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Abstract 

Introduction: Fracture healing is a complex process where synthesis and activation of a cascade of cells 
and molecules collaborate and participate in regeneration of the fractured bones. There are several 
factors involved in nonunion of fractured bones. Endocrine and metabolic diseases are regarded as 
factors causing nonunion of fractured bones. The present study aims at evaluating effect of diabetes 
type II, as an important and prevalent metabolic disease, on results of surgical treatment of long bones 
fractures. Method: This case-control study was conducted on 74 patients with isolated fracture of tibia 
and femur shafts resulting from low-energy trauma. In this study, 50 patients with definite diagnosis of 
diabetes were compared with 24 metabolically health persons considering age, gender, type of 
fracture, and treatment method. The diabetic patients were classified in two groups considering their 
insulin or oral agent. Level of hs-CRP inflammatory marker was also determined in these patients. Union 
rate and duration as well as relation between inflammatory marker and union rate were studied. 
Results: Prevalence of nonunion and delayed union were seen in 8 (32%) and 2 (8%) patients with 
orally-treated diabetes, respectively. It was 3 (12%) in diabetes patients treated with insulin.  
However, there was not any case of nonunion in the health group. There was a statistically significant 
difference between these groups. According to the regression model, hs-CRP level played a significant 
role considering nonunion prediction (P=0.001, Odd’s Ratio=3.4, CI95%:1.4-4.8). Also, type of diabetes 
treatment had a significant role in predicting nonunion (P=0.04, Odd’s Ratio=0.6, CI95%:0.3-1.4). 
Duration of being affected by diabetes did not play any important role in nonunion prediction. 
Conclusion: Prevalence of nonunion in patients with diabetes suffering from fracture and undergoing 
orthopedic surgery is higher than healthy people. It seems that increase of inflammatory markers and 
oral agents therapy plays an important role in causing and predicting of nonunion in these patients.  
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Introduction 

Diabetes mellitus (DM) type II is one of the 
most prevalent metabolic diseases and millions 
of people suffer from it all over the world (1). 
With general prevalence of 6.4%, DM type II is 
known with hyperglycemia and 
hyperinsulinemia (2). There is a strong relation 
between osteoporosis and increase of fracture 
risk in patients with DM type II (3). 
Osteoporosis leads to less bone strength and is 
accompanied with increase of fracture risk (3). 
Hip fracture risk is increased in men with DM 
type II (relative risk of 2.8 in men vs. 2.1 in 
women) (3).  

Bone fracture healing consists of a cascade 
of cellular events and biochemical factors 
finally resulting in complete structural and 
functional regeneration of the injured skeletal 
system. During the healing process, injury is 
seen in 5-10% of fractures leading to nonunion 
or delayed union of fractures (4). Therefore, 
stabilization and immobility of fracture is an 
important factor in healing process (5). Role of 
mechanical factors is well known in fracture 
healing process (5-7). Hematoma is formed 
immediately after fracture, and fills the 
fractured area. Additionally, inflammatