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Introduction. Intertrochanteric hip fractures occur in the proximal femur. They are very common in the elderly and are responsible
for high rates of morbidity and mortality. The authors hypothesized that adding an autologous bone marrow stem cells concentrate
(ABMC) to a hydroxyapatite scaffold and placing it in the fracture site would improve the outcome after surgical fixation of
intertrochanteric hip fractures. Material and Methods. 30 patients were randomly selected and divided into 2 groups of 15 patients, to
receive either the scaffold enriched with the ABMC (Group A) during the surgical procedure, or fracture fixation alone (Group B).
Results. There was a statistically significant difference in favor of group A at days 30, 60, and 90 for Harris Hip Scores (HHS), at days
30 and 60 for VAS pain scales, for bedridden period and time taken to start partial and total weight bearing (P < 0.05). Discussion.
These results show a significant benefit of adding a bone marrow enriched scaffold to surgical fixation in intertrochanteric hip
fractures, which can significantly reduce the associated morbidity and mortality rates. Conclusion. Bone marrow stem cells added

to a hydroxyapatite scaffold result in better outcomes after surgical treatment of intertrochanteric hip fractures.

1. Introduction

Intertrochanteric fractures occur in the region between the
greater and lesser trochanters of the proximal femur. They
account for nearly 50% of all fractures of the proximal femur.
They are more common in women, with an average patient
age of 66 to 76 years. [1-6] These fractures are associated with
a high percentage of comorbidities, increased dependency in
activities of daily living, other osteoporosis-related fractures,
and mortality rates that can be as high as 30% in the first
year after fracture, mainly related to long bedridden periods
[7-23]. The treatment is almost always surgical. The two
most commonly used options are the dynamic hip screw
(DHS) and the intramedullary nail (IMN). Despite a trend
towards using the IMN in the last years, most studies have
shown no difference in results between both implants, with

the exception of unstable fractures which appear to show best
results when treated with IMN. Fixation failure is the most
common complication with both implants, as high as 20%; it
usually results from varus collapse of the proximal fragment
with cutout of the lag screw from the femoral head [24-27].
Improvements in fracture fixation techniques have failed to
improve this complication rate. Therefore, an effort towards
improving the biologic environment of fracture healing is
being pursued [28-32]. According to the diamond concept
[33, 34], four factors are essential for new bone formation,
as is required when treating a fracture: osteoconductivity,
osteogenesis, osteoinductivity, and mechanical stimulus. The
authors have based their work on these principles by attempt-
ing to add a bone marrow enriched hydroxyapatite scaffold
to the fracture site. This optimizes the use of the diamond
principles as follows: osteoconductivity is provided to the
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fracture site by a glass reinforced hydroxyapatite composite
(GRHC) in a microporous pellet formulation; osteogenesis
and osteoinductivity are accomplished by adding autologous
bone marrow concentrate (ABMC), rich in mesenchymal
stem cells (bone precursors) and growth factors, to the
inorganic bone substitute; and weight bearing as tolerated by
the patient provides the necessary mechanical stimulus.

The tested hypothesis was that in conjunction with the
correct surgical treatment, intertrochanteric fractures would
heal faster and have improved immobilization/bedridden
time when a bone marrow aspirate enriched glass reinforced
hydroxyapatite composite (GRHC) is applied to the fracture
site.

2. Material and Methods

2.1. Patient Selection. Thirty patients with a low energy
mechanism intertrochanteric fracture were selected for the
study. The study was approved by the Institutions Ethical
Commission, and written informed consent was given by
all patients. Pathologic fractures, reverse obliquity fractures,
and fractures extending to the subtrochanteric region were
excluded. Patients were randomly assigned into two groups
(A and B) of 15 patients, according to age, associated patholo-
gies, medication, dependency in activities of daily living, and
FRAX score [35]. Both groups were surgically treated with
a DHS, by the same team of surgeons, using the standard
surgical technique [6].

2.2. Glass Reinforced Hydroxyapatite Composite (GRHC)
Pellets. The inorganic scaffold selected is a glass rein-
forced hydroxyapatite composed of a modified hydroxyap-
atite matrix with a homogeneous dispersion of a- and f-
tricalcium phosphate (T'CP) secondary phases and controlled
percentages of ionic species, such as sodium and fluoride,
which aims to mimic the chemical composition of the
mineral phase of human bone [36-41]. Previous data revealed
an improved in vitro performance and an excellent in vivo
osseointegration with a sustained controlled resorption of the
material [42-46].

