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Abstract: Background: Delayed union and non-union are complications of fracture healing and remain problematic to treat. 

Approximately 5% of all long bone fractures result in delayed union which most often progresses to non-union if not intervened. 

Delayed union is a potentially chronic condition associated with pain and functional and psychosocial disability. Delayed union is at 

substantial risk for becoming a non union without further intervention. There is no study available on treatment methods for delayed 

union of long bone fracture of lower limb including reaming in staged manner. Materials and Methods: A randomized controlled study 

was conducted in the Department of Orthopaedics, ESI-PGIMSR model hospital, Basaidarapur New delhi. Total of 50 patients 

diagnosed to have delayed union of factures of long bones such as femur, tibia and fibula were included as cases and divided into two 

groups on the basis of randomization protocol decided prior to study. In group 1, technique 1 of reaming utilized which includes 

reaming of proximal fragment first with increasing size of reamer then reaming of distal fragment with increasing size of reamer. In 

group 2, technique 2 of reaming utilized which is classical technique of reaming both the fragments in sequential manner. Both the 

groups followed by nailing of adequate sizes and predetermined post-operative protocol. Statistical analysis was done using chi-square 

test and odds ratio. Results: Both groups were compared for (1) duration from procedure and initiation of bridging callus, and (2) 

duration from procedure and complete union. Both groups were compared for the (3) number of patients required re-surgery for bone 

grafting in case of delayed union or non-union after procedure. Group 1 showed mean duration of 2 months from procedure and 

initiation of bridging callus and mean duration of 10 months from procedure and complete union. Only 5 patients in group 1 required 

re-surgery for bone grafting. While in group 2, mean duration from procedure and initiation of bridging callus found to be 3 months 

and mean duration from procedure and complete union found to be 12 months. 13 patients in group 2 required re-surgery for bone 

grafting. There is clinically significant difference found between two groups in terms of re-surgery for bone grafting. Discussion: 

Inadequate treatment of a fracture can result in delayed union. The ultimate goal of treating surgeon is to promote fracture healing and 

prevent complications like delayed union and non union. In our study we found better results with technique one of doing the reaming 

of proximal fragment first with increasing size of reamer then reaming of distal fragment with increasing size of reamer than technique 

two of reaming both the fragments in sequential manner in terms of speed of bone healing and recovery. 
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1. Introduction 
 
Fracture healing becomes problematic for treating 
orthopaedists when this is complicated by delayed union/ 
non-union. This complication is seen by orthopaedists very 
commonly now-a-days in day to day OPD. Delayed union of 
a long bone fracture is defined as a fracture not healed over 
a period of time that would be adequate for healing of the 
fracture in that region and is at risk to go into non-union if 
not intervened. Delayed union and non-union of a long bone 
should be considered as a continuum when the patient is not 
intervened by treating orthopaedists at adequate time. 90- 95 
% of all fractures of long bones usually heal with-/ without 
posing any problem to the treating orthopaedist.[1,2] While 
considering delayed union, this comprises of not more than 
5 % of all fracture cases of long bones. But this entity poses 
a great problem to both treating surgeon in terms of planning 
and multiple operative procedures as well as to the patient in 
terms of pain, functional and psychosocial disability, 
increased dependency and financial burden.[3] There are 
ample of causes like anatomical, biochemical, nutritional 
and hormonal factor that contributes to the occurrence of 
delayed union/ non-union reported in books and literature. 
Keeping the insight of all these contributing factors led to 
the development of multiple techniques reported in literature 
which breaks the continuum of delayed union and non-union 

and aid in the early complete union of delayed union long 
bone fractures.[4,5,6] We are conducting this study to 
compare the two techniques of reaming for delayed union 
long bone fractures to show the effectiveness of easy, new 
and innovative modification of reaming technique on 
healing rates of delayed union long bone fractures. 
 

2. Materials and Methods 
 
A randomized controlled study was conducted in the 
Department of Orthopaedics, ESI-PGIMSR model hospital, 
Basaidarapur New delhi. Total of 50 patients clinically and 
radiologically diagnosed to have delayed union of factures 
of long bones such as femur, tibia and fibula presented to 
orthopaedic OPD during the study period of July 2012 to 
July 2013 were included in the study as cases and divided 
into two groups with 25 patients in each group on the basis 
of randomization protocol decided prior to study and taking 
into consideration inclusion and exclusion criteria 
mentioned below. 
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Table 1:  Inclusion and Exclusion Criteria 

S. No. Inclusion criteria Exclusion criteria 

1. Age 18-60 years Open fractures 
2. Delayed union long bone fractures 

of lower limb 
Pathological 

fractures 
3. Delayed union duration up to 5 

months 
Signs of infection 

4. Delayed union lower limb fractures 
managed previously with nailing 

Uncontrolled 
diabetes mellitus 

5. Delayed union lower limb fractures 
managed conservatively in cast 

Excessive smoking 

 
In group 1, technique 1 of reaming utilized which includes 
reaming of proximal fragment first with increasing size of 
reamer then reaming of distal fragment with increasing size 
of Reamer. In group 2, technique 2 of reaming utilized 
which is a classical technique of reaming both the fragments 
in sequential manner with increasing size of reamers. Both 
the groups followed by nailing of adequate sizes and 
predetermined post-operative protocol. Post-operative 
protocol – Patients in both the groups started with static and 
dynamic quadriceps exercises from next day of the surgery. 
Once patients become comfortable, they were allowed to 
walk with assistive devices (walker) non-weight bearing / 
toe-touch walking. Suture removal done in all cases at 14 
days after thorough inspection of wound. Partial weight 
bearing with walker started from 3 weeks and progressed to 
full weight bearing at 6 weeks without walker. 
 
