to all the
patients upon hospital admission and at the last
outpatient follow-up. ADL was the primary out-
come, while the following were considered as
secondary outcomes: Instrumental Activity Daily
Living (IADL), Short Form-12 (SF-12)**?’. ADL
is a 6 points scale that evaluate the essential activ-
ities for personal independence, while IADL is an
8-points scale that take into account the ability of
the individual to interact with the society. SF-12 is
a generic scale that assess the physical and mental
status of the patients.

During hospitalization and the various outpa-
tient appointments, all the complications were
recorded (wound dehiscence, deep infection,
pneumonia and urinary tract infection). Wound
dehiscence or surgical site infection was defined
as a delayed healing of the surgical wound with
the presence of redness, edema and secretions in
absence of deep tissue involvement?,

Hemoglobin, neutrophil to lymphocyte ratio,
platelet to lymphocyte ratio, creatinine and al-
bumin values were recorded pre- and peri-oper-
atively for all patients. Fractures were diagnosed
through a standard X-rays series in each case.
A computer tomography (CT) was always per-
formed in case of articular fractures. Peripros-
thetic fractures were classified according to the
Vancouver classification whereas articular frac-
tures were described according to the AO clas-
sification.

Dislocation, mobilization, presence of radio-
lucency and aseptic loosening according to the
Harris classification for the hip or the Anderson
Orthopedic Research Institute (AORI) Classifica-
tion for the knee were investigated postoperative-
ly through X-rays evaluations®*.

GraphPad QuickCalcs (GraphPad Software,
San Diego, CA, USA) was used for the data analy-
sis. The data were reported as mean and standard
deviation (£ SD).

Statistical Analysis

A paired t-test was performed to compare the
pre- and post-operative values of ADL, IADL
and SF-12 score of each group. An un-paired
t-test was used to compare anthropometric and
anamnestic data, CCI, ADL, IADL, SF-12 score
between groups. Significance was set for p < 0.05.

Results

Twenty-three patients were considered eligible.
One patient was lost during the second year of fol-
low-up. The primary outcome analyzed was the
clinical outcome after the recovery of ADL and
IADL scores. The secondary outcome was the in-
cidence of complications.

There were 10 male and 13 females, the mean
age was 72.87 years old (= 12.33); the mean BMI
was 27.2 points (£ 5.2). The mean follow-up was
2 years (+ 1.4). Blood exams (such as preopera-
tive and postoperative Hemoglobin, preopera-
tive Albumin and Creatinine, preoperative Lym-
phocyte and Neutrophil counts, NLR and PLR),
along with the length of stay, were also reported
as a mean in Table I. The mean preoperative PLR
(Platelet/lymphocyte ratio) and NLR (Neutrophil/
Lymphocyte ratio) values correspond to a state of
moderate systemic inflammation.

Almost all patients included in the study have
undergone megaprosthesis implant surgery fol-
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Table I. Patients clinical characteristics.

Mean Age (Years)

Mean Bmi (Kg/m?)

Mean Hospitalization (Days)

Mean Follow-Up (Years)

Mean Preoperative Hemoglobin (Mg/DI)
Mean Postoperative Hemoglobin (Mg/DI)
Mean Preoperative Creatinine (Mg/Dl)
Mean Preoperative Albumin (G/L)

Mean Preoperative Neutrophil (x10%/L)
Mean Preoperative Lymphocytes (x10%/L)
NLR

PLR

72.87 (& 12.33)
27.19 ( 5.20)
11.61 (+7.16)

2 (+1.38)
12.02 (+2.13)
9.68 (+2.02)
0.80 (+ 0.26)
3113 (+ 10.34)
6.34 (2.62)
1.28 (+ 0.42)
6.58 (= 5.64)
227.60 (= 107.98)

BMI: Body Mass Index; NLR: Neutrophil-Lymphocyte Ratio; PLR: Platelet-Lymphocyte Ratio.

lowing periprosthetic fractures. 11 proximal fe-
murs and 12 distal femurs were ultimately surgi-
cally implanted.

The mean Charlson Comorbidity Index was 4.3
points (+ 1.7), which corresponds to a 53% survival
rate at 10-year follow-up. The mean preoperative
ADL and IADL scores, reported in Table II, cor-
relate with a positive independence of the patient
(so much so that he/she is able to manage his/her
own needs), while the mean postoperative scores
correspond to a moderate-low independence. The
mean Mental and Physical SF12 scores have al-
so seen a decrease in values. The mean results of
preoperative and postoperative clinical and func-
tional scores are reported in Table II.

A total of 6 patients who underwent megapros-
thesis implantation had complications: wound de-
hiscence occurred in 5 patients, while only one
had a periprosthetic joint infection. We therefore
divided our population into two groups based on
the occurrence or not of any complications af-

Table II. Patients clinical and functional outcomes.

Mean CFS 4.58 (£0.77)
Mean CCI 430 (= 1.72)
Mean ADL:

- Preoperative 542 (£ 1.12)

- Postoperative 490 (+ 1.58)
Mean IADL:

- Preoperative 7.05 (£ 1.35)

- Postoperative 5.24 (£ 2.36)
Mean Mental SF-12:

- Preoperative 53.85 (£ 10.59)

- Postoperative 45.13 (+ 15.05)
Mean Physical SF-12:

- Pre-operative 42.49 (+ 14.40)

- Post-operative 38.91 (= 10.82)

CFS: Clinical Frailty Scale; CCI: Charlson Comorbidity
Index; ADL: Activities of daily living; IADL: Instrumental
Activities of daily living; SF-12: Short Form health survey.

