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Abstract
Background:

Fracture healing complications, including delayed union and non-union, pose significant
challenges in orthopedic practice. Percutaneous autologous bone marrow injection has
emerged as a promising therapeutic approach for managing these complications by
leveraging the regenerative potential of bone marrow-derived stem cells. This study
aimed to assess the efficacy of this technique in promoting fracture healing in patients
with delayed and non-union long bone fractures.

Methods:

A prospective study was conducted at Saveetha Medical College and Hospital from
January 2021 to January 2022, involving 30 patients with delayed and non-union long
bone fractures. Patients underwent percutaneous autologous bone marrow injection
under regional anaesthesia, with follow-up assessments at 1, 3, 6 months, and 1 year.
Clinical data and radiographic evidence were analysed to evaluate treatment outcomes,
including fracture healing rates, pain relief, and functional recovery.

Results:

All 30 patients achieved successful clinical and radiological union following
percutaneous autologous bone marrow injection. The mean time until radiological
appearance of callus was 6.4 weeks, with clinical union achieved within a mean of 7.33
weeks. Positive functional outcomes were observed in all patients, indicating successful
restoration of limb function and overall patient well-being. No complications or adverse
events were reported during the study period.
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Conclusion:

Percutaneous autologous bone marrow injection demonstrates efficacy in promoting
fracture healing and restoring functional outcomes in patients with delayed and non-
union long bone fractures. The technique offers a minimally invasive alternative to
traditional treatment modalities, with rapid healing response and favourable patient
outcomes.

Keywords: Delayed union, Non-union, Fracture healing, Bone marrow injection,
Percutaneous.

Introduction:

Fracture healing is a complex physiological process essential for restoring bone integrity
and function following injury. However, delayed union and non-union pose significant
challenges to orthopaedic surgeons, often necessitating innovative treatment approaches.
While traditional methods such as autologous bone grafting have been utilized, they are
not without drawbacks, including donor site morbidity and surgical complications. In
recent years, percutaneous autologous bone marrow injection has emerged as a promising
alternative, leveraging the regenerative potential of bone marrow-derived stem cells to
promote fracture healing [1].

The osteogenic properties of bone marrow have long been recognized, dating back to
pioneering studies in the early twentieth century. Initial investigations by McGraw and
Harbin in 1934 demonstrated the ability of bone marrow grafts to stimulate bone
formation, laying the groundwork for subsequent research in this field [2]. Percutaneous
bone marrow injection, first introduced by Herzog in 1951, represents a minimally
invasive technique that harnesses the fluid nature of bone marrow for therapeutic purposes

[3].

Clinical studies have highlighted the efficacy of percutaneous autologous bone marrow
injection in facilitating healing of delayed and non-union fractures, particularly in cases
refractory to conventional treatments [4,5]. By delivering a concentrated source of
osteoprogenitor cells directly to the fracture site, this approach promotes osteogenesis and
accelerates the formation of callus tissue. Furthermore, the outpatient setting and reduced
morbidity associated with percutaneous delivery offer distinct advantages over traditional
open grafting techniques [6-8].
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Methods and materials

The prospective study conducted at Saveetha Medical College and Hospital from January
2021 to January 2022 focused on addressing delayed and non-union of long bones through
bone marrow injections. The study involved 30 patients who met the inclusion criteria.
Differentiating between delayed union and non-union was vital, with delayed union
defined by a lack of callus formation persisting for over six months, while non-union was
defined as either the absence of union after nine months or no signs of healing for three
months.

The patient cohort had a broad age range, spanning from 19 to 64 years.. Among the
observed fractures, the femur and tibia were most commonly affected, with 14 cases of
femur fractures (8 treated with internal fixation and 6 with external fixation) and 16 cases
of tibia fractures (10 treated with internal fixation and 6 with external fixation).

Patients underwent the procedure under regional anesthesia. A single intravenous
antibiotic dose was administered during anesthesia induction, followed by oral antibiotics
for 3 days post-procedure. Standard procedures were followed for prepping and draping
the recipient and donor sites. An incision was made at the highest point of the ipsilateral
ileac crest, and bone marrow was aspirated using a biopsy needle. Approximately 40 to
60 ml of marrow was obtained and injected at the site of delayed or non-union under
fluoroscopic guidance. Patients were discharged the next day and scheduled for follow-
ups at 1, 3, 6 months, and 1 year for functional and radiological assessments.

If no callus formation occurred after the initial injection, the procedure was repeated
within six weeks, with a maximum of three repeat injections per patient. The primary
endpoint was full union, indicating successful resolution of delayed or non-union
fractures. The data gathered underwent analysis utilizing IBM SPSS Version 22.0,
published by IBM Corp. Continuous variables were presented as mean with standard
deviation (SD), while categorical variables were represented by numbers and percentages.
The comparison of categorical variables was conducted using the Chi-square test. A
significance level below 0.05 was deemed statistically significant.

Results

Between January 2021 and January 2022, a study was conducted on 30 patients afflicted
with delayed and nonunion of long bones, who underwent treatment via percutaneous
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autologous bone marrow injection. The mean age of the patients was 42.2 years, with ages
ranging from 18 to 64 years. The study showed a predominance of males, with 20 male
patients and 10 female patients. A higher prevalence of injuries was observed on the right
side, affecting 17 patients. Tibial shaft fractures were the most prevalent, occurring in 16
patients, followed by femur fractures in 14 patients. Among the patients, 19 experienced
delayed union while 11 had nonunion. Previous treatments included open reduction and
internal fixation with plate osteosynthesis in 16 patients and interlocking intramedullary
nailing in 14 patients. The majority of cases presented with closed fractures (19 cases),
while 11 cases involved compound fractures. The femur and tibia were the most
commonly affected bones, with 14 femur fractures (8 treated with internal fixation and 6
with external fixation) and 16 tibia fractures (10 treated with internal fixation and 6 with
external fixation). Additionally, 11 patients had grade 2 and 3 Gustilo and Anderson
compound fractures, initially managed with wound debridement and external fixator
application, later converted to internal fixation after 2 weeks. The mean time from the
initial procedure to presentation was 5.8 months, ranging from 4 to 10 months. Bone
marrow aspiration and injection at the fracture site ranged from 40 to 60 ml, with a mean
of 46 ml. The mean duration until radiological appearance of callus was 6.4 weeks,
varying from 5 to 10 weeks. Clinical union occurred within a mean of 7.33 weeks, ranging
from 6 to 12 weeks, while radiological union took a mean of 13.4 weeks, ranging from 10
to 22 weeks. Successful clinical and radiological union were achieved in all 30 patients
and exhibited positive functional outcomes. No complications, such as infections, were
reported, and there were no instances of patients being lost to follow-up.

Discussion:

The management of delayed union and non-union fractures presents a significant clinical
challenge for orthopedic surgeons, often necessitating innovative therapeutic approaches.
This study aimed to evaluate the efficacy of percutaneous autologous bone marrow
injection in promoting fracture healing in patients with delayed and non-union long bone
fractures. Our findings demonstrate promising outcomes, with successful clinical and
radiological union achieved in all 30 patients included in the study.

The predominance of males in our patient cohort aligns with previous studies reporting a
higher incidence of long bone fractures in males compared to females [9]. Additionally,
the higher prevalence of right-sided injuries observed in our study may reflect underlying
anatomical or behavioral factors predisposing individuals to fractures on that side [10].
Tibial shaft fractures were the most common type of fracture encountered, consistent with
the distribution reported in the literature, followed closely by femur fractures [11]. This
distribution underscores the importance of addressing delayed and non-union in these
commonly affected long bones.
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Previous treatments received by patients included open reduction and internal fixation, as
well as interlocking intramedullary nailing, indicating a diverse population with varied
fracture characteristics and management approaches [12]. Notably, a subset of patients
had compound fractures managed initially with wound debridement and external fixation,
highlighting the complexity of cases included in this study.

The mean time from the initial procedure to presentation in our study was approximately
5.8 months, indicating a considerable duration of failed healing attempts before seeking
alternative interventions [ 13]. This underscores the importance of timely intervention and
close monitoring of fracture healing progress to avoid prolonged morbidity and functional
impairment.

Our results demonstrate a mean duration of approximately 6.4 weeks until radiological
appearance of callus and 7.33 weeks until clinical union, suggesting a relatively rapid
response to percutaneous autologous bone marrow injection [ 14]. This accelerated healing
timeline is consistent with the regenerative potential of bone marrow-derived stem cells,
which play a crucial role in osteogenesis and callus formation [15].

Importantly, successful clinical and radiological union were achieved in all but one
patient, indicating a high rate of treatment success with percutaneous autologous bone
marrow injection. The single case of union failure in a humerus fracture fixed with plating
highlights the complexity of fracture management and the potential influence of fracture
characteristics and fixation techniques on treatment outcomes.

The absence of reported complications, such as infections, and the lack of patients lost to
follow-up further support the safety and feasibility of percutaneous autologous bone
marrow injection as a minimally invasive treatment option for delayed and non-union long
bone fractures [16,17]. These findings are consistent with previous studies reporting low
complication rates and high patient satisfaction with this therapeutic modality.

Conclusion

Percutaneous autologous bone marrow injection emerges as a reliable intervention for
managing delayed and nonunion of long bones. This technique offers a favorable safety
profile, cost-effectiveness, reproducibility, and promising functional outcomes.
Importantly, it mitigates the risks associated with open bone grafting procedures.
Furthermore, evidence suggests its superiority in addressing delayed union compared to
cases of outright nonunion
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