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Abstract

Background Average bone healing times of common fractures in adults ranges from 3 to 12 weeks and is location dependent.
Platelet Rich Plasma (PRP) stimulates natural healing process through growth factors contained in platelets and has been
employed for the same in delayed unions.

Methods All patients > 18 years and documented delayed union were included in the study. Patients were followed up
monthly after each Leucocyte-rich PRP (LR-PRP) injection and a decision for repeat PRP injection was taken on basis of
visible impression in radiograph after previous injection.

Results Total 36 patients were studied in which 5 patients were lost to follow-up. Union was achieved in 28/31 (90.3%).
20 (71.4%) patients required only single PRP injections. 4 (14.3%) patients required 2 PRP injections, 3 (10.7%) patients
required 3 PRP injections and 1 (3.6%) patient required 4 PRP injection. There was no significant correlation of number of
PRPs to time from 1st PRP-union or time from last PPR- union.

Conclusion Single/multiple dose percutaneously administered LR-PRP can be used as a fruitful alternative to catalyze union
in patients having delayed union irrespective of site of injury.

Keywords PRP - LR-PRP - Delayed union - Diaphyseal fracture - Fracture healing - Metaphyseal fracture - Non-surgical

treatment

Introduction

A bone heals by direct and indirect method and is often
affected by biology and stability at fracture site [1]. Itis a
complex physiological process involving coordinated inter-
action of hematopoetic and immune cells within bone mar-
row, in conjuction with vascular and skeletal cell precursors
which are dependent on a gamut of cytokines and growth
factors [2].

Average healing times of common fractures have been
suggested in literature as follows: Phalanges (3 weeks),
metacarpals (4-6 weeks), distal radius (4-6 weeks), lower
arm (8-10 weeks), humerus (8—10 weeks), tibial shaft
(10 weeks), femoral neck (12 weeks) and femoral shaft
(12 weeks)[1, 3, 4]. Delayed union, by definition, is present
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when an adequate period of time has elapsed since the initial
injury without achieving bone union.

Platelet Rich Plasma (PRP) stimulates natural healing
process through growth factors contained in platelets. When
PRP is injected at the fracture site, not only the process of
physiological healing is accelerated but also tends to provide
an anti-bacterial effect [3, 5]. Various studies have reported
a beneficial effect of PRP in both nonunions and delayed
unions [6-11].

Material and Methods

The study was conducted on patients presenting to ortho-
pedics OPD at our tertiary care center either operated at
our center or elsewhere. The inclusion criteria included: (i)
age > 18 years, (ii) documented delayed union at follow-up.
Exclusion criteria was (i) no signs of union in follow-up, (ii)
pathological fracture, (iii) lost to follow-up.

All patients meeting the inclusion criteria, giving a
informed consent were included in the study. Union was
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evaluated on orthogonal radiographs and was defined as
union of at least 3 cortices and no pain at fracture site
[12-14]. Delayed union was defined as inadequate but
some consolidation (<3 cortices on orthogonal views) on
follow-up radiographs taken at least 2 months after from
date of surgical fixation and no pain at fracture [8, 15, 16]
Patients were followed up monthly after eachLeucocyte
rich PRP (LR-PRP) injection and a decision for repeat
LR-PRP injection was taken on basis of visible impres-
sion in radiograph after previous injection. Time to union
from surgery, from 1*'LR-PRP and last LR-PRP injec-
tion was noted along with number of LR-PRP injections
required to do so. The endpoint was radiographic union.
Preparation of LR-PRP: 10 ml of autologous blood was
withdrawn in ACD tubes and PRP was prepared using
double spin method protocol standardized by the insti-
tute. Autologous blood was first centrifuged in centrifuge
(Remi R8 C fixed angle microcentrifuge) at 1500 rpm
for 15 min from which plasma was separated then it was
again centrifuged at 2500 rpm for 10 min. Prepared PRP
was later kept in platelet agitator (Terumo Penol platelet
incubator and agitator PI400) for 30 min for activation.
Method of LR-PRP injection: LR-PRP injection was
given under aseptic conditions. The needle was directed
under radiographic guidance towards the fracture site.
The final injection was given at the center of fracture.

Results

Total 36 patients were studied in which 5 patients were
lost to follow-up (total sample n=36; excluded n=35;
total patients included n=31). Mean age of patients were
42.68 +17.44 years (range 18-74 years). There were 24
(85.7%) male patients and 4 (14.3%) female patients. 5
(17.9%) patients had open injury while 23 (82.1%) patients
had closed injury. 17 (60.7%) patient had affected side as
left, 10 (35.7%) had right side affection and 1 patient had
bilateral affection.

3/31 (9.7%) patients showed no signs of union despite
PRP (total patients evaluated for outcome n=28). 1 patient
had equivocal signs union of proximal tibia with only 2 cor-
tices were united, but is walking pain-free. Two patients had
nonunion but did not opt for any further intervention. Union
was achieved in 28/31 (90.3%) and were used for statistical
analysis.