Pellets were fabricated according to the Patent WO/2010/
02155919. Preparation of the pellets began with the mixing of
hydroxyapatite and a bioglass (with the composition 65P,05-
15Ca0-10CaF,-10Na, O, mol%) with microcrystalline cellu-
lose, followed by an extrusion and spheronization process.
Pellets were then dried at 60°C and submitted to a thermal
treatment. First, pellets were heat-treated at 600°C to burn
out the microcrystalline cellulose and, then, they were sin-
tered at 1300°C for 1h, followed by natural cooling inside the
furnace.

Pellets were observed by scanning electron microscopy
(SEM) equipped with an energy-dispersive X-ray spec-
troscopy (EDS) system (Joel JSM 35C; voyager XRMA Sys-
tem, Noran Instruments), to characterize the macro- and
microstructure and qualitatively assess pore morphology.
Porosity was determined by mercury porosimetry (Auto
Pore IV 9500, Micromeritics, Aachen, Germany) which is
based on the intrusion of mercury under pressure into the
samples pores. Surface area was achieved by BET method.
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Detailed physicochemical profile of the pellets had previously
been reported [47]. Results showed that pellets presented a
spherical shape with a particle size range of 1000-4000 ym,
a microporosity of 25.3%, and a surface area of 0.0171 m*/g.
Pellets exhibited surface rugosity and, also, microporosity,
which increases surface area and is expected to favor cell
adhesion. These characteristics are important for the forma-
tion of interconnecting pores between the pellets which are
of critical importance for osseous ingrowth [47].

Prior to bone marrow cell seeding, pellets were sterilized
by autoclaving (120°C, 20 min).

2.3. Preparation of the Bone Marrow Concentrate of Nucleated
Cells. Human bone marrow was collected from the posterior
iliac crest of the patients [48-50], under anesthesia, just
before starting the fracture fixation procedure. The patients
were positioned in lateral decubitus and after prepping and
draping of the posterior iliac crest, bone marrow (BM) was
extracted with a needle coated with heparin.

A bone marrow concentration system (BMCS), Marrow-
Stim from Biomet, was used to achieve a rapid preparation
of a concentrate of nucleated cells from a sample of bone
marrow aspirate. After the extraction of the bone marrow
aspirate (30mL), the cell separator was loaded with the
aspirate and centrifuged at 3200 rpm for 15 minutes. After
removing the plasma from the cell separator, the portion of
nucleated cell concentrate was extracted (3 mL). Flow cytom-
etry was performed to analyze the bone marrow aspirate and
concentrate for cell viability and number of total nucleated
cells and hematopoietic CD34" cells (Stem-Kit; Beckman
Coulter, Ref IM3630).

2.4. Surgical Procedure. Bone marrow was only collected
from patients in Group A. While performing the surgical
procedure, the aspirate was concentrated by a centrifuge
inside the operating room. It was then added (3 mL) to the
GRHC pellets (5g), in a metallic recipient, on the operating
table, resulting in a homogenous mixture.

The standard surgical technique [6] for the treatment of
these fractures with a dynamic hip screw was used. With the
patient in a traction table, closed reduction of the fracture
was achieved with radiological support. A lateral approach of
the hip was used, with incision of the tensor fasciae latae and
partial incision of the posterior portion of the vastus lateralis
muscle. After a small exposition of the lateral proximal
femur, drilling and tapping for the DHS were performed.
The homogenous mixture of the bone marrow concentrate
and the GRHC pellets was then delivered, through the
screw canal, into the fracture site, using a curette. The
Screw was then immediately applied, in order to prevent
extravasation of the mixture from the canal. The plate was
then inserted, and fixation to the femur with 4.5 mm screws
was performed, without further changes from the original
described technique. Patients from Group B were submitted
to the traditional procedure, without bone marrow harvesting
or GRHC pellets application.

2.5. Patient Follow-Up. All patients from both groups
received the same postoperative protocol. A drain was
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TABLE 1: Flow cytometry analysis of the BM concentrate and aspirate.