ter surgery. Examining the results collected, we
noticed that the preoperative NLR values were
higher in the first group of patients with compli-
cations (Group A). The mean NLR value in this
group was 12.0 (= 7.27) in contrast with the sec-
ond group (Group B) with a NLR value of 4.6 (+
3.53) (p=0.01). Despite that Group A also showed
a clear decrease of the ADL score in the postoper-
ative period compared to Group B (»p=0.03), when
compared with itself (paired value) in the pre- and
post-operative period there were no differences.
However, these results remain questionable be-
cause of the small sample size. Group B patients,
in contrast, when compared with themselves, in
the pre- and post-operative period showed a sta-
tistically significant decrease in SF12M (p=0.03)
and TADL scores (0.04). We assessed our patients
with the Clinical Frailty Scale in the preopera-
tive period which, however, was not found to be
a predictor of postoperative complications. Final-
ly, we divided the population into those who had
a worsening of the ADL score in the postoper-
ative period (Group C) and those who kept this
score stable (Group D). We noticed that Group
C patients showed an MSF-12 (47.57+12.31) low-
er score in the pre-operative period compared to
those in Group D (58.14+4.66) (p=0.05). In ad-
dition, Group C patients showed a worsening of
both MSF-12 (34.6+9.2) and FSF-12 (34.4+9.9)
scores in the post-operative period, compared
with Group D (47.9£15.9 and 44+10.7, respective-
ly p=0.01, p=0.02).

Discussion
In view of the increasing ageing of the society,

the number of complex lower limbs fractures has
been increasing all over the world. Orthopedic
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surgeons should become more and more confident
treating these fractures which are typical of the
frail population, in order to be able to choose the
most suitable surgical solution.

The main finding of the present study is that
megaprostheses are a viable and safe option to
treat non-oncological complex hip or knee prima-
ry or periprosthetic fractures in elderly patients.
Our present results shows that megaprostheses can
restore the pre-fracture functional status without
worsening the general health situation with low
rate of complications in a frail population.

Nevertheless, the current literature is still
lacking on the use of megaprostheses in the frac-
tures management and there are still no thera-
peutic algorithms neither specific guidelines
on this matter’¥2. Up to now, non-oncological
megaprostheses have been mainly performed in
elder and low-demand patients affected by ar-
ticular distal femur fractures with severe bone
loss, such as type 33.C1-2-3, according to the AO
classification®.

Several studies®** have been published on the
topic; however, their quality is mainly under-
mined by the small samples size and the wide
heterogeneity of the populations, making difficult
the outcomes comparisons across the literature.

Studies* comparing different treatment op-
tions for Vancouver type B3 fractures demon-
strate a clear advantage of megaprosthesis in
terms of both gained function and low postop-
erative complications rate. That is especially
the advantageous postoperative management of
these fragile patients. Joint replacement imme-
diately allows indeed full weight bearing the day
after surgery, thus encouraging an early mobili-
zation crucial when it comes to advanced age’'.
On the opposite, ORIF techniques would require
a longer intraoperative time and a slower post-
operative approach®. Nevertheless, invasiveness
and costs of prosthetic implants cannot be de-
nied either.

There are two important points about the
megaprotheses implant surgical technique that
must be highlighted. Firstly, megaprostheses re-
quire the resection of various muscles tendon
insertions with the subsequent loss of muscle
strength. To overcome this, we used the Trevira
Tube® (Implantcast, GmbH, Buxtehude, Germa-
ny) that seemed to improve the functional result
by ensuring soft tissue adhesion to the prostheses,
thus increasing the stability and the strength of
the construct'>*¥, Secondly, all the megaprothe-
ses implanted were silver-coated, thus the risk of

infection has been proven to be reduced?; Donati
et al'’, in their experience on oncological patients,
reported that only 8% of the patients treated with
silver-coated implants developed deep infections.
Subsequent studies'®** confirmed that the use of
silver-coated implants guarantees a decreased
risk of infections compared to non-silver-coated
implants.

Based on our results, we have tried to identi-
fy the patients suitable to this specific treatment
(Figure 2). Firstly, according to our data, all the
patients seemed to be fragile with low CFR and
pre-operative ADL and IADL values.

In addition, a high pre-operative NLR value
has been found to be a predictive factor of com-
plications extent that in our opinion should be
routinely evaluated before proceeding to surgery.
We consider the mental health status another
crucial aspect that can influence the therapeutic
success; the SF12M evaluation may, in fact, give
important information about the patient reaction
to these invasive procedures. Due to the complex-
ity of these frail geriatric patients, a multipara-
metric approach should be necessary to identify
the suitable patient for this invasive but efficient

treatment.

Ideal Patient

Age>70

CFS>4

NLR <6

Preoperative ADL <5

Preoperative IADL <7

Preop Mental SF-12 > 50

Figure 2. Ideal characteristic of the patient with complex
fractures of the lower limbs eligible for Megaprosthesis.
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Limitations

The present study has some limitations. First,
it includes a very small sample size and a rela-
tive heterogeneous population. It must be consid-
ered that acute trauma with severe bone loss and
poor bone quality, post-traumatic failures, aseptic
nonunion, as well as periprosthetic fractures with
component mobilization and poor bone stock, are
not common conditions's. Moreover, no guide-
lines or therapeutic algorithms exist on this topic.
Therefore, the results of the present study are of
utmost importance, because they are supposed
to encourage surgeons in considering both frac-
ture and patient characteristics in order to tailor
the surgical decision-making process on patient’s
needs.

Conclusions

The use of hip and knee megaprosthetic im-
plants in traumatology is a safe and viable option
in elderly patients. A careful patient selection
through multiparametric and multidisciplinary
approach is required to identify the suitable pa-
tient to this treatment.
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