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A B S T R A C T

Introduction: Diaphyseal femur fractures are relatively common, and up to 39% of these cases involve a third 
fragment. These types of fractures present a unique challenge due to their high risk of non-union, reported in up 
to 14% of cases. Despite their frequency, there is still no consensus on the optimal management of the third 
fragment in these fractures.
The purpose of this retrospective study was to compare the clinical and radiological outcomes of patients who 
underwent reduction of the third fragment with those who did not, to determine the characteristics of the third 
fragment that warrant reduction, and to suggest the best approach.
The hypothesis is that an open reduction of the third fragment is to be avoided as it increases the risk of non- 
union.
Material and methods: This retrospective monocentric study analysed clinical data from patients diagnosed with 
diaphyseal femur fractures at our Unit between 2010 and 2022. Radiological data encompassed the length and 
width of the third fragment, the fracture gap, its proximity to the proximal and distal cortex, the greatest cortex- 
to-cortex distance, and the orientation of the third fragment. Other factors considered included patient age, BMI, 
sex, type of surgery performed, fracture fixation method, occurrence of complications, specific complication 
types, incidence of mortality, and duration of follow-up.
Results: Seventy patients were included in the study; 24 patients underwent osteosynthesis with plates and 
screws, while 46 patients were treated with intramedullary nailing. Descriptive analysis revealed no statistically 
significant difference in the characteristics of the third fragment between patients who experienced complica
tions and those who did not.
Surgical technique for osteosynthesis (plates and screws Vs intramedullary nailing) also showed no statistically 
significant differences, conversely the open reduction and synthesis of the third fragment is a statistically sig
nificant complication predictor.
Conclusion: The management of the third fragment remains a challenge. In our series of patients third fragment 
characteristics and type of osteosynthesis did not influence the risk of complications. However, the determining 
factor was found to be the open reduction of the third fragment.
Level of evidence: IV

1. Introduction

Diaphyseal femur fractures are relatively common. Erivan et al. 
report an average of 10,617 femoral diaphysis fractures per year in 
France between 2013 and 2021 [1]. Intramedullary nailing has long 

been considered the preferred treatment for these fractures due to its 
favourable outcomes [2,3]. However, approximately 10–34% of femoral 
fractures present a three-fragment configuration with a sizable butterfly 
fragment, classified as type 32B according to the AO/OTA classification 
system. These types of fractures, characterized by the presence of a third 
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fragment, pose a unique challenge for orthopaedic surgeons. These 
fractures have a high risk of non-union, occurring in up to 14% of cases 
[4], and there is currently no consensus on the optimal management of 
the third fragment. Understanding the risks associated with non-union 
and delayed union is critical to preventing potential complications of 
such fractures.

In 2022, Yang S. et al. reported a low union rate in fractures with a 
significantly displaced or reversed third fragment, indicating that the 
anatomical reduction should aim to bring the fragment as close as 
possible to its original position [5]. Conversely, Laydown et al. reported 
a union rate of 92% for flipped intercalary fragments with t closed 
reduction and intramedullary nailing [6].

Hamahashi et al. suggested that the degree of comminution of the 
third fragment is a key factor contributing to delayed union [7]. How
ever, the healing time may be affected by the blood supply disruption, 
which can occur as a result of open reduction and internal fixation. This 
highlights the ongoing debate regarding the indications for open 
reduction of free fracture fragments following intramedullary nailing, as 
well as the optimal method of fixation after reduction [8].

The purpose of this retrospective study was to compare the clinical 
and radiological outcomes of patients who underwent anatomical 
reduction of the third fragment with those who did not, to determine the 
characteristics of the third fragment that warrant reduction, and to 
suggest the best approach.

The hypothesis is that an open reduction of the third fragment is to be 
avoided as it increases the risk of non-union.

2. Patients, methods and procedure

2.1. Patients

A retrospective analysis was conducted on a consecutive series of 
diaphyseal femur fractures, treated with osteosynthesis, performed from 
April 2010 until March 2022 at our Unit.

Inclusion criteria for the study were diaphyseal femur fracture with a 

third fragment (types 32B2 and 32B3 according to the AO-OTA classi
fication), a minimum follow-up period of twelve months, and patients 
who were of legal adult age. Exclusion criteria included fractures clas
sified as AO-OTA 32A and 32C, periprosthetic fracture, and cases 
without sufficient radiological or clinical data.

