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ABSTRACT
Background This study retrospectively evaluated the 
clinical outcomes of intramedullary nailing of femoral 
shaft fractures with third fragments and analyzed the risk 
factors for delayed union.
Methods Retrospective analyses involving 51 patients 
who underwent intramedullary nailing of femoral shaft 
fractures with third fragments (AO classification type B, 
35 cases; type C, 16 cases) were conducted. Delayed 
union was defined as either more than 10 months 
required for callus formation in more than three of 
the four cortical bone surfaces observed in the frontal 
and lateral radiographic views or the requirement 
for additional surgery such as nail conversion or 
bone transplantation. Seventeen patients developed 
delayed union (D group). Thirty-four patients achieved 
bony union within 9 months (U group). The following 
background variables were compared between groups: 
age at the time of the injury; AO classification; ratio of 
open fracture; waiting period before surgery; rate of the 
infraisthmal fracture; diameter of the intramedullary nail; 
ratio of the intramedullary nail to the femur; length and 
displacement of the third fragment; and use of open 
reduction, poller screws, or dynamization.
Results Significant differences were found between the 
D and U groups for age (32.2±14.1 vs. 25.3±9.6 years), 
open fracture ratio (35.3% vs. 11.8%), and displacement 
of the third fragment (13.7±6.4 vs. 9±6.3 mm). Multiple 
logistic regression analysis only identified displacement 
of the third fragment as a risk factor for delayed union 
(p=0.03; OR 1.13; 95% CI 1.01 to 1.26).
Discussion Delayed union was observed in 17 cases 
(33.3%) after intramedullary nailing of femoral shaft 
fractures with third fragments. Displacement of the third 
fragment influenced delayed union.
Level of evidence Level III.

InTRoDuCTIon
Intramedullary nailing (IMN) is currently consid-
ered the gold standard for femoral shaft fractures 
(AO classification 32). Much has been reported 
regarding its favorable bony union rate and lower 
complication rates.1–7 However, delayed union or 
non-union after IMN occasionally occurs.8–12 These 
complications severely affect the activities of daily 
living and cause socioeconomic problems. Several 
risk factors for delayed union have been detected, 
such as AO classification type C, infraisthmal frac-
ture, and not using the reaming technique. However, 
a few reports have focused on the third fragment. 

Furthermore, the perception of whether it is better 
to use open reduction for the displacement of the 
third fragment is limited. If risk factors become 
evident, then developing a treatment strategy for 
comminuted fractures is helpful for reducing the 
suffering caused by these complications. This study 
retrospectively evaluated the clinical outcomes of 
IMN for femoral shaft fractures with third frag-
ments and analyzed risk factors for delayed union.

PATIenTS AnD MeThoDS
Patient characteristics
Between 2008 and 2015, a total of 105 skeletally 
mature patients with IMN of femoral shaft frac-
tures underwent treatment. Eighty-nine patients 
were included as study candidates after excluding 
those with subtrochanteric fractures (less than 5 cm 
distal from the lesser trochanter) and double frac-
tures (third fragment presented with a cylindrical 
shape). Among them, 74 patients were able to be 
followed up for more than 1 year (follow-up rate, 
83.1%). We recruited 51 patients who underwent 
IMN of femoral shaft fractures with third frag-
ments (AO classification type B, 35 cases; type C, 
16 cases), including one patient with an ipsilateral 
femoral neck, one with a femoral condyle, and one 
with a lower leg fracture. Two additional patients 
had contralateral proximal femoral fractures. 
There were 44 male patients (86.3%) and 7 female 
patients (13.7%). Mean age at the time of the injury 
was 27.6±11.6 years (range, 14–61). There were 
10 (19.6%) open fractures (Gustilo-Anderson clas-
sification type 1, four cases; type 2, six cases), but 
soft tissue reconstruction was not necessary for all 
cases. Motor vehicle crash was the most common 
cause of trauma (43 patients). Five patients were 
injured by falling from a height. One patient 
was injured in a skiing accident. One patient was 
injured in a hit-and-run motor vehicle crash with 
a truck. One patient was run over by a train. The 
mean follow-up period was 22±10 months (range, 
12–58). Exclusion criteria were pathological frac-
tures and a history of femur surgery.

Surgical techniques
Surgery was performed with the affected limb 
in traction on a fracture reduction table with the 
patient in the supine position. Antegrade IMN was 
performed for all cases (T2 Recon Nailing System; 
Stryker, Kalamazoo, MI, USA). Reaming was 
performed for 49 cases; two cases did not undergo 
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Figure 1 Nail-to-femur ratio. This was calculated as the ratio of the 
nail length (dotted line) to the femoral length (solid line).

reaming. Proximal locking screws were used in the antegrade 
femoral mode for 40 cases, and the recon mode was used for 11 
cases. Distal locking screws with both static and dynamic holes 
were used. Poller screws13 were used for 10 cases. Open reduc-
tion of the third fragment was performed simultaneously with 
IMN for 13 cases. Of these, cerclage wiring was performed for 
five cases. Additional surgery for fracture union was necessary 
for eight cases; nail conversion for four cases, a free bone graft 
for three cases, and a vascularized fibula graft for one case.

Definitions of delayed union
Delayed union was defined as either more than 10 months for 
callus formation in more than three of the four cortical bone 
surfaces observed in the frontal and lateral radiographic views 
or the requirement for additional surgery.

evaluations
First, patients were classified into two groups. Seventeen 
patients who developed delayed union constituted the D group. 
Thirty-four patients who achieved bony union within 9 months 
constituted the U group. The following background variables 
were compared between groups: age at the time of injury; AO 
classification; open fracture ratio; waiting period before surgery; 
infraisthmal fracture rate; nail diameter; nail-to-femur ratio 
(figure 1); length of the third fragment (figure 2; the average 
value of the measured longitudinal length of the third fragment 
in the frontal and lateral radiographic views); displacement of 
the third fragment (figure 3; the maximum value of the measured 
space between the cortical bone surface of the shaft and third 
fragment in the frontal and lateral radiographic views); and the 
use of open reduction, poller screws for infraisthmal fracture, or 
dynamization (removal of the distal locking screws as planned 
and accidental breakage of the locking screws). Second, the 
following background variables were compared for 13 patients 
who underwent open reduction: AO classification; length of the 
third fragment; and displacement of the third fragment.

Statistical analyses
Statistical analyses were performed using SPSS Statistics software 
(V.22; IBM). Variables were compared between the two groups 
using the Student’s t-test or χ2 test, and p<0.05 was considered 
significant. Furthermore, we analyzed the risk factors for delayed 
union or non-union using a multiple logistic regression analysis.

ReSuLTS
There were significant differences between age at the time of 
injury (32.3±14.1 vs. 25.3±9.6 years; p=0.04), ratio of open 
fractures (6 cases [35.3%] vs. 4 cases [11.8%]; p=0.05), and 
displacement of the third fragment (13.7±6.4 vs. 9±6.3 mm; 
p=0.02) for all patients in the D group and U group. There 
were no significant differences between groups regarding the 
AO classification (type B: 10 vs. 25 cases; type C: 7 vs. 9 cases; 
p=0.29), waiting period before surgery (3.8±7.8 vs. 2.1±4 
days; p=0.30), rate of infraisthmal fractures (9 cases [52.9%] 
vs. 17 cases [50%]; p=0.84), nail diameter (10.8±1.4 vs. 
10.1±1.3 mm; p=0.10), nail-to-femur ratio (90.4%±0.05% vs. 
90.3±0.03%; p=0.95), length of the third fragment (90.3±46 
vs. 77±40.8 mm; p=0.30), open reduction (6 cases [35.3%] vs. 
7 cases [20.6%]; p=0.26), poller screws (4 cases [23.5%] vs. 6 
cases [17.6%]; p=0.62), and dynamization (7 cases [41.2%] vs. 
13 cases [38.2%]; p=0.84) (table 1).

For 13 patients who underwent open reduction, there were no 
significant differences between delayed union and normal union 
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Figure 2 Length of the third fragment. This was the average value of the measured longitudinal lengths of the third fragment in the frontal (left) 
and lateral (right) radiographic views.
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Figure 3 Displacement of the third fragment. This was the maximum value of the measured space (total of 4 points) between the cortical bone 
surface of the shaft and the third fragment in the frontal (left) and lateral (right) radiographic views.
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Table 1 Clinical results of all patients in the D group and U group

D group
(n=17)

u group
(n=34) P value

Age, years 32.3±14.1 25.3±9.6 0.04

AO classification, B/C 10/7 25/9 0.29

Open fracture 6 (35.3%) 4 (11.8%) 0.05

Waiting period, days 3.8±7.8 2.1±4 0.30

Infraisthmal fracture 9 (52.9%) 17 (50%) 0.84

Nail diameter, mm 10.8±1.4 10.1±1.3 0.10

Nail-to-femur ratio, % 90.4±0.05 90.3±0.03 0.95

Length of the third fragment, mm 90.3±46 77±40.8 0.30

Displacement of the third fragment, mm 13.7±6.4 9±6.3 0.02

Open reduction 6 (35.3%) 7 (20.6%) 0.26

Poller screws 4 (23.5%) 6 (17.6%) 0.62

Dynamization 7 (41.2%) 13 (38.2%) 0.84

Table 2 Clinical results of 13 patients who underwent open 
reduction

Delayed union
(n=6)

normal 
union
(n=7) P value

AO classification, B/C 2/4 6/1 0.05

Length of the third fragment, mm 105.1±24 72.7±21 0.02

Displacement of the third fragment, mm 9.7±4.3 10.3±6.1 0.85

Table 3 Multiple logistic regression analysis of risk factors for 
delayed union

Factor oR 95% CI P value

Age 1.05 0.99 to 1.11 0.13

AO classification 2.78 0.59 to 13.1 0.19

Open fracture 3.13 0.62 to 15.9 0.17

Displacement of the third fragment 1.13 1.01 to 1.26 0.03

for displacement of the third fragment (9.7±4.3 vs. 10.3±6.1 
mm; p=0.85). However, the ratio of AO classification type C 
(4 cases [66.7%] vs. 1 case [14.3%]; p=0.05) and the length of 
the third fragment (105.1±24 vs. 72.7±21 mm; p=0.02) were 
significantly different (table 2).

The multiple logistic regression analysis showed that only 
displacement of the third fragment significantly affected delayed 
union (p=0.03; OR 1.13; 95% CI 1.01 to 1.26); however, 
age (p=0.13), AO classification (p=0.19), and open fracture 
(p=0.17) did not (table 3).

DISCuSSIon
We conducted retrospective analyses of 51 patients who under-
went IMN of femoral shaft fractures with third fragments. 
As a result, there were significant differences between the D 
group and U group for age at the time of injury, ratio of open 
fractures, and displacement of the third fragment. The main 
finding of this study was that the multiple logistic regression 
analysis showed that only displacement of the third fragment 
significantly affected delayed union.

The non-union rate after IMN of femoral shaft fractures 
ranges from 1% to 20%, depending on the type of fracture and 
surgical technique.14 At our institution, we treated 23 cases 
of AO classification type A at approximately the same time, 
and only one case developed into delayed union. However, 
the remaining 22 cases (95.7%) showed complete healing. 
Therefore, we limited our research to AO classification types 
B and C and excluded type A. As a result, delayed union was 
observed in 17 cases (33.3%). It was suggested that delayed 
union was not a negligible complication in cases of femoral 
shaft fractures with third fragments.

Several risk factors for delayed union or non-union have 
been detected, such as AO classification type C,15 16 length, 
displacement of the third fragment,17 18 and not using the 

reaming technique.19–21 Watanabe et al22 reported open frac-
tures, infraisthmal fractures, breakage of the locking screw, and 
inappropriate dynamization as risk factors for non-union after 
IMN. They recommended a combination of poller screws and, 
if possible, a larger diameter nail to improve the stability of the 
infraisthmal femoral fracture. In general, intervention could 
not be performed for factors related to fracture characteristics 
themselves, such as AO classification, open fractures, infra-
isthmal fractures, and length of the third fragment. However, 
intervention could be performed for factors related to surgical 
techniques. In this study, the nail diameter was more than 10 
mm, and the nail-to-femur ratio was more than 90% for both 
groups. Therefore, nails of an appropriate size were selected. 
Furthermore, reaming was performed for 49 (96%) of 51 
patients, with or without poller screws, and dynamization did 
not differ in both groups. Therefore, factors related to surgical 
techniques were considered to be eliminated.

Regarding the fracture characteristics, only displacement 
of the third fragment could undergo intervention with intra-
operative reduction. In this study, displacement of the third 
fragment was significantly larger in the D group, and multiple 
logistic regression analysis indicated that displacement of 
the third fragment was the only significant factor. Lin et al17 
reported that the union rates of the small-gap (≤10 mm) 
and large-gap (>10 mm) groups were 75.9% and 21.1%, 
respectively. They concluded that larger displacement of the 
fragment could indicate a worse environment resulting from 
potential soft tissue interposition and poor axial load-bearing 
ability. Lee et al18 reported that non-union developed signifi-
cantly more frequently with fragments 8 cm or longer or when 
the displacement was 20 mm or more in the proximal area 
and 10 mm or more in the distal area. We agreed with their 
perception that the degree of displacement has more influence 
on the union rate than the third fragment size. It was suggested 
that reduction of the third fragment is important. According 
to our results, displacement ≤10 mm is one possible reference 
standard for avoiding delayed union.

Approximately 10 mm of displacement remaining despite 
open reduction was considered to be due to cerclage wiring 
only being performed for only five cases in this study. However, 
whether open reduction and cerclage wiring are effective for 
bony union is a controversial topic. In this study, 6 of 13 cases 
that underwent open reduction developed into delayed union. 
In contrast to seven cases that achieved bony union, there 
were no significant differences in displacement of the third 
fragment; however, the ratio of AO classification type C and 
the length of the third fragment were significantly different. 
Damage to the surrounding soft tissues, such as the periostea, 
muscles, and vessels, was suspected to be worse in these frac-
ture patterns, and additional damage due to open reduction 
itself could have adversely affected bony union. Burç et al23 
reported that for 44 patients with femoral shaft fractures with 
open reduction, the complete union rate was 90.9% for 40 
patients; the non-union rate was 9.1% for four patients who 
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underwent IMN. They concluded that the open technique 
was acceptable because the results of their study were similar 
to the results of the closed IMN technique in the literature. 
However, their study was composed of 34 patients with AO 
classification type A and 10 patients with type B. It was not 
mentioned whether non-union cases were observed for type A 
or type B, but the results were considered difficult to accept. 
Therefore, further investigations must be performed to deter-
mine whether open reduction is effective for bony union.

Wagner24 mentioned the locking compression plate (LCP) as 
an alternative to IMN and other fixation techniques, especially 
for cases of multifragmentary shaft and metaphyseal frac-
tures of the femur. Apivatthakakul and Chiewcharntanakit25 
reported good clinical results for 26 patients who achieved 
complete bony union; only 2 of 28 patients treated with the 
minimally invasive plate osteosynthesis (MIPO) technique 
using a broad dynamic compression plate had delayed union 
(AO classification type B, 13 patients; type C, 15 patients). 
Wenda et al26 similarly recommended the MIPO technique 
for comminuted femoral shaft fractures. We used IMN as our 
first choice of treatment for femoral shaft fractures. However, 
application of the LCP with the MIPO technique might be 
considered for AO classification types B and C, depending on 
the length and displacement of the third fragments.

This study had several limitations. First, only a small number 
of patients were included. Second, this was not a prospective 
study. Larger scale prospective studies should be conducted 
so that rigorous analyses can be performed. Third, different 
surgeons had performed the operations. However, we think 
the risk factors related to fracture characteristics themselves 
could be rigorously evaluated with minimum bias because 
unified nails were used for all cases, and there were no signifi-
cant differences between groups regarding the waiting period, 
nail diameters, nail-to-femur ratio, or the use of open reduc-
tion, poller screws, or dynamization, which were all related to 
surgical techniques.

In summary, we used IMN as our first choice of treatment, 
even for comminuted femoral shaft fractures. However, 
delayed union rates were not low, especially for fractures with 
larger and more displaced third fragments. Surgeons should 
try to reduce displacement so that improved clinical results 
can be achieved for these fracture patterns.

ConCLuSIonS
We retrospectively evaluated the clinical outcomes of IMN of 
femoral shaft fractures with third fragments and analyzed the 
risk factors for delayed union observed in 17 cases (33.3%). 
Significant differences were found for age at the time of injury, 
ratio of open fractures, and displacement of the third frag-
ment. The main finding of this study was that, according to the 
multiple logistic regression analysis, only displacement of the 
third fragment significantly affected delayed union. According 
to our results, displacement ≤10 mm is one possible refer-
ence standard for avoiding delayed union. If surgeons predict 
that displacement of the third fragment ≤10 mm cannot be 
achieved using a closed maneuver, then open reduction using a 
bone clamp or cerclage wire should be considered.
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