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↑What is “already known” in this topic: 
The nondisplacement of the main fracture hematoma helps 
fracture healing by exploiting the potential of the initial 
hematoma in the healing process of bone fractures.   
 
→What this article adds: 

This study suggests that delayed osteoarthritis in patients with 
extra-articular distal femoral fractures (EDFF) has no 
significant effect on bone healing and fracture union.  
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Abstract 
    Background: In extra-articular distal femoral fractures (EDFFs), nonunion is a serious complication that occurs rarely. In this study, 
we examined how longer preservation of initial fracture hematoma by delaying the osteosynthesis (OS) affects the fracture union. 
   Methods: In a retrospective cohort study, 98 EDFF patients were included. The OS was done within 2 days of injury in 50 patients 
(early OS group) and after 2 days of injury in 48 patients (late OS group). Time to callus formation and fracture union, bleeding 
amount, surgical duration, pain, knee range of motion, knee function, and postoperative complications, including the nonunion, knee 
deformity, infection, and revision, were compared between the 2 groups. Statistical analyses were done with SPSS. A comparison of 
the mean between the 2 groups was made with an independent t test or its nonparametric counterpart. A comparison of categorical 
variables between the 2 groups was made using a chi-square or the Fisher's exact test. P ˂ 0.05 was considered statistically significant.  
   Results: The mean time to callus formation was 47.1 ± 17.3 days in the early OS group and 46.9 ± 19.7 in the late OS group (P = 
0.950). The mean time to fracture union was 114.9 ± 21 in the early OS group and 117.4 ± 28.8 days in the late OS group (P = 0.630). 
The mean operation time and bleeding amount between the 2 groups did not differ significantly (P = 0.230 and P = 0.340, 
respectively). The knee range of motion, pain, and function were not notably different (P = 0.620, P = 0.790, and P = 0.770, 
respectively). Nonunion occurred in 3 patients of early OS and 2 patients of the late OS group. Other complications were also 
comparable in the 2 study groups. 
   Conclusion: Delayed OA in EDFF patients has no significant effect on bone healing and fracture union. Future standard studies are 
required to confirm these results. 
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Introduction 
Distal femur fractures are serious injuries with a signifi-

cant rate of morbidity and mortality. In humans, they con-
stitute almost 0.4% of all fractures, whether intra-articular 
or extra-articular (1). Extra-articular distal femoral frac-
tures (EDFF) are less common than intra-articular frac-
tures. They are generally managed with lateral locking 
plates or intramedullary nail fixation. These injuries, how-
ever, have not all led to positive outcomes (2). 

Young patients with unfavorable fracture patterns and 
elderly patients with poor bone quality could have fracture 
nonunion after treatment. Although nonunion in EDFF is 
rare, it is an extremely significant complication that is 
generally difficult to treat and results in a high level of 
disability (3, 4).  Consequently, reducing the rate of non-
union in EDFF fractures is of significant importance. Sev-
eral strategies have been proposed to reduce nonunion in 
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these fractures (5). 
The process of healing a fracture involves multiple im-

munologic components, including cells, cytokines, and 
growth factors that work together well (6).  In the present 
fracture healing strategies, initial fracture hematoma is 
regarded as an important osteoimmunological factor, as it 
is a rich source of inflammatory cells, which plays a criti-
cal role in the recruitment of regenerative cells toward the 
fracture site through releasing various signaling proteins 
such as cytokines and chemokines (6). Reviewing the po-
tentials of initial hematoma has revealed its striking angi-
ogenic and osteogenic capacities (6). Considering the im-
portance of initial hematoma in fracture healing, recent 
treatment strategies are based on the nondisplacement of 
the main fracture hematoma to help the bone healing pro-
cess by exploiting this potential (6). 

We hypothesized that longer nondisplacement of initial 
hematoma in EDFF patients could improve the bone heal-
ing potential, thereby reducing the rate of nonunion in 
these patients. In this study, we compared the bone heal-
ing and nonunion rate in EDFF patients with early (within 
2 days of injury) and delayed osteosynthesis (>2 days of 
injury) to test this hypothesis. 