20 (71.4%) patients required only single LR-PRP injec-
tions. 4 (14.3%) patients required 2 LR-PRP injections, 3
(10.7%) patients required 3 LR-PRP injections and 1 (3.6%)
patient required 4 LR-PRP injection. There was no signifi-
cant correlation of number of LR-PRPs to time from 1st
PRP-union or time from last PRP- union. Independent sam-
ples test showed no significant difference for distribution of
values across various fracture sites for time from surgery to
union (p=0.51), time from 1st PRP to union (p=0.70), time
from last LR-PRP to union (p =0.63) and no. of LR-PRPs
administered to achieve union (p=0.75). Table 1 shows in
detail the parameters studied. Figures 1 and 2 are showing

Table 1 Table showing the time from surgery to union, time from 1st PRP to union, time from last PRP to union and no. of LR-PRPs adminis-

tered to achieve union for individual fracture sites and overall

Fracture site Sample (n) Surgery time surgery- time lst PRP- time last Average no. of
union union PRP-union LR-PRP injec-
(months) (months) (months) tions
Metatarsal 1 K-wire 4 1 1 1
Patella 1 TBW 7 5 5 1
Intertrochanteric femur 1 PFN 5 3 2 2
Supracondylar femur 3 DFLP 7 5 4.67 1
Proximal tibia 5 hybrid fixator (n=2) 9.4 6 6 1
ORIF with plating (n=3)
Both bone forearm 1 ORIF with plating 14 11 11 1
Radius 1 ORIF with plating 5 2 2 1
Shaft of femur 6 CRIF with IM IL nail (n=5) 7.5 5.17 4.17 1.67
ORIF with plating (n=1)
Shaft of humerus 1 ORIF with plating 6 4 4 1
Shaft of tibia 8 CRIF with IM IL nail (n=4) 9 4.13 3.25 1.88
MIPPO (n=3)
llizarov (n=1)
Total 28 8.07 4.82 4.29 1.46
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Fig.1 Figure showing immediate postoperative radiograph A of
42 year old male with distal tibia spiral fracture treated with open
reduction and internal fixation with medial distal tibial plate. Figure

B shows 3 months postoperative radiograph demonstrating delayed
union following which PRP was given and figure C shows 1 month
postinjection radiograph demonstrating union

Fig.2 Figure showing immediate postoperative radiograph A of
34 year old female with distal tibia shaft fracture treated with closed
reduction and internal fixation with intramedullary interlocking nail
and distal shaft fibula treated with open reduction and internal fixa-

radiographic effect of LR-PRP on healing following delayed
union.

Discussion

Delayed union and nonunion are two phases of bone heal-
ing disorders [9]. Impaired healing can occur in 10-15% of
fracture patients leading to delayed union or non-union [17].
Impaired healing can show various characteristics such as
persistent pain at fracture site and poor callus formation seen
as a persistent radiolucent line on radiograph [6, 18].

Many modalities have been reported to deal with delayed
union. Often a bone graft or bone graft substitute is used

tion with 6 hole DCP. Figure B shows 5 months postoperative radio-
graph demonstrating delayed union following which PRP was given
and figure C shows 2 month postinjection radiograph demonstrating
union

to act as a biologic stimulus. Various substitutes in recent
times have been developed vastly. Bioactive factor such as
BMP-2 has been confirmed to promote healing of bone and
has also been approved by US FDA for the same. PRP is
being widely used as a new safe and cheaper experimental
tool to achieve union in such cases. PRP has been used a sole
modality of intervention or along with other modalities such
as biomaterial scaffolds, bone grafting and mesenchymal
stem cells [10, 19, 20]. Both PRP (LR-PRP) and Platelet
concentrates or LP-PRP has been used in for delayed unions
and non-unions worldwide, although the data is inadequate
for a proper comparison due to difference in method of prep-
aration and inadequate data on platelet concentration in PRP
used [3, 8, 9, 15, 21].
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Healing occurs in three phases: inflammation, prolifera-
tion and remodeling. Oryanet al in a review on effect of PRP
on bone healing showed that various growth factors play an
important role such as platelet derived growth factor, vas-
cular endothelial growth factor, transforming growth factor
—beta, fibroblast growth factor, insulin-like growth factor,
epidermal growth factor and platelet factor-4 [22]. Platelets
release growth factors and cytokines when activated, which
regulates the inflammatory phase of bone healing and modu-
lates soft and hard callus development and bone remodelling
[23]. Growth factors can effectively influence bone healing
due to their major regulatory function on cell migration, pro-
liferation, differentiation, and maturation, as well as matrix
synthesis and remodelling [22, 24].