Cell viability Total of nucleated cells CD34" cells Expected mesenchymal stem cells
BM concentrate 78% + 0.3 2.1 x 107 cell/mL + 0.1 8.2 x 10* cell/mL + 0.3 200-2000 cell/mL
BM aspirate 51% + 0.3 2.6 x 10° cell/mL + 0.2 8.0 x 10° cell/mL + 0.2 27-270 cell/mL

maintained for 36-48 hours. A complete blood count (CBC)
was collected on postoperative day 1, and red blood cells
transfusions were applied when necessary. An anteroposte-
rior and a lateral view hip radiograph were obtained at day 1,
during the hospital stay, and at days 30, 60, and 90 during
follow-up in the outpatient clinics. Harris Hip Scores and
visual analog pain scales (VAS) were collected at days 30, 60,
and 90. Mean bedridden period in the first month and time
from the injury to the start of partial and total weight bearing
were registered. No patient received specific physical therapy,
except passive mobilization of the limb as tolerated.

3. Statistical Analyses

Statistical analysis was performed using the SPSS version 19.0
(SPSS, Chicago, IL, USA). Comparisons between groups were
performed by one-way ANOVA with a post hoc Turkey test.
Differences were considered statistically significant at P <
0.05.

4. Results

Thirty patients were included in this study. The average age
was 83.9 (A-84.3/B-83.5); 4 patients were males (13.3%) and
26 were females (86.7% of females in both groups). There
was no statistical significant difference (P < 0.05) in baseline
demographic characteristics between the groups for age, sex,
associated pathologies (diabetes, hypertension, dyslipidemia,
or cardiac pathology), medication (insulin/oral antidiabetic
medication, dyslipidemia drugs, antihypertensive drugs,
antiaggregants, or oral hypocoagulation), dependency in
activities of daily living (ambulatory/nonambulatory and
independent of/dependent on help from others), and FRAX
score for the probability of hip fracture (A-17.9/B-17.6)
(Figure 1).

Flow cytometry analysis (Table 1) shows the differences
in cell viability of total nucleated cells, concentration of
nucleated cells, concentration of CD34" cells, and expected
percentage of mesenchymal stem cells (MSCs), between the
BM concentrate and aspirate (mean values).

The hip X-rays obtained at days 1, 30, 60, and 90 showed
fracture union in all cases from both groups, at the end of the
study period. One case from Group B had a cutout at 60 and
90 days X-rays. In group A, an area with a higher radiological
density was observed around the fracture area (Figure 2).

Figure 3 shows, respectively, the comparison between
both groups when considering Harris Hip Scores and visual
analog pain scales (VAS) collected at days 30, 60, and 90
(HHS, 49.8 versus 43.4/78.5 versus 73.5/83.1 versus 8LI;
VAS, 3.4 versus 4.8/2.2 versus 3.1/1.9 versus 2.1). Both scores
showed statistically significant differences (P < 0.05) in the
three periods, except for the VAS scale at 90 days.
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FIGURE 1: There was no statistical difference for the tested charac-
teristics of both groups. (DM: diabetes mellitus; HT: hypertension;
DLP: dyslipidemia; CP: cardiac pathology; Ins: insulin; OAD: oral
antidiabetic drugs; DLPd: dyslipidemia drugs; HTd: hypertension
drugs; AAgr: antiaggregants; Hcoag: hypocoagulation; AMB: ambu-
latory patient; DPD: dependent patient.)

The mean bedridden period in the first month differed
from 11.9 hours/day in Group A and 14.1 hours/day in Group
B. Patients in Group A started partial and total weight bearing
at 2.0 and 3.4 weeks (mean values), respectively. Group B
patients started partial and total weight bearing at 2.8 and
4.0 weeks (mean values), respectively. Differences between
both groups in these 3 variables were statistically significant
(P < 0.05) (Figure 4).

5. Discussion

The present study evaluated the effectiveness of adding a bone
marrow enriched hydroxyapatite scaffold to surgical fixation
of intertrochanteric hip fractures. To the authors’ knowledge,
no previous work has been reported regarding this technique
for the treatment of these kinds of fractures. Also, there is
a paucity of reported data on the use of these techniques
when treating acute fractures. Most of the literature reports
the use of bone substitutes associated with stem cells for the
treatment of nonunions or bone defects [48, 49].

