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Abstract
Background: Although a variety of bone graft substitutes have been introduced into the treatment of bone non-unions, results from current clinical evidences
are various and contradicting. This paper presents our experience and the outcomes about the combination of demineralized bone matrix (DBM) and platelet
rich plasma (PRP) used as a bone graft substitute in the surgical treatment of long bone non-unions.

Methods: Data of this retrospective study was reviewed and collected from a consecutive case series involving 16 patients who had a long bone non-union
and treated in our department from October 2018 to May 2019. DMB and PRP were applied as a bone defect �ller during the index operation. Patients’
demographics, postoperative complications and the result of bone union were evaluated.

Results: The postoperative drainage exceeding 48 hours were demonstrated in 6 patients, but all removed within 7 days. Immediate postoperative
complications were noted in 3 patients. Two of them developed incision exudation and delayed incision healing (exceed 2 weeks) and was cured with a
course of local wound care. No graft rejection, heterotopic ossi�cation or other complications were noted. Bony union was identi�ed clinically and
radiographically in 15 of the 16 patients, with a mean time of 7.5 months.

Conclusions: The present study found low incidence of postoperative complications and satisfactory bony healing rate could be achieved in the treatment of
long bone non-unions augmented with the combination of DBM and PRP. Although these �ndings might indicate the promising future of this treatment
protocol, larger and higher quality studies should also be executed to assess its routine use.

Background
With a prevalence estimated to be 5%-10% in long bones [1], the non-union is a disabling disease characterized by the cessation of bone regeneration and the
failure of fracture healing. Treatment of non-unions is highly individualized, long lasting and burdensome, and normally requires a dramatic and effective
utilization of resources [2, 3]. Autografting is considered as the mainstay of strategy for the management of non-union since the autogenous bone is equipped
with the essential elements required in bone regeneration in term of osteoconductivity, osteoinductivity and osteogenesis, as well as the lack of
immunogenicity. But the limited supply and donor site morbidities might restrict the application of autogenous bone and led surgeons into an increasing
desire of seeking for other options [5]. A variety of biomaterials substitutes, which are available in various forms and large quantities, have been introduced,
such as including bone marrow aspirate, allografts, bone substitute materials and biological factors. Although attractive, these novel substitutes have yielded
inconsistent results when they were used in clinical settings, either combined or alone [6, 7, 8].

Among these substitutes, PRP is plasma fraction available from peripheral blood containing higher platelet concentration and considerable amounts of
growth factors which are responsible for cellular proliferation, matrix formation, and the collagen synthesis [9]. It has been shown to promote bone repair and
soft tissue maturation in many clinical situations [10]. But when used independently, PRP does not produce the desired stimulatory response and provides
little bene�t for bone tissue repair if a large volume of bone defect exists [6, 8, 11]. Demineralized bone matrix (DBM) is a decalci�ed allogeneic bone tissue
which still preserves collagen, non-collagen proteins, small percentage of growth factors and cellular debris [12]. The plasticity enables DBM to be suitable for
�lling and repairing bone defects [6]. However, when it was used for the treatment of non-unions, the results were not so encouraging for its’ high incidences of
complications and low healing rate (approximately 65% – 84%) [13, 14].

In the present study, the combination of DBM and PRP was applied as a bone graft substitute in the treatment of long bone non-unions. DMB was selected for
its osteoconductive and osteoinductive effects based on its physical framework and some bioactive substances, which is lacked in PRP. The characteristic of
DBM allows it can be applied in reconstruction of bone defects and could be mixed with various other materials, such as normal saline, antibiotics solution,
autograft, allograft, bone marrow aspirate, whole blood or platelet concentrate [7]. PRP has been shown to signi�cantly reinforce the osteoinductivity of DBM
when used as an adjuvant without thrombin activation [15]. It can also evoke active responses in promoting the repair of the soft tissue, thus decreasing the
related compolications and optimizing the biological environment for bone regeneration. So theoretically, the application of DBM and PRP together might
reinforce the healing of bone non-unions than when they were used independently [15]. However, only few animal studies have evaluated the e�cacy of the
combination of DBM and PRP as a bone substitute and even less articles reported clinical outcomes when it used in the treatment of bone non-unions [16]. We
therefore initiated this treatment protocol in which we used the combination of DBM and PRP as a bone graft material to evaluate the outcomes of this
combination in in the treatment of long bone non-unions.

Methods

Patients Demographics
Data was reviewed and analyzed from the patients who were diagnosed with a bone non-union and underwent our treatment protocol in the trauma center of
Shanghai sixth people’s hospital from October 2018 to May 2019. Patients with pathological fractures, osteonosus, cancers, immune disorders,
thrombocytopenia, platelet dysfunction, large bone defects exceeding 5 cm of diameter, infectious non-unions, and hypertrophic non-unions without any
previous therapeutic intervention (e.g., dynamization, exchange nailing) were excluded from this protocol. This study was performed according to the
standards of the Declaration of Helsinki. Patient consents to the treatment protocol were obtained accordingly.

Finally, data from a total of 7 males and 9 females with mean age of 41.2 years (ranging from 28 years to 61 years) was evaluated retrospectively in this
study, and 3 cases (accounting for 18.8%) had a history of a previous open fracture. Six of them underwent more than one prior surgical interventions.
Hypertension and diabetes were identi�ed in 5 patients and had been controlled effectively. Causes of injury, localizations of non-union site, types of non-
union and other details of the patients’ demographics were tabulated in Table 1.
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Table 1
Patients Demographics

No. of
patients

Sex Age
(year)

Affected
side

Causes of
injury

Previous
Open
fracture

Number
of
previous
surgeries

Location of
nonunion
site

Types of

non-union

Initial
hardware

Chronic
disease

Duration
of non-
union

1 F 46 L Tra�c
accident

  2 Femoral
supracondyle

Atrophic plate hypertension 18

2 F 47 L Tra�c
accident

  1 Tibial
proximal
segment

Oligotrophic plate   24

3 M 43 R Fall Y 4 Tibial mid-
shaft

Oligotrophic plate   16

4 F 61 L machinery
accidents

  1 radial mid-
shaft

Oligotrophic plate hypertension,
diabetes

18

5 M 38 R Fall   2 Femoral mid-
shaft

Oligotrophic plate   16

6 F 36 R Tra�c
accident

Y 2 Tibial mid-
shaft

Atrophic plate   9

7 M 32 L Trip   1 Clavicular
mid-shaft

Oligotrophic plate   18

8 F 29 L Sport
injury

  1 Humeral mid-
shaft

Oligotrophic intramedullary
nail

  12

9 F 32 R Tra�c
accident

Y 2 Tibial mid-
shaft

Atrophic plate   20

10 F 56 R Fall   1 Femoral mid-
shaft

Oligotrophic plate hypertension,
diabetes

14

11 M 28 L Trip   1 Clavicular
mid-shaft

Oligotrophic plate   15

12 M 31 R Fall Y 1 femoral
supracondyle

Oligotrophic plate   15

13 M 31 L Tra�c
accident

  1 Tibial mid-
shaft

Oligotrophic intramedullary
nail

  12

14 F 56 R trip   1 proximal
humerus

Oligotrophic plate diabetes 20

15 M 41 R Tra�c
accident

Y 2 Tibial mid-
shaft

Oligotrophic plate   12

16 F 52 R Sport
injury

  1 tibial distal
segment

Oligotrophic plate hypertension 16

Surgical Procedures
Non-union was de�ned as a fracture that not consolidate for a minimum of 9 months without signs of healing for at least 3 months [17], and patients were
assessed by radiological appearances (e.g., x-ray, CT, PET-CT), clinical symptoms (e.g., deformity, abnormal activities, infection) and laboratory targets (e.g.,
white blood cell count, erythrocyte sedimentation rate, C-reactive protein) to identify if a bone infection or an osteonosus exists.

The index surgeries were performed by the same surgical team. After anesthesia, 50 ml of autogenous blood was drawn from peripheral vein and was isolated
by two-step centrifugation for the preparation of PRP (5ml). To avoid devascularization, the periosteum or soft tissues surrounding the non-union site was
carefully protected when exposing. Radically debridement of intervening scar tissue between the non-union site and re-open of medullary canals were
performed to allow rapid neovascularization and migration of osteogenic cells. The initial hardware was not removed routinely unless they were loosened or
there were requirements for debridement, �xation revision or deformity correction. The bone defects caused by debridement was then �lled with the paste
mixed by DBM putty (Allomatrix, Wright Medical Technology, Inc. Memphis, TN, USA) and PRP at a ratio of 5:1. In patients with a big size of bone defect,
allogeneic bone was used for volume augmentation if necessary, and the amount was determined by the size of the defect and the experience of surgeons
(Fig. 1). An additional plate would be implanted depending on the demand of mechanical stability. After the placement of a suction drain, standard wound
closure and pressure dressing were performed.