2.2. Methods of assessment

Data were extracted from our hospital’s electronic clinical records 
database, including general patient information, medical history, clin
ical and radiological findings, surgical procedures, and follow-up data. 
The fractures were classified by the senior author (L.M.) using the AO 
classification and The Orthopaedic Trauma Association Classification of 
Fractures.

True anteroposterior and lateral view radiographs were performed 
and examined by one independent fellowship-trained examiner (E.G.) 
using picture-archiving communication system (PACS) software. Bone 
union fractures were defined as the presence of bony continuity in at 
least three cortices on both anteroposterior and lateral femoral radio
graphic views. Non-union fractures, on the other hand, were charac
terized according to FDA guidelines [8], as a fracture that persists 
without evidence of healing for a minimum of 9 months, without signs of 
healing for three consecutive months. Additionally, we classified a failed 
osteosynthesis as a form of non-union. Delayed fracture union was 
defined as a healing duration of 4–6 months [9].

The factors analysed in this study included: the length and width of 
the third fragment, the size of the fracture gap and the proximity of the 
fragment to the proximal and distal cortex (Fig. 1). The greatest cortex- 
to-cortex distance was obtained by considering the highest value be
tween the proximal cortex-to-cortex distance and the distal cortex-to- 
cortex distance.

Additional factors include: the type of surgery performed, fracture 
fixation method (intramedullary nail or plate and screws), presence and 
type of complications, incidence of mortality, duration of follow-up in 
months, patient age, BMI, and sex. Only local complications were 

Fig. 1. Measurement of the third fragment: (A) length; (B) width; (C) proximal cortex-to-cortex distance; (D) distal cortex-to-cortex distance; (E) fracture gap: 
measurement obtained from the most proximal point to the most distal point of the fracture; Original drawing from one of the authors of the article (E.S.).
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considered for this analysis.

2.3. Procedure

Two different surgical approaches were chosen to treat third frag
ment fractures; intramedullary nailing or plate and screws. The plate 
and screw fixation was performed in according to the main AO/OTA 
recommendations. The two main fragments, proximal and distal, were 
stabilized with at least 3-4 screws in each major fragment, primarily 
with the use of locking screws. The third fragment synthesis was per
formed with interframmentary screws. The length of the plate was 3 
times the length of the fracture. Where as for a non synthesised third 
fragment, bridge plating was used as the preferred technique.

Furthermore, in patients treated with intramedullary nail, we per
formed open reduction with cerclage wire fixation.

The study was approved by the local University-Hospital Human 
Subject Research Ethics Committee (Comitato Etico Indipendente di 
Area Vasta Emilia Centro—CE-AVEC 543/2022/Oss/AOUFe 14/09/ 
2022).

All data collection and analysis were conducted in accordance with 
the principles outlined in the Declaration of Helsinki.

2.4. Statistical analysis

A comprehensive analysis was conducted to determine the impact of 
covariates on the presence of complications, such as non-union and 
delayed healing. The initial phase of the analysis involved comparing 
groups based on the presence or absence of complications and 
comparing different types of complications (no complications, non- 
union, and delayed healing).

Continuous data are reported as mean, while categorical data are 
presented as percentages and absolute frequencies. Independent t-tests 
were used for normally distributed numerical variables, while Wilcoxon 
rank sum tests were used for non-normally distributed data. One-way 
ANOVA was applied to compare three complication groups when as
sumptions were met, while Kruskal-Wallis tests were used for non- 
normally distributed data. Chi-square tests or Fisher’s exact tests were 
performed to compare categorical variables as appropriate.

To investigate whether specific third fragment characteristics were 
associated with complications, Wilcoxon rank sum tests (for non-normal 
distributions) and t-tests (for normally distributed variables) was used.

A Chi-square independence test was conducted to evaluate the as
sociation between Complications and Osteosynthesis.

To further examine whether third fragment characteristics varied by 
complication type, we conducted one-way ANOVA (when assumptions 
were met) and Kruskal-Wallis tests (for non-normal distributions).

Additionally, a multinomial logistic regression was conducted to 
assess the predictors of specific types of complications.

Statistical analyses were performed using R software (R Core Team, 
2024, Vienna, Austria) and RStudio (RStudio Team, 2020, Boston, MA, 
USA). The following R packages were utilized: rstatix (Kassambara, 
2023), nnet & MASS (Venables & Ripley, 2002), and car (Weisberg, 
2019).

3. Results

Out of the initial 370 patients evaluated, only 70 met the pre-defined 
selection criteria (Fig. 2). The characteristics of these patients are 
summarized in Table 1.

In accordance with the objective of the study, the characteristics of 
the third fragment were analyzed first.