Clinical and radiological evaluation – All the patients in two 
groups were assessed clinically for pain/tenderness on 
palpation at fracture site, difficulty in weight bearing, 
pain/tenderness at the fracture site while weight bearing and 
radio-logically for fracture healing utilizing radiographs in 
two orthogonal views. Clinical and radiological assessment 
done at 3weeks,6 weeks,3months, 6 months,9 months,12 
months and 15 months post-operatively. 
 
Both groups were compared for (1) duration from procedure 
and initiation of bridging callus, and (2) duration from 
procedure and complete union. Both groups were compared 
for the (3) number of patients required re-surgery for bone 
grafting in case of no healing progression or non-union after 
procedure. Patients who will require re-surgery will be 
operated with autologous bone grafting procedure from iliac 
crest. 
 

3. Results 
 
Both the groups were demographically similar in terms of 
age, sex and site of fracture. Out of 50 patients of both 
groups enrolled in the study, 32 patients with delayed union 
long bone fracture achieved bone healing/union by the last 
follow up of 15 months. Total of 18 patients in both groups 
required re-surgery due to non-progression of fracture 
healing after the procedure. 
 

Table 2: Demographic Distribution 
S. No. Entity Group 1 Group 2 

1 No. of cases 25 25 
2 Age (mean age in years) 46 years 48 years 
3 Sex (M:F) 18:7 20:5 
4 Site of fracture (femur : tibia) 6 : 19 4 : 21 
5 Re-surgery (no. of patients) 5 13 

Group 1 showed mean duration of 2 months from procedure 
and initiation of bridging callus and mean duration of 10 
months from procedure and complete union. Only 5 patients 
in group 1 required re-surgery for bone grafting. While in 
group 2, mean duration from procedure and initiation of 
bridging callus found to be 3 months and mean duration 
from procedure and complete union found to be 12 months. 
13 patients in group 2 required re-surgery for bone grafting. 
There is clinically significant difference found between two 
groups in terms of re-surgery for bone grafting. Statistical 
analysis was done using chi-square test and odds ratio. 
 

4. Discussion 
 
Fracture healing is a biological process involving cellular 
response for bone formation which requires mechanical 
stability, adequate blood supply and good bony apposition. 
The most productive source of cells that influence 
osteogenesis is considered to be autologous marrow. The 
healing response may be negatively affected by the severity 
of the injury ie. open fractures [7,8], suboptimal surgical 
fixation and a combination of other indirect factors such as 
infection [7], smoking [8-10], excessive use of NSAIDS 
[11], diabetes mellitus [7,8,12], Delay in onset of treatment 
and initial modality of treatment [13] which can predispose 
to delayed union/ non-union of long bone fractures. We have 
included most of these factors in exclusion criteria to rule 
out the maximum confounding factors we can so that results 
which we get should be more genuine. 
 
The work of Paley et al

 [14], Connolly et al [15], Garg et al
 

[16], R bhargava et al [5] showed that bone marrow 
aspiration from iliac crest and injecting it into the vicinity of 
fracture site in cases of delayed union long bone fractures 
helps in achieving early and complete bone healing in most 
of the cases. 
 
This idea prompt us to formulate this technique of reaming 
which helps in concentration of marrow around fracture site 
without doing bone marrow aspiration from iliac crest and 
additional procedure of injecting bone marrow locally in 
vicinity of fracture site. On the basis of previous studies on 
bone marrow injection in fracture vicinity for delayed union 
long bone fractures, we formulated a technique of reaming 
which concentrates the bone marrow of long bone proximal 
fragment around the fracture site which may helps in early 
healing of fracture. 
 
We have included delayed union long bone fractures of 
lower limb of up to 5 months duration and excluded all cases 
with associated risk factors for non-union such as open 
fractures, infection, cigarette smoking and uncontrolled 
diabetes so that most of the confounding factors can be 
excluded and results came out to be more genuine. 
 
We found better results with our new, innovative technique 
of reaming for delayed union long bones fracture of less 
than 5 months duration compared to classical technique of 
reaming. Only 5 patients required re-surgery after our 
technique of reaming compared to 13 patients in other group 
who required re-surgery. 
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All the 18 cases who required re-surgery with autologous 
bone grafting from iliac crest in our study healed well at the 
last follow-up. 
 
The only problem with our new technique of reaming we 
found was it takes more time during surgery compared to 
other group as this technique requires two times the number 
of reaming required for the classical technique of reaming 
and more amount of radiological exposure compared to 
other group intra-operatively. 
In review of literature we didn’t find a single study 
mentioning this technique of reaming for delayed union long 
bone fracture of lower limb which is innovated at our 
institute and this is the only study conducted comparing two 
techniques of reaming for delayed union long bone fractures. 
 
In conclusion, our study showed better results with 
technique one of doing the reaming of proximal fragment 
first with increasing size of reamer then reaming of distal 
fragment with increasing size of reamer than technique two 
of reaming both the fragments in sequential manner in terms 
of speed of bone healing and recovery. But in future this 
requires a large sample group study with stringent inclusion 
and exclusion criteria to validate the effectiveness of this 
new innovative technique. 
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