 
Methods 
We have received approval from the review board of 

our institute for this cohort study under code 
IR.IUMS.REC.1401.724. Medical profiles of EDFF pa-
tients who were referred to 3 university trauma centers in 
Iran between 2020 and 2022 were retrospectively re-
viewed. The inclusion criteria were referral in the acute 
phase, distal femoral growth plate closure, or age ˃18 
years, comminuted fractures (type A3 according to AO 
classification), high-energy traumas, and fracture fixation 
with a locking plate. Patients with a history of fracture or 
surgery at the involved side, patients with disorders affect-
ing bone healing, such as osteoporosis and renal osteo-
dystrophy, and congenital bone deformities were excluded 
from the study. Patients who did not follow postoperative 
rehabilitation programs and those who did not regularly 
attend follow-up visits were also excluded.  

A total of 98 patients met the study criteria and were di-
vided into the 2 study groups. The first group included 50 
patients who underwent osteosynthesis (OS) within 2 days 
of injury (early OS group). The second group included 48 
patients who underwent OS more than 2 days after the 
injury for various reasons such as multiple trauma, rupture 
of the liver or spleen, brain injury, and reduced level of 
consciousness (late OS group). 

 
Outcome Measures 
The patients were visited monthly until the complete un-

ion of fractures was achieved. In each visit, anteroposteri-
or and lateral radiographs of the fracture site were ob-
tained for the evaluation of bone healing. Primary out-
comes were radiographic healing and included the times 
of callus formation and fracture union. Callus formation 
was regarded as the observation of bridging callus in post-
operative radiographs. Union was defined as monitoring 
callus formation on a minimum of 3 out of 4 cortices with 

bridging callus in anteroposterior and lateral radiographs 
(7). It was defined as nonunion of the fracture after 6 
months postoperatively if there is no callus forming. Sec-
ondary outcomes were intraoperative bleeding, surgical 
duration, knee range of motion, pain, function,  and post-
operative complications. The intraoperative bleeding 
amount and surgical duration were extracted from the pa-
tient's medical records. The knee range of motion was 
evaluated with a standard goniometer. Knee pain was as-
sessed with a visual analog scale (VAS) for pain on a 0 to 
10 scale, corresponding to “no pain” and “extreme pain,” 
respectively. Knee function was assessed with a Persian 
version of the International Knee Documentation Commit-
tee (IKDC) score, whose validity and reliability was 
demonstrated previously (8). Accordingly, each patient 
achieved a score between 0 and 100. A higher score was 
indicative of better function. Postoperative complica-
tions—such as nonunion, infection, and fixation failure—
were also extracted from the medical profiles of the pa-
tients. 

 
Sample Size and Statistical Analysis 
According to the study of Aref et al, the mean union 

time of EDFF after the open reduction and internal fixa-
tion with the locking plate was 15.8 weeks with a standard 
deviation (SD) of 3.37 weeks. Using this mean and SD, a 
power of 80%, a type I error of 5%, and an estimated 
mean difference of 2 weeks between the 2 groups, it was 
found that 46 patients in each group were sufficient for 
this study. 

Statistical analyses were performed with SPSS for Win-
dows, Version 16 (SPSS Inc). Descriptive statistics were 
demonstrated by mean ± SD for quantitative variables and 
with frequency and percentage for categorical variables. 
The normality of distribution was checked with the Kol-
mogorov-Smirnov test. Independent t tests or nonparamet-
ric Mann–Whitney U tests were used to compare mean 
values between the 2 groups. A comparison of categorical 
variables between the 2 groups was made using a chi-
square or the Fisher's exact test. P ˂ 0.05 was considered 
statistically significant.  

 
Results 
Baseline Characteristics 
The study population included 80 men and 18 women, 

with a mean age of 41.7 ± 19.2 years (range, 18-91). The 
mean body mass index of the patients was 24.9 ± 3.8 
kg/m2 (range, 18-36 kg/m2). The mean follow-up of the 
patients was 13.4 ± 4.5 months (range, 6-21 months). The 
mean time interval from injury to surgery was 0.8 ± 0.7 
days (range, 0-2 days) in the early OS group and 5.9 ± 2.1 
days (range, 3-14 days) (P < 0.001) in the late OS group. 
No other significant difference was observed between the 
baseline characteristics of the 2 study groups (Table 1). 