Postoperative Management And Follow-up
All patients were treated with perioperative antibiotic prophylaxis and were informed to quit smoking. Low-molecular weight heparin was given for 2 weeks for
patients undergoing the lower extremity surgery. Anteroposterior and lateral position X-ray �lms were taken within 3 days postoperatively. Normally, the suction
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drain was kept for 2 days and was removed if the daily drainage volume was less than 30ml/24h. Otherwise, the suction drain would be persisted. However,
this practice has been changed in 1 patient, his drain was removed on postoperative day 7 even though the last daily drainage volume was more than 45 ml.
Passive and active range-of-motion without weight-bearing were encouraged for early rehabilitation within the �rst 4 weeks, and then weight-bearing and
strengthening exercises were recommended depending on radiological �ndings. Patients were followed up at monthly intervals postoperatively for
radiographic and clinical assessment of bony union, which was de�ned as the presence of bridging callus formation on at least 3 out of 4 cortices in two
different planes and the ability to painless weight-bearing.

Outcome Measures And Statistics
Outcomes including the drainage time, postoperative complications and the time of bony union were reviewed from medical records and follow up data and
were was summarized by descriptive statistics using SPSS 22.0 (Chicago, IL, USA). Postoperative complications include incision exudation, delayed wound
healing or long-term disunion, super�cial or deep infections, and graft rejection. Functional recovery was not assessed because there is a lack of a uni�ed
criterion when the affected limbs and localizations of non-union site were different between patients.

Results
Details of the surgical treatment protocol for each patient were listed in Table 2. The bone defect sizes varied between patients and allogeneic bone was
added for augmentation in 5 cases (Table 2). There were 6 of 16 patients whose postoperative drainage persisted beyond 48 hours. In 5 patients, the suction
drain was removed within 4 days (Fig. 2). Only in 1 patient (case 15) the drainage was kept for 7 days and was removed even though there was still a daily
drainage volume more than 45 ml. But no positive symptoms or result of bacterial culture indicating a super�cial or deep infection were found.

Table 2
Surgical protocol and postoperative outcomes

  Numbers of cases

Bone grafting materials  

DMB + PRP 11

DMB + PRP + allograft 5

Immediate postoperative complications  

Exudation (and delayed incision healing) 2

Subcutaneous hematoma 1

Recurrence of bone non-union 1

Incision exudation and delayed incision healing (exceed 2 weeks) were observed in 2 patients (case 6, 15), one of which was the same patients with 7-day
postoperative drainage. They were �nally healed after a 3-week course of local wound care including devitalized tissue removal and hydrogel dressing.
Subcutaneous hematoma was detected in 1 patient (case 13) after the removal of the suction drain and was cured with percutaneous aspiration and pressure
dressing (Table 2). There was no infection, graft rejection, heterotopic ossi�cation or any other complications related to surgeries had been noted, and no one
need an additional surgical intervention.

During the follow-up period (ranging from 12 months to 20 months; average 15.4 months), in nearly half of the patients, formation of bony callus appeared on
radiographs within 4 months after grafting operations. Whilst, obvious graft absorption at the grafting area was also observed in many patients, mainly within
6 months postoperatively. Fifteen patients demonstrated postoperative clinical union with painless lifting or weight bearing and achieved bony union on
radiographical evaluation. However, the distribution of bony healing time was rather scattered, ranging from 3 months to 14 months (mean time 7.5 months)
(Fig. 3). Persistent non-union was observed in 1 patient (case 12) at his last visit (16 months postoperatively), in whose X-ray showed the appearance of screw
loosening, sclerosis and atrophy at fracture sites and no signs of callus formation. He refused further surgical intervention and could not be available for
follow-up after that time point. Despite that, he was still included in this study since the data form him was su�cient for analyses.

Discussion
The present study demonstrated promising preliminary results in the surgical management of uninfected long bone non-unions with the combination of DBM
and PRP used as a bone graft substitute. Initially, this treatment protocol was mainly applied as a salvage for patients who were unwilling to accept an
additional harvesting surgery or who had limited availability of autogenous bone due to the history of several previous harvesting surgeries. In this series, the
combination of DBM and PRP acted as a safe and effective bone graft substitute as the incidences of local or systemic complications was relatively low, and
bony union was achieved in 15 out of 16 patients at the end of follow-up. In addition, comparing with autogenous or allogenous bone, the combination of
DBM and PRP exhibited a superior capability of cavity packing as it can be made into various shapes according to the �lling part. Besides, it could be
concluded that the surgical time, as well as multiple associated complications, would be reduced as there is no need for an additional procedure of an
autogenous bone harvesting.

