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Abstract

Background: Accounting for approximately 5% of the bone fractures in the human body, the shaft of the humerus is one of the
most common long bone fracture sites. Humerus fracture may be associated with several complications: radial nerve damage,
bone infection, and non-union and mal-union of the bone. Autologous bone marrow injections are considered to decrease these
complications and accelerate union and healing in non-unions.

Objectives: The present study investigates the effect of autologous bone marrow injections on the union rate in humerus fractures.
Patients and Methods: For this interventional clinical trial, patients with humerus fracture referred to the emergency ward of
Bagiyatallah and Imam Hossein hospitals were enrolled in the study. Thirty-six patients with a mean age of 33.97 & 10.08 years
underwentanalysis. Demographicinformation, type of fracture, para-clinical test results, and initial X-ray results were recorded on a
predesigned questionnaire. Patients were randomly assigned to either bone marrow injection or cast only (non-surgical) treatment.
Patients were followed up one, two, three, four, six, twelve, and sixteen weeks after injection or cast (non-surgical) therapies with
lateral and anterior-posterior radiography. Details regarding union time and mal-union or non-union were recorded.

Results: The mean time of union was 8.54 + 3.41 weeks for the individuals followed in the study. On average, union took 7.04 & 2.49
weeks for the injection group, while it took 10.41 % 3.26 weeks for the control group (P=0.002). In the sixth week, 16 (80%) patients
from the injection group and 4 (25%) individuals from the control group had radiographic changes (P=0.001). Union changes were
seen in 19 (95%) patients from the injection group and 12 (75%) individuals from the control group at the end of the twelfth week (P
=0.108). All patients in both groups had complete union 16 weeks after their respective treatments (P = 0.31).

Conclusions: Due to the high risk of non-union and mal-union in humerus shaft fracture, and because applying this simple and
inexpensive technique significantly decreased these complications, injecting autologous bone marrow grafts is recommended for
accelerating union in cases of humerus fracture.
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1. Background

Accounting for approximately 5% of bone fractures in
the human body, the shaft of the humerus is one of the
most common sites for long bone fractures (1, 2). The
definitive diagnosis of humerus fractures is usually made
by radiography and most cases can be treated without
surgical intervention. The most common non-surgical
treatment for long bone fractures is hanging cast or arm
splints. Union of humerus fractures takes several weeks or
months and involves special care instructions that the pa-
tient should follow. Humerus fractures may be associated
with several complications, such as radial nerve damage,
bone infection, and non-union and mal-union of the bone
(3,4).

About 10% of extremity fractures result in non-union
or mal-union and a higher percentage end up with delayed
union. The rate of non-union is estimated to be 5.5% af-
ter closed treatment of humerus shaft fractures (5). Ac-
cepting minor amounts of displacement is better than sur-
gical intervention in which the complications overweigh
the minor possible benefits. Currently, expensive medi-
ators like prostaglandins and bone growth factors (bone
morphogenetic proteins, and platelet-derived and fibrob-
last growth factors) are used for accelerating union and
healing non-unions (6-8). These factors are assumed to act
as signaling agents in cell division and differentiation of
bone tissue (8).

Thus, because of the high cost associated with the ap-
plication of bone growth factors, the high rate of com-
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plications due to surgical intervention, and the necessity
for early union in humeral fractures, finding an inexpen-
sive method with fewer complications for earlier fracture
union seems to be necessary. Injecting autologous bone
marrow is an alternative method that addresses these is-
sues and has been being used for other types of fractures
in previous studies (9, 10).

2. Objectives

In the present study, we aimed to investigate the ef-
fect of injecting autologous bone marrow to the fractured
humerus bone on decreasing the number of cases of de-
layed union and non-union and providing faster union.