 
Outcomes 
On average, callus was observed 47.1 ± 17.3 days after 

operation in the early OS group and 46.9 ± 19.7 days after 
operation in the late OS group (P = 0.950). The mean time 
to fracture union was 114.9 ± 21 days after the operation 
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in the early OS group and 117.4 ± 28.8 days after the op-
eration in the late OS group (P = 0.630).  

The mean operation time was 75.5 ± 14 minutes in the 
early OS group and 79.1 ± 15.7 minutes in the late OS 
group (P = 0.230). The mean bleeding amount was 477 ± 
219 mL in the early OS group and 520 ± 234 mL in the 
late OS group (P = 0.340). 

At the last follow-up, the knee range of motion was 
115.3° ± 19.9º in the early OS group and 113.3° ± 19.9º in 
the late OS group (0.620). The mean VAS for pain was 
1.42 ± 1.5 in the early OS group and 1.33 ± 1.8 in the late 
OS group (P = 0.790). The mean IKDC score was 87.5 ± 
12.9 in the early OS group and 88.2 ± 13.9 in the late OS 
group (P = 0.770). Outcome measures are summarized in 
Table 2. 

 
Postoperative Complications 
Fracture nonunion occurred in 3 patients of the early OS 

group and 2 patients of the late OS group. One varus de-
formity (5º) was recorded in the early OS group.  Two 
valgus deformities (5 and 6º) were recorded in the late OS 
group. Superficial infection occurred in 1 patient of the 
early OS group and 2 patients of the late OS group. A 
deep infection occurred in 1 patient of the late OS group. 
Infected nonunion was seen in 1 patient of each study 
group. In the early OS group, 2 patients underwent revi-
sion surgery, 1 for the plate fracture and 1 for the removal 
of a screw irritating the joint. In the late OS group, 1 pa-
tient underwent revision surgery for nonunion, which was 
managed with open reduction and internal fixation, and 
bone grafting. 

 
Discussion 
In this study, we compared the union rate and outcomes 

between early (within 2 days of injury) and late (after 2 
days of injury) OS in EDFF patients. The mean time in-
terval from operation to callus formation and fracture un-
ion was not significantly different between the 2 groups. 
Also, the mean operation time, bleeding amount, knee 

range of motion, pain, and IKDC score were not signifi-
cantly different between the 2 groups. Postoperative com-
plications—including nonunion, knee deformity, infec-
tion, and revision surgery—were not considerably differ-
ent between the 2 groups. 

The process of bone healing begins with the formation 
of hematoma in the acute phase after the rupture of blood 
vessels during bone damage and fracture (9, 10). This 
initial phase plays an important role in the outcome of the 
fracture because it stimulates the migration of regenerative 
cells such as mesenchymal stem cells and immune cells to 
the injury site (11). An ossifying bed is created by the 
fracture hematoma in the first 4 days after trauma (12, 13). 
Increased expression of bone factors secreted phosphopro-
tein 1/osteopontin and runt-related transcription factor 2, 
which are seen in the first 72 hours in human fracture he-
matoma, indicates the initiation of bone formation (14, 
15). In addition to osteogenic potential, fracture hematoma 
also provides angiogenic potential (14). Angiogenesis in 
the damaged area is a prerequisite for the continuation of 
the healing process (16), which coincides with the high 
concentration of vascular endothelial growth factors in 
human fracture hematoma (17). The initial stages of the 
healing process take place during the maturity of the he-
matoma. The first 3 days of healing show this maturation 
with the change from M1 macrophages with a proinflam-
matory phenotype to M2 macrophages with an anti-
inflammatory phenotype (18, 19). This switch is adjusted 
by alteration in gene expression leading to the substitution 
of inflammatory cytokines (interleukin 1 and 6) with anti-
inflammatory cytokines (interleukin 4 and 13). Cytokines 
play an important role in fracture healing because almost 
60 hours after fracture, inflammation and angiogenesis 
factors are expressed differently, as well as cellular com-
position in fractures with normal healing process versus 
fractures terminating in nonunion (14, 20). An analysis of 
inflammatory, angiogenic, and osteogenic factors in the 
hematoma 4 and 7 days after the start of bone repair re-
veals that these factors change over time and mechanically 

Table 1. Comparison of baseline characteristics between patients who underwent early and late osteosynthesis for extra-articular distal femoral 
fracture  
Variable Early osteosynthesis group (n=50) Late osteosynthesis group (n=48) P-value 
Age (year) 41.5 ± 17.8 41.9 ± 20.7 0.120 
Male  8 (16) 10 (20.8) 0.530 
Female  42 (84) 38 (79.2) 
BMI (kg/m2) 25.4 ± 3.7 24.5 ± 3.9 0.740 
Follow-up 13.6 ± 4.6 13.3 ± 4.4 0.680 
Time interval between injury and surgery (day) 0.8 ± 0.7  5.9 ± 2.1  <0.001 
Data are demonstrated with mean ± SD or number (%). P<0.05 is considered significant 
 
Table 2. Comparison of outcome measures between in patients who underwent early and late osteosynthesis for extra-articular distal femoral frac-
ture  
Variable Early osteosynthesis group (n=50) Late osteosynthesis group (n=48) P-value 
Callus formation (day) 47.1 ± 17.3  46.9 ± 19.7 0.950 
Fracture union (day)  114.9 ± 21 117.4 ± 28.8  0.630 
Operation time (min) 75.5 ± 14  79.1 ± 15.7 0.230 
Bleeding (ml) 477 ± 219  520 ± 234  0.340 
Knee range of motion (º) 115.3 ± 19.9 113.3 ± 19.9 0.620 
Visual analog scale for pain 1.42 ± 1.5  1.33 ± 1.8  0.790 
IKDC score 87.5 ± 12.9  88.2 ± 13.9  0.770 
IKDC: International Knee Documentation Committee  
Data are demonstrated with mean ± SD. P < 0.05 is considered significant 
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induced delayed union affects them clearly (21-23). 
Therefore, it can be concluded that the age of the hema-
toma plays an important role in bone healing, and impair-
ing the natural course of this process affects the outcomes 
of fracture. After the removal of the initial fracture hema-
toma, the regulated interaction between the hematoma and 
the adjacent tissue is severely disrupted. During healing, 
the mature hematoma is replaced by an immature hema-
toma, whose composition does not match the adjacent 
tissues' healing stages. Such evolutionary mismatch be-
tween the new hematoma and the surrounding tissue can 
cause a delay in fracture healing process, and an increase 
in the risk of nonunion (7). 

Various studies have been performed on the role of ini-
tial fracture hematoma in bone healing both in human and 
animal models. Most of these studies have demonstrated 
differential expression of a variety of bone healing factors 
in hematoma of the compromised bone-healing situation 
compared to normal bone-healing (7, 11, 21, 22, 23). 
However, the impact of delayed osteosynthesis on the 
outcome of bone healing has been scarcely evaluated. 
Streubel et al evaluated the mortality of distal femur frac-
tures in 92 elderly patients. Patients who underwent OS 
more than 4 days after admission had greater 6-month and 
1-year risk of mortality compared to those who underwent 
OS within 2 days of admission. However, the impact of 
delayed osteosynthesis on the healing of fractures was not 
evaluated (24). In a historical study, Taillard et al suggest-
ed delaying the internal fixation of femoral shaft fractures 
in adults by 2 weeks after the injury to allow the formation 
of a physiological callus, thereby protecting the osteosyn-
thesis (25). 

In the present study, we did not observe any advantage 
of performing OS more than 2 days after the injury. There 
are, however, some limitations to consider in interpreting 
this result. The retrospective design was the main limita-
tion of the study that could have significantly affected the 
results in various ways. For example, we included both the 
young and elderly populations, while the bone healing 
potential is compromised in the elderly population. In 
addition, the time interval from injury to surgery was very 
heterogeneous, ranging from 3 to 14 days. Some delayed 
surgery groups excluded hematomas during surgery for 
anatomical reduction, which limited our study. Therefore, 
future prospective and standard studies are required to 
better explore the role of delayed OS in the healing of 
EDFF. 

 
Conclusion 
Compared to EDFF patients who underwent OS within 

2 days of injury, delayed OS (more than 2 days of injury) 
did not accelerate callus formation and fracture union 
time. The rate of union was not considerably different 
between the 2 groups. According to these results, delaying 
osteosynthesis does not improve bone healing in EDFF. 
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