Ziran and colleges identi�ed signi�cant incidences of prolonged drainage, postoperative complications and failure of healing (46%) following with the
application of DBM for patients with non-unions [13]. However, in view of too many patients with a history of previous infection in their study, the authors
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inferred that the inadequately treated bone infection might be a main contributor to the occurrences of postoperative complications and the failure of bony
healing. They also surmised that a compromised tissue bed might be another possible reason for the development of subcutaneous hematoma and
postoperative infections [13]. Encouraging results were found in Hierholzer’s study which retrospectively analyzed 78 patients with non-unions of humeral
shaft fractures. The time to union and healing rate in the DBM-augmentation group was comparable to those of the autograft-augmentation group. The
authors emphasized that the careful and appropriate operative procedures might play an important role in ensuring the success of their treatment protocol
[18].

Based upon the experiences from these studies, multiple active measures were taken in our clinical practice, including comprehensive examinations and
perioperative antibiotic coverage to monitor and prevent infections, careful and radical surgical debridement, minimal injury to the surrounding soft tissues,
adequate postoperative drainage, and rigid �xation of the non-union sites, all of which were of great bene�ts for preventing potential complications and
facilitating bone regeneration. Concerning the poor physical stability of the DBM, a crucial principle in our operation was the complete coverage to bone graft
materials with periosteum or other surrounding soft tissues so that it could provide a protection to the integrity of the graft material and a reconstruct the
biological environment for bone regeneration. Bene�t from these measures, we encountered relatively low incidence of local or systemic complications in this
series.

A �nding of the present study is that we noticed most of the patients with prolonged drainage duration and incision-related complications have poor quality of
local soft tissue (due to a previous history of open fracture). It might indicate that use of the DBM and PRR couldn’t be regarded as a signi�cant independent
risk factor to the increased postoperative complications.

Still another important observation was that obvious radiolucent area, without bone proliferation or even with bone absorption, appeared on radiographs in
many patients. Only some tiny radiopaque bone fragments were visible in the graft area, which were believed to be left over from the surgical intervention and
decalci�ed bone debris of the DBM. That might mislead surgeons into having a suspicion of the recurrence of bone non-union. The exact mechanism of this
phenomenon is di�cult to know. It was probably caused by the excellent absorbability of DBM and a slow process of bone proliferation at the non-union site.
In this series, the healing time was various between patients and excessed 9 months in several patients. Since we initially had no data on the time necessary
for bony healing under this situation, hence the observation time would be prolonged and were mainly determined by the radiographical appearance in which
there were signs of progressive bone formation or bony bridge in 3 consecutive months.

Although satisfactory outcomes were obtained in this series, several limitations were identi�ed but di�cult to avoided. Due to the absence of comparison
groups and the small simple size, the clinical bene�ts of the using the combination of DBM and PRP instead of other bone graft materials couldn’t be veri�ed
with convincing evidences. Whilst, some clinical variables, such as the defect size and non-union sites, were not standardized.

Conclusions
Our experience and preliminary clinical data based on this study suggest that, if properly administered, the combination of DBM and PRP could serve as a
safe bone graft substitute in clinical practice for non-union, especially for patients with limited availability of autogenous bone or patients with
contraindication for an additional harvesting surgery. Due to the limitations of the present study, further rigorous researches, randomized controlled trials or
otherwise, are still indicated for the investigation on its routine use.
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DBM; demineralized bone matrix; PRP:platelet rich plasma; CT:computed tomography; PET:positron emission tomography.
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Figure 1

The CT scans (A, B, C) and the preoperative X-ray �lms (D, E) identi�ed the nonunion of femoral supracondyle. The Judet decortication technique was used to
expose the nonunion sites, and the paste comprised of DMB, PRP and allograft was implanted to �ll the bone defect, covered with allogenous cortical bone
around. Postoperative anteroposterior (F) and lateral (G) position �lms of X-ray were taken 3 days after surgery. The follow-up radiographic image showed
bony union was achieved at 6 months (H, I). The hardware was removed 16 months postoperatively (J, K).
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Figure 2

Column chart showing the situation of postoperative drainage persistence.
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Figure 3

Column chart outlining the distribution of bone healing time (15 patients; mean time: 7.5 months).