Flow cytometry analysis (Table 1) showed that BM con-
centrate presented a significantly higher mean concentration
of nucleated cells (2 x 107 cell/mL) compared to that on BM
aspirate (2.7 x 10° cell/mL), which is expected considering
the experimental protocol, as 30 mL of BM aspirate yielded
3mL of BM concentrate. Of these, the mean number of
hematopoietic CD34" was 8 x 10* cell/mL and 8 x 10°
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FIGURE 2: An X-Ray at 0 and 90 days of a patient from group A, showing higher density on the region where the ABMC/GRHC was added.
ABMC: autologous bone marrow concentrate; GRHC: glass reinforced hydroxyapatite composite.

100

Time (weeks)

HHS D30

HHS D60 HHS D90

H Group A
m Group B

()

Time (weeks)

VAS D30

VAS D60 VAS D90

B Group A
m Group B

(b)

FIGURE 3: Harris Hip Score (HHS) and VAS pain scale comparison between Groups A and B at 30, 60, and 90 days ( "P< 0.05).

cell/mL, respectively, in the BM concentrate and the BM
aspirate. These cells are blood cell precursors and not bone
tissue precursors as are mesenchymal stem cells (MSCs).
The authors’ large experience in quantifying this type of
cells made it more accurate to measure the concentration
of CD34" cells. Therefore, and according to previous studies
reporting that the percentage of MSCs in the nucleated
cell fraction harvested from the BM is 0.01 to 0.001% [48-
50], in the general population, the authors inferred that the
BM concentrate contained a higher number of MSCs, about
10 times of that expected in the BM aspirate. In addition,
flow cytometry analysis (Table1) also showed that mean
cell viability was found to be higher in the BM concentrate
(76%) compared to that on BM aspirate (53%), most probably
because the process of BM concentration eliminated a num-
ber of nonviable cells. As the same volume/mass rate was used
to prepare the cell/material constructs, a better performance
is anticipated with the BM concentrate/ GRHC pellets.

No significant difference was evident from radiographic
serial evaluation. This may be explained by the low sensitivity
of this method to evaluate quantitatively new bone formation.
However, there was a patient with cutout on radiographs
performed at 60 and 90 days postoperatively in Group B. The
authors considered two other options for evaluation of bone
formation: serial DMOs or periodical micro-CTs. While the
first shows low sensitivity to detect small changes in bone
formation in short periods of time, the second would expose
patients to unacceptable levels of radiation, precluding its use.

Harris Hip Scores and visual analog pain scales (VAS)
results were better in Group A patients at 30 and 60 days
(P < 0.05), and HHS results were slightly better at 90 days
(P < 0.05), with no statistical difference in the VAS results.
This can be explained by the probable faster consolidation of
the fracture in Group A, resulting in better function and pain
scores in the first weeks, an effect that probably tends to be
attenuated over time.
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FIGURE 4: Mean bedridden period and time to partial and total
weight bearing comparison between Groups A and B at 30, 60, and
90 days (P < 0.05).

Patients in Group A spent a smaller number of hours
in bed in the first month. They also started walking earlier.
Long bedridden periods and long periods without partial and
total weight bearing are associated with a higher number of
comorbidities and mortality rates [7-23].

Strong points of the present study are that the two groups
were comparable with regard to demographic variables,
including age, pathologies, medication, level of dependence,
and fracture risk. However, this study also has limitations.
The sample size of the present study is small. However, sig-
nificant differences were found for most variables, suggesting
adequate power. Second, the follow-up period of the present
study is relatively short. However, the outcomes of interest to
this study are only expected to be different in the first 30-60
days postoperatively.

6. Conclusion

The addition of a combination of a glass reinforced hydrox-
yapatite scaffold and a bone marrow concentrate in patients
surgically treated for intertrochanteric hip fractures showed
improved results in Harris Hip Scores, visual analog pain
scales (VAS), bedridden periods, and time taken to start
partial and total weight bearing of the affected limb.

These results show that patient quality of life is improved
by the use of this combination and suggest that the high rates
of morbidity and mortality associated with the treatment of
patients with this type of fractures can be improved by the
addition of this new scaffold.
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