Healing rate and time taken to unite are two common
determinants that has been used in literature to determine
the efficacy of PRP in delayed union [8, 9, 16]. Samuel
et al. studied 40 delayed unions and showed a union rate
of 78% with PRP compared to 59% in control group. The
mean time to fracture union following a PRP injection
was 15.33 +9.91 weeks (approximately 3.5 +2.25 months)
[8]. Though the control group in study by Samuel et al.
showed a lesser union rate, it also showed a non-significant
tendency of earlier union without PRP [8]. This may be
an incidental statistical finding.Bielecki et al showed a
mean union time of 9.3 weeks (5-12 weeks) following
PRP injection in delayed union with all delayed unions
achieving union (100% healing rate) [16]. This is com-
parable to our study which showed union following 1st
PRP injection at mean duration of 4.82 + 3.49 months.
A higher duration in our study may be due to COVID19
related delays in getting follow-up radiographs of these
patients. Ghaffarpasand et al reported 81.1% union rate
for nonunion of long bone fractures in PRP group as com-
pared to 55.3% with placebo of 5 ml normal saline in a
RCT of 75 patients. We had 90.3% union rate with PRP
(See Table 2 for comparison with literature). A shorter
healing duration (8.1 + 1.2 months) was reported in PRP

group as compared to placebo group (8.5 +0.7 months).
The mean duration for union in our study was compara-
ble with 8.1 +3.9 months. The mean duration for union
was 7.9 +0.6 months for upper extremity fractures and
8.4 + 1.3 months for lower extremity fractures in PRP
group [7].

Carlos et al. showed an earlier bone consolidation with
PRP exhibiting union at mean of 19.9 weeks in contrast to
25.4 weeks without PRP. However, they did bone grafting at
the site for delayed union in all cases and thus results may be
confounded [10]. Duramaz in a study on 29 patients showed
that long bone nonunions had a nearly significant tendency
(»p=0.053) to heal faster with PRP (16.71 +2.4 weeks) than
exchange nailing (19.07 +3.67 weeks). Also, healing with
PRP showed a 92.8% success with PRP as compared to 80%
with exchange nailing. The healing rate with PRP is compa-
rable to our study [11].

Li et al. in their systematic review showed that healing
rates with PRP differed from as low as 30% to upto 100%
[9]. This 30% union rate was found by Say et al. in their
study on 8 delayed union and 12 nonunions [25].When com-
menting on only delayed unions, the healing rate boosted to
75% [25]. Kaushik et al reported a union rate of 65% with
PRP for delayed union with mean union time of 3 months
[5]. Taking this fact into account, the union rate was 65%-
100% in delayed union cases [5, 9, 25]. Li et al. also showed
that odds of healing increased by 3.07 (1.37-6.87) when
PRP was used in non-union as compared to control groups.
Though they used only 3 studies for this calculation, i.e., by
Ghaffarpasand et al., Carlos et al. and Samuel et al. [7-10].
A comparison of LR-PRP and LP-PRP was not made in our
study due to limited data on quality of PRP used in different
studies in terms of platelet concentration.

Various complications have been reported with PRP such
as local infection, subcutaneous hematoma, transient subcu-
taneous swelling and postinjectionpain. We did not find any
such complication in our study [9]. A lower sample size and
strict aseptic precautions may be the reason for same.

Table 2 Comparison of

. . ) . Study Mean time from PRP treatment to radio- Union rate Type of PRP

various studies reporting union logical union (in months)

following PRP injection in

delayed union of fractures Our study 8.07 90.3% LR-PRP
Ravish et al. [3] 4.2 88% LR-PRP*
Chaudhary et al. [21] 4.8 83.3% LR-PRP*
Bielecki et al. [16] <11 100% LR-PRP
Samuel et al. [8] 3.5 78% LP-PRP*
Say et al. [25] 6.5 75% LR-PRP*
Golos et al. [15] 6.2 81.8% LR-PRP*
Kaushik et al. [5] 3 83.3%** LP-PRP*

*Not mentioned in study but estimated type as per method of preparation. (LR-PRP: Leucocyte Rich PRP,
LP-PRP: Leucocyte Poor PRP). **In delayed union group (in non-union group the rate of union was 57%)
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Based on our findings and literature review, we recom-
mend that LR-PRP should be used in all suspected cases of
delayed union, if not responding, multiple serial injections
can be tried. With a union rate of >75% in most studies, it
can be used to avoid unnecessary re-surgeries and complica-
tions related to bone grafting.

The sample size is either comparable to or greater when
compared for most of the studies reported in literature. Limi-
tations of the study include delays in getting proper follow-
up radiographs due to COVID19 pandemic and absence of
a control group to compare the effect of LR-PRP in delayed
union in given population.

Conclusion

Single dose percutaneously injected LR-PRP can be used
as a fruitful alternative to catalyze union in patients hav-
ing delayed union irrespective of site of injury, although
sometimes multiple injections at regular intervals may be
needed. Multicentric RCTs, although, are recommended to
determine the usefulness of this particular intervention as
compared to no intervention, other invasive interventions
such as bone grafting or non-invasive intervention such as
ultrasonography and difference between effectiveness of LR-
PRP and LP-PRP.
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