The characteristics of the third fragment are detailed in Table 2. No 

Fig. 2. Study flowchart.

Table 1 
Summary of characteristics of patients included in the study.

Patients’ characteristics

Age 46.8 ± 6.1
Sex 50 M (71.4%); 20 F (28.6%)
BMI 26.6 ± 6.1
Follow-up 10.48 ± 7.48 months
Fracture Classification 36 32B-2 (51.4%); 34 32B-3 (48.6%)
Surgical procedure 24 (34.3%) plate and screw; 46 (65.7%) intramedullary 

nailing
Third Fragment 

Synthesis
24 Synthesis (34.3%); 46 non Synthesis (65.7%

Complications 22 (31.4%) (11 non-unions; 11 delayed unions)
Deaths 8 (11.4%)
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statistically significant difference was found in the third fragment 
characteristics between patients who developed complications and 
those who did not (Fig. 3).

Furthermore, no significant differences were found in the size of the 
third fragment between patients who developed non-union, delayed 
union and those who did not (Fig. 4).

Next, we aimed to investigate whether there are statistically signif
icant differences in complications between the two types of procedures.

24 patients (34.3%) underwent surgical osteosyntheses of the frac
ture using plates and screws, while 46 patients (65.7%) were treated 
with intramedullary nailing. Among the patients who underwent sur
gical osteosynthesis using plates and screws, 7 patients developed non- 
union of the fracture (29.1%).

In the group treated with intramedullary nails, 15 complications 
(32.6%) were observed, including 11 cases of delayed union and 4 cases 
of non-union. Of course, all patients who developed a non-union 
developed a delayed union first. However, in the first group of pa
tients (plate and screws group) the delayed union was followed by a non- 
union. In patients treated with intramedullary nail only 26.7% devel
oped a non-union after a delayed union. A Chi square test was used to 
assess the association between the type of synthesis (intramedullary 
nailing or plates and screw) and the presence or absence of complica
tions. The result was not statistically significant (χ² (1, n = 70) = 0.84, p 
= 0.302) (Fig. 5).

Finally, we evaluated the association between the synthesis and non- 
synthesis of the third fragment and the complications implied. (Fig. 6).

Of the 70 patients included in the study, 24 underwent osteosyn
thesis of the third fragment; 8 of these were treated via intramedullary 
nail with open reduction and cerclage, in which 3 developed a non- 
union, whereas 16 were treated with plates and screws, of whom only 
4 developed a non-union. Resulting in a total of 7 non-unions out of the 
24 patients included in the group (29.1%).

Within the remaining 46 patients, who did not undergo osteosyn
thesis of the third fragment, 8 of these patients were treated using plate 
and screws, whereas 36 were treated using only intramedullary nailing. 
The former developed 1 non-union (12.5%) and the latter developed 11 
delayed union and 3 non-union (37.5%).

Therefore, among the 46 patients who did not undergo osteosyn
thesis of the third fragment, 15 (19.5%) experienced complications; 11 
patients developed delayed union (which ultimately resulted in healing 
of the fracture) and 4 non-union.

After these results a multinomial logistic regression was performed 
considering “Type of Complication” as the dependent variable. The 
result obtained indicates that synthesis of the third fragment is a 
complication predictor. In particular, the synthesis of the third fragment 
lead to an increased risk of non-union (χ² (2) = 6.43, p = 0.040). While 
no significant statistical differences were encountered in the methods 
used for osteosynthesis of the third fragment (χ² (2) = 4.88, p = 0.087).

4. Discussion

This study provides valuable insights into the clinical and radio
graphic outcomes of managing diaphyseal femur fracture with a third 
fragment using two prevalent surgical techniques: intramedullary nail
ing and plating with screws.

Diaphyseal femoral fracture characterized by the presence of a third 
fragment, presents unique challenges for orthopaedic surgeons. These 
fractures carry a high risk of non-union, which can occur in up to 14% of 
cases [4]. However, the optimal treatment for these fractures remains a 
“dilemma”.

Based on our results, diaphyseal fractures with a third fragment are 
complex fractures to treat with a high complication rate. However, 

Table 2 
Summary of fragment characteristics.