3. Patients and Methods

This interventional clinical trial was conducted be-
tween August 2012 and August 2014 in the emergency
wards at Bagiyatallah hospital and Imam Hossein hospi-
tal. After being informed of the study process and possi-
ble complications, and signing informed consent, patients
with humerus fractures were enrolled in the study. De-
mographic information, type of fracture, para-clinical test
results, and X-ray results were recorded on a predesigned
questionnaire. Patients greater than 65 years of age or
those who had had previous surgery on the arm or in-
dications for surgical intervention (pathologic, open or
segmental fracture, floating elbow, multi-trauma patients,
and new onset radial nerve palsy) were excluded from
the study. Patients experiencing their first humerus frac-
ture and those between 18 and 65 years of age with one-
communition fracture were included in the study.

Patients were randomly assigned to either bone mar-
row injection or cast only (non-surgical) treatment using
arandom-number table. For patients in the bone marrow
injection group, an autologous bone marrow graft from
theiliac bone crest on the same side as the fracture was ex-
tracted under anesthesia using a 16 no. bone marrow as-
piration needle; using the same aspiration needle, 5 mL of
this graft wasinjected into the fractured bone under image
intensification by a single orthopedic surgeon in the emer-
gency ward. Patients in both the control and injection
groups were given a hanging cast on the fractured arm. Pa-
tients were followed up at one, two, three, four, six, twelve,
and sixteen weeks after injection or cast (non-surgical)
therapies with lateral and anterior-posterior radiography.
Details regarding the union time and mal-union or non-
union were recorded. Non-union was defined as no pro-
gression of bone union after 6 months. Mal-union was ra-
diologically indicated when the site of fracture was visible

and the ends had not sclerosed. Casts remained on the pa-
tients until complete union was observed on X-ray; those
with non-union or deformities underwent surgical treat-
ment.

Datawere analyzed using the statistical package for the
social sciences (SPSS) version 16 (SPSS Inc. Chicago, IL) for
windows. Frequencies, means, and standard deviations
were measured for quantitative variables. Qualitative vari-
ables were expressed as percentages. The Chi square test
was used to compare categorical variables. A p value of less
than 0.05 was considered statistically significant.

4. Results

Thirty-six patients with a mean age of 33.97 + 10.08
years underwent analysis. There was no significant differ-
ence between the two groups with regard to age (Table 1, P
=0.615).

In both the injection and control groups, most cases
were male. There was no significant difference between
the two groups for distribution of gender (P = 0.57). Pa-
tients had a mean weight of 76.47 + 9.42 kg in both groups.
Patients in the injection group had a mean weight of 75.5
=+ 8.34 kg, while the mean weight was 77.68 + 11.05 kg in
the control group. There was no significant difference be-
tween the two groups for weight distribution (P = 0.497).

The mean height of the patients in both groups was
172.11+£ 8.43 cm. Patients in the injection group had a mean
height of 170.9 + 7.28 cm, while the mean height of pa-
tients in the control group was 173.62 £ 9.72 cm. There was
no significant difference between the two groups with re-
gard to height (P = 0.343). Two (10%) patients in the injec-
tion group and 1 (6.2%) patient in the control group had
diabetes. Four (20%) patients in the injection group and
2 (12.5%) in the control group had hypertension. For the
study subjects, the mean time of union was 8.54 + 3.41
weeks.

No changes were observed in the radiographs after two
weeks. Two (10%) patients in the injection group showed
bone callus formation after 4 weeks (P=0.302). In the sixth
week, 16 (80%) patients in the injection group and 4 (25%)
individuals in the control group had radiographic changes
(P =0.001). Union changes were seen in 19 (95%) patients
in the injection group and 12 (75%) patients in the control
group at the end of the twelfth week (P=0.108). All patients
in both groups had complete union 16 weeks after their re-
spective treatments (P = 0.31). On average, union took 7.04
=+ 2.49 weeks for the injection group, while it took 10.41 +
3.26 weeks in the control group. Patients in the injection
group had a significantly faster union time compared to
patients in the control group (P =0.002).
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One (6.25%) patient in the control group had a non-
union complication after 12 weeks and subsequently un-
derwent surgical treatment; no patients in the injection
group experienced non-union (P = 0.076). In addition, 1
(6.25%) patient in the control group had bone angulation
in the fourth week and subsequently underwent open re-
duction internal fixation (ORIF), while no patients in the
injection group experienced mal-union complications (P =
0.444).

