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Abstract

Purpose The aim of this study is evaluation of the efficacy of
the use of platelet rich plasma (PRP) in management of fem-
oral neck fractures.

Materials and methods This is a prospective study that was
conducted between February 2010 and March 2013. A total of
60 patients were included in this study, categorized randomly
into two groups. Group A included fracture neck femur treated
by closed reduction and internal fixation with three cannulated
screws and group B by addition of PRP to internal fixation.
We planned to compare time of healing, need for revision and
incidence of complications between the two groups.

Results Union occurred in 53 patients (88.33 %) in both
groups, 25 cases (83.3 %) in group A and 28 cases (93.3 %)
in group B, including three cases (5 %) with avascular necro-
sis (AVN): two in group A (6.7 %) and one case in group B
(3.3 %).Revision surgery was done for six cases (20 %) in
group A and for two cases (6.7 %) in group B. In both groups,
all united cases had good to excellent clinical outcome as
regards Harris hip score (HHS) at the end of the follow up.
Conclusion Despite advances in surgical techniques and med-
ical care, the risk of nonunion and avascular necrosis (AVN)
after treatment of femoral neck fractures have not been
changed appreciably in the last 50 years. Results of this study
generally showed that both the median clinical and radio-
graphic healing time were lower in group B compared to
group A.
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Introduction

Platelet-rich plasma (PRP) was first described by Whitman
et al. in 1997 [1], as an autologous preparation that concen-
trates platelets in a small volume of plasma [1]. It contains
multiple growth factors, including transforming growth factor,
insulin-like growth factor, fibroblast growth factor, and plate-
let derived growth factor and because of these it has been
shown to have positive effects on stimulation of bones, blood
vessels, and the formation of chondrocytes [2]. Femoral neck
fractures are one of the greatest challenges facing nearly all
orthopaedic surgeons with medical and economic burden. The
risk of non union and implant failure remain the main concern
and it may be up to 35 % of displaced fractures requiring
revision surgery [3]. We hypothesize that PRP may reduce
the incidence of failure of internal fixation in patients with
femoral neck fracture, so this study was conducted to clarify
the effect of using PRP in the management of these patients
and to determine if it has any advantageous effect in bone
healing.

Materials and methods

This was a prospective study that had been conducted between
February 2010 and March 2013 by the same surgeon in the
author’s institution, after approval of the local ethical commit-
tee and obtaining informed consent from all patients. It includ-
ed 60 patients categorized randomly into two groups. Group A
included 30 patients with fracture neck femur that were treated
by closed reduction and internal fixation with three cannulated
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screws and group B that included 30 patients with fracture

neck femur that were treated by the same method with addi-

tion of PRP. We planned to compare time of healing, need for

revision and incidence of complications between two groups.
Inclusion criteria:

Age between 20 and 45 years

Early presentation of the fracture (within first 24 h)

— Ability to achieve an acceptable closed reduction intra-
operatively

Exclusion criteria:

— Late presentation (more than 24 hours) after the fracture

— Failure to achieve an acceptable reduction intra-
operatively by closed methods

—  Pathological fractures

— Auto-immune disease e.g., theumatoid arthritis and sys-
temic lupus erythematoses

—  Endocrinal disorders

—  Need for bone graft

This study included 39 males (65 %) and 21 females (35 %)
with a mean age 30+7.8: 324+6.4 for group A and 28+8.4 for
group B. Participants were subjected to radiographs on admis-
sion which revealed 13 cases of basal neck fractures, 21
subcapital and 26 transcervical. Thirty-two cases were Garden
III (18 patients group A and 14 patients group B) and 28 cases
were Garden IV (12 patients for group A and 16 for group B).