Fragment characteristics

Fragment Length (mm) 112.65 mm ± 103.32 mm
Fragment Width (mm) 21.42 mm ± 7.60 mm
Proximal cortex-to-cortex distance (mm) 5.38 mm ± 11.38 mm
Distal cortex-to-cortex distance (mm) 12.74 mm ± 9.22 mm
Greatest cortex-to-cortex distance (mm) 19.9 mm ± 10.78 mm
Fracture Gap (mm) 67.05 mm ± 36.68 mm

Fig. 3. Effect of fragment characteristics on complications.
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based on our study, the morphometric features of the third fragment do 
not influence the likelihood of developing complications. This is in 
contrast with the findings of other authors. In fact, Vincenti et al. [9]
identified that a third fragment with a size greater than 40 mm and 
displacement exceeding 12 mm were the critical parameters affecting 
fracture healing. Similarly, Lee et al. reported a higher incidence of 
non-union with displacements greater than 20 mm [10]. Similar find
ings were reported by Yang S et al. [5], highlighting the correlation 
between increasing fragment distance and prolonged union time.

Louka JG et al. analysed 93 patients treated for femoral shaft frac
tures type 32 B. In this series a displacement greater than 14 mm lead to 
an increased risk of non-union or delayed healing. The authors 

concluded that a fragment displacement of 14 mm or greater leads to 15 
times higher risk of non-union or delayed union [11].

Hamahashi K et al. analysed 51 patients treated with intramedullary 
nailing for third fragment femoral fracture. Multiple logistic regression 
identified the displacement of the third fragment as the most important 
risk factor for delayed union [12].

However, in our study the results were different. In fact, the size of 
the third fragment did not influence the risk of complications.

What differentiates our study are how different surgical techniques 
were compared (intramedullary nail and plates and screw) with or 
without third fragment reduction. On the contrary, the cases analysed in 
the above mentioned studies, only considered one type of intervention 
without a third fragment reduction.

Performing an open reduction of the third fragment may have 
influenced the results of our series.

Based on the results of our study the most important finding is that 
the synthesis of the third fragment is a complication predictor regardless 
of the fixation method used. Yin Z. et al. [13] analysed 142 patients with 
third fragment femoral fracture. The overall healing rate was 73.4%. 
Logistic regression analysis revealed that increased displacement of the 
third fracture fragments was associated with reduced fracture healing 
rates. If reduction of the third fragment is required, the authors 
recommend using indirect reduction methods [13].

Similar findings were reported by Tsai YH et al. [14]. In this study, 
80 patients were analyzed. 20 patients were managed with intra
medullary nailing and open reduction with fixation of the third frag
ment. 60 patients were treated with intramedullary nailing without 
third fragment synthesis. After the statistical analysis authors noted that 
fixation of the third fragment lead to a longer union time and increased 
the risk of non-union [14].

In our series, both screw fixation and open reduction with cerclage 
led to an increased risk of non-union. Cerclage wires presented the risk 
of vascular strangulation, potentially compromising fracture healing 
[15]. In both cases, open reduction hinders the hematoma healing 
process. Preserving the fracture hematoma helps create an 
osteo-inductive environment that enhances the healing process of the 

Fig. 4. Effect of fragment characteristics on non-union and delayed union.

Fig. 5. Relationship between complication and type of surgery.
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fracture [16]. Furthermore, the fracture hematoma also stimulates 
neo-angiogenesis [17].

The four fundamental principles identified by the AO-OTA associa
tion remain ever-relevant. A good reduction of the fracture, stable fix
ation, maintenance of adequate blood supply, and early mobilization 
lead to a better healing of the fracture [18].

Another important factor for fracture healing is the patient’s 
comorbidities. Smokers, alcoholics, or patients with diabetes mellitus 
have a higher risk of non-union [19].

In our opinion, the ideal approach is closed reduction without 
draining the hematoma, as this method minimizes complications and 
provides a more favourable environment for healing.

Several limitations are inherent in this study. First, the retrospective 
design and relatively small patient cohort may limit the generalizability 
of our findings. Additionally, all clinical data were obtained from a 
single hospital, which may not reflect outcomes in different settings. 
Functional outcomes and patient satisfaction were not recorded, and 
there were variations in the follow-up durations among patients. 
Furthermore, the surgical procedures were performed by different sur
geons, which could introduce variability in surgical technique and 
outcomes. These factors should be considered when interpreting the 
results, and further studies with larger, more diverse populations and 
standardized protocols are needed to validate these findings.

5. Conclusion

The management of the third fragment remains a challenge. In our 
series of patients third fragment characteristics and type of osteosyn
thesis did not influence the risk of complications. However, the deter
mining factor was found to be the open reduction of the third fragment. 
Based on our experience, we suggest avoiding the opening of the fracture 
site and performing closed fracture fixation.
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