Table 1. Demographic Information for the Study Individuals

Variable Injection, n=20 Control,n=16 PValue
Age, (y, mean = SD) 33.20 £10.81 34.94 £9.35 0.615
Male, No. (%) 13(65) 10 (62.5) 0.57
Weight, (kg, mean + 75.5 £ 8.04 77.68 £ 11.05 0.497
SD)
Height, (cm, mean + 170.9 4= 7.28 173.62 £ 9.72 0.343
SD)
Diabetes mellitus, No. 2(10) 1(6.2) 0.585
(%)
Hypertension, No. (%) 4(20) 2(12.5) 0.446
Table 2. Treatment Results for the Study Individuals
Variable Injection,n=20 Control,n=16 PValue
Union time, (week, 7.04 £ 2.49 10.41 £ 3.56 0.002
mean =+ SD)
Non-union, No. (%) 0 1(6.25) 0.444
Mal-union, No. (%) (4] 1(6.25) 0.444
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Figure 1. Union Cumulative Percent in the Two Groups over 16 Weeks
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5. Discussion

We found that injecting autologous iliac crest bone
marrow into the fractured bone significantly decreased
the union time and incidence of non-union complications
when compared to the control group. Cadet et al. (5) re-
ported thatopen reduction and internal fixation with com-
pression plating and bone graft are standards of care in
treating humeral shaft non-unions and provides a union
rate of greater than 90%. Previous studies mention a va-
riety of modalities for managing and decreasing compli-
cations in humerus and long bone shaft fractures. Some
suggest grafts and some suggest bone marrow injections
for treating non-union and mal-union of fractures. Autol-
ogous bone marrow accelerates healing as a stimulator of
mesenchymal cells (osteo-induction) and as a space filling
agent (osteo-conduction) (9).

Sen et al. (11), in a review article comparing iliac crest
bone graft (ICBG) with other methods of treating non-
union, concluded that ICBG the only clinically available
graft source that contains viable precursor cells is the
gold standard for treating non-unions. They also men-
tion that there is no clinical evidence for greater effec-
tiveness or superiority in other modalities such as ceram-
ics, platelet-rich plasma, or bone morphogenetic proteins
(BMPs). Flierl etal. (12), in a prospective study assessing the
complication rate of different bone grafting modalities in
the management of long bone non-unions, conclude that
bone autograftis the most efficacious modalityin the treat-
ment of non-unions when compared to allograft, BMP,and
allograft/autograft combination methods. They show that
the autograft modality results in less time to union need
for revision surgery and postoperative infection compared
to other methods.

Shrivastav et al. (13) conclude that autologous bone
marrow injection is an effective method for managing
non-union or delayed union of long bone fractures, which
is in agreement with the present study. They also mention
that a combination of marrow with osteoinductive and os-
teoconductive materials may greatly decrease the need for
operative grafting in delayed and non-union bone heal-
ing. After evaluating patients with delayed or non-union
of bone fractures, Singh et al. conclude that multiple in-
jections of low-volume bone marrow are useful for treat-
ing these conditions (10). Eapen et al. (14) assessed the ef-
fect of bone marrow injection on treating non-union frac-
tures in 34 patients. In this study, patients with no clinical
or radiological signs of union were selected and aspirated
bone marrow from theiliac crest was injected into the frac-
ture site. After following patients at 6 weeks, 12 weeks and
6 months, a union rate of 72% was recorded. The authors
mention that this method is safe, economical, and techni-
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cally easy for use in the healing of bone fractures.

5.1. Conclusion

Due to the high risk of non-union and mal-union in
humerus shaft fractures reported by previous studies and
because applying this simple and inexpensive technique
has resulted in earlier union, the injection of autologous
bone marrow is recommended for accelerating union in
humerus fractures. Further studies are suggested to inves-
tigate the effectiveness of this technique with a larger sam-
ple size and in fractures of other long bones.
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