Surgical technique

Under regional or general anaesthesia, the patient was placed
supine on a traction table and closed reduction was performed.
Garden’s alignment index was used to assess fracture reduc-
tion, with 155—-180° in both antero-posterior and lateral view
as the criterion for adequate reduction [4]. After confirmation
of successful reduction by image intensifier, an internal fixa-
tion was done by three cannulated screws through a standard
lateral approach (this was done for group A). On the other
hand, in group B, after successful reduction was done, three
guide wires were introduced as usual, followed by measuring
of the screw’s length and reaming. Then the screw was intro-
duced over the guide wire till it reached the fracture site, after
that the guide wire was withdrawn and PRP was injected
through the screw’s hole into the fracture site. During injection
the lower limb was internally rotated to avoid back flow of
PRP by gravity. The guide wire was reintroduced again
through the screw hole which was advanced till the end with-
out compression. The same procedure was repeated for every
screw, and then tightening of the screws was done to compress
the fracture site Fig. 1.
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Platelet preparation

The procedure consisted of 150-ml venous blood sample
which was centrifuged twice. In the first spin, whole blood
was centrifuged at 1480 rpm for ten minutes. This resulted in
formation of three layers (a bottom layer composed of RBC;
an upper layer composed of plasma, platelets and some
WBCs; and an intermediate layer, composed mostly of
WBCs), and the upper layer was collected with a pipette and
transferred to an empty siliconized glass tube. In the second
spin, the collected sample underwent another centrifugation at
3400 rpm for 15 minutes to concentrate platelets and produced
15 ml of PRP that was divided on the three screws [5].

Post-operative care

All patients started functional training of the hip from the
second day post-operatively and were ambulated with non-
weight bearing crutches until there was radiological evidence
of union followed by partial weight bearing for an additional
one month. Full weight bearing was allowed after that guided
by the radiological follow up. All participants were followed
up for a total of 12-48 months with an average of 28 months,
initially at the onset of treatment and at six weeks,
three months, six months, one year and then every
six months. The clinical evaluation focused on the presence
and the severity of pain. Degrees of pain were recorded ac-
cording to visual analogue score (VAS) [6]. In addition, Harris
hip score (HHS) [7] was used for functional assessment of the
hip joint at the end of follow up after complete union and
rehabilitation. Complications of the treatment were registered
at each follow-up visit. Post-operative hip radiographs were
analysed for acceptability of fracture reduction using the Gar-
den’s alignment index [4]. Radiographs were taken at each
visit to assess the progress of union, signs of failure of fixation
and evidence of neck or head resorption. Radiographic out-
comes were assessed by an independent consultant radiolo-
gist. In suspected cases, an MRI study was done to exclude or
confirm any evidence of avascular necrosis. Radiographic non
union was defined as “failure of the fracture to show signs of
bony union on the antero-posterior or lateral radiograph nine
months after surgery” [8]. Successful completion of treatment
was defined as the accomplishment of both clinical and radio-
logical union with no evidence of avascular necrosis.

Statistical analysis

Patients’ data were tabulated and processing was done using
SPSS. Quantitative variables were expressed by means and
standard deviation. Qualitative data were analysed using Pear-
son chi-square test and Fisher’s exact test. A P value>0.05
means insignificant, P value<0.05 means significant results
and P value<0.01 was highly significant.
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Fig. 1 a Surgical technique on a
male patient, 28 years old, with
transcervical fracture neck femur
(Garden III). b Post-reduction. ¢
Introduction of the screw till the
fracture site. d, e Withdrawal of
the guide wire and injection of
PRP. f The same was done for
other screws. g Post-operative
radiograph. h Follow up X-rays
after ten weeks with complete
union

Results

Our two randomly assigned populations were similar in most
aspects, including age, gender, and Garden classification. The
power of this study with a confidence level set at 5 % was
77.4 %. Various observations and results are presented in
Table 1. Union occurred in 53 patients (88.33 %) in both
groups, while the non united cases numbered 7 (11.67 %).

In our series, we were confronted with three cases (5 %) of
AVN, two of which were in group A (6.7 %) and only one case
in group B (3.3 %). These results were statistically insignifi-
cant (p=0.0821).

We found no significant association between age of patient,
gender or displacements of the fractures and the incidence of
AVN (p=0.462; Table 2).

Revision surgery was done for eight cases (13.33 %), of
which six cases (20 %) were in group A, one of them due to
arthritis following AVN in the form of total hip arthroplasty,
and the other five cases of non union were revised by
subtrochanteric osteotomy in two cases and total hip
arthroplasty in the other three patients. For group B, revision
surgery was done for two patients (6.7 %) of non union and
managed by total hip arthroplasty. The relation of revision
surgery between two groups was found to be statistically in-
significant (p=0.063).

In both groups, all united cases had good to excellent clin-
ical outcome as regards HHS at the end of the follow up.
However, cases of AVN in both groups had fair results.

Upon analysing the effect of location of fractures, whether
basal neck, transcervical or subcapital, we found no statistical

Table 1 Summary of the results
Group United cases Non united cases Time of union HHS (united cases) VAS
(mean+SD) Final follow up
Number % Number % Immediate post-op Last follow up
A 25 833 5 16.67 423£12 89.28+4.68 76+£23 38+19
B 28 933 2 6.7 3.55+.9 90.12+4.53 78+12 41+15
P-value <0.0001 <0.05 <0.05 0.093 0.082
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Table 2 Characteristics of patients who developed avascular necrosis (AVN)

Age (years) Gender Comorbidity Management Garden’s grade Group
32 Female None Conservative Grade IV B
29 Male None Total hip Grade 111 A
40 Male None Conservative Grade IV A

significance between locations of fractures and incidence of
avascular necrosis or time of union (p=0.096).

The relation between Garden’s classification and various
results are presented in Table 3.

Discussion

Despite advances in surgical techniques and medical care, the
risk of nonunion and AVN after treatment of femoral neck
fractures have not been changed appreciably in the last
50 years [9]. In the era of regenerative medicine with the
advances in the field of molecular biology, much attention
has been recently placed on the healing environment of the
fractures by better understanding of the exact pathophysiology
of bone repair failure. Improvement of the local fracture envi-
ronment by application of growth factors has been considered
a treatment option that can be used alone or in conjunction
with other traditional methods of fracture management from
which positive results have been reported [10]. While PRPs
osteogenic properties are not novel, we believe that this report
is the first to document a translation of this property in clinical
use in femoral neck fractures by direct application at the frac-
ture site using simple, effective and novel techniques. Few
data exist from other similar studies exploring platelet-rich
therapy in bone healing with which to compare our findings.
The rates of nonunion and AVN which have been reported
after internal fixation varied widely. In various studies non-
union has ranged from 4 to 59 % and AVN from 10 to 86 %.
The reasons for such a large variation could be the difference
in the selection of patients with respect to age, the quality of
bone, the pattern of fracture, the method of reduction, the
mode of fixation and the timing of surgery [11]. Haidukewych

et al. [11] reported its incidence as 23 % and Leighton [12] as
11-19 % in a meta-analysis study.

In our study, the overall incidence of non union (11.67 %)
may have some similarity with these results but a noticeable
difference was found while comparing both groups in favour
of group B with a significant decrease in non union rate
(6.7 %) compared to group A (16.67 %).

The united cases in group A had a mean time of union of
4.23+1.2 months (range 3.2—6.2 months), and 3.55
+.9 months (range 2.3—4.8 months) in group B, and this is
much better than reported by Shih and Wang [13] with a
union time of six months. Rodriguez-Merchan [14] reported
a 92 % union rate after fixation with cannulated screws, and
Ort et al. [15] reported a 90.4 % union rate after fixation of
femoral neck fractures with DHS. This is comparable to our
union rate in group B (93.3 %) but higher than group A
(83.3 %). On the other hand, many orthopaedic surgeons
are still sceptical about the effect of PRP in bone healing
as in the study done by Gosens et al. [2] on open wedge
osteotomy of tibia which concluded that there was no posi-
tive effect of PRP on bone healing when comparing its use
with bone graft versus graft alone [2]. However, this study
had some limitations as it did not correlate the gap of the
osteotomy with the time of healing, and also the method of
local injection of PRP after closure of the wound may be
prone to leakage of some PRP. In contrast to our method of
injection directly into the fracture site that may be more
effective. These conflicting results may be also due to hae-
matological variations, the method of preparation and con-
centration of platelet used. Also, age is another important
factor that may have a direct influence on the haematologi-
cal character of PRP. In an animal study done by Urgas et al.
[16] about the efficacy of PRP on integration of
osteochondral defects with mosaicoplasty, he found that

Table 3  Summary of the results in relation to Garden’s classification

Grade Number of Number of non Time to union Incidence Revision HHS (last follow up), VAS (last follow up)
united cases united cases (mean+SD) of AVN cases mean+SD mean+SD

Grade 111 28 4 3.89+1.7 1 4 90.10+4.42 42411

Grade IV 25 3 4.11£1.1 2 4 88.17+4.51 39421

P-value 0.0753 0.0732 0.0672 0.0532 0.0651 0.0785 0.0734

AVN avascular necrosis, HHS Harris hip score, VAS visual analogue scale
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PRP produced a better healing response with superior histo-
logical scores than the control group [16].

The incidence of AVN in our study was (6.7 %) in group A
and (3.3 %) in group B with and overall incidence of 5 %.
These results were much better than the majority of previously
published data (ranging from 10 to 30 %) [17, 18].
Swiontkowski et al. [19] reported AVN rates of 20 % in fem-
oral neck fractures treated by cannulated screws, Barnes et al.
[20] reported an AVN rate of 22 % [20] and Ort et al. [15]
reported an AVN rate of 24 % in femoral neck fractures treated
by dynamic hip screw [15]. On the other hand, Zuckerman
etal. [21] reported that this complication will occur atan 11 %
lower rate in patients who were operated in the first 48 hours,
regardless of the fixation technique used [21]. This can ex-
plain our better results as all of our cases were done in the first
24 hours with nearly anatomical reduction, and stable fixation
in addition to good bone quality in all patients of our study.

Marwaha et al. [22] found patients experienced less pain
after total knee replacement when they were injected by PRP
than the control group with a better range of motion in the
first 12 weeks postoperatively in contrast to the results of
our series [22]. We found no statistical difference between
two groups as regards pain improvement (VAS) as well as
HHS. This was similar to the results reported by Peerbooms
et al. and Berghoff et al. [23, 24]. These differences may be
attributed to the reduction of the inflammatory reactions by
the use of a leucocytic filter by Marwaha et al. to produce a
leucocyte-free PRP.

The overall successful radiological healing rate in group A
was 83.3 % compared to 93.3 % in group B which was statis-
tically highly significant (p<0.0001). Nevertheless, the over-
all rate of fixation failure of all intracapsular fractures of the
femur is reported to be 20-35 % [20]; our study showed a
decrease in this rate which was recorded in group B (6.7 %).
This was significantly lower compared to the one observed in
group A (20 %).

Our study was only conducted at a single centre, by the
same surgeon with the same technique in reduction and fixa-
tion strategies. This probably reflects the better efficacy and
confidence of the results by elimination of the surgeon’s ef-
fect. In addition, a review of the admission and screening data
revealed no substantial differences between both groups as
regards the age, sex, and fracture displacement. Although
our study included a limited number of patient with a relative-
ly short follow up period, the results were more precise as we
excluded most of the secondary effects that can delay union by
our inclusion and exclusion criteria.

Conclusion

Despite the ongoing developments of new strategies and the
improvement of the existing ones for the treatment of fracture

neck femur, their management remains difficult. In the daily
clinical environment, many orthopaedic surgeons are still
sceptical about the current levels of evidence supporting the
use of biological response modifiers. Based on our results,
we conclude in favour of the use of PRP in the treatment of
femoral neck fracture as an adjuvant to the classic internal
fixation in terms of clinical and radiological efficacy. How-
ever, the use and clinical validation of PRP is still in its early
stages and it is mandatory to do further research to explore
the best and most effective method of preparation and the
ideal concentration to obtain maximum healing power and
avoid undesirable inflammatory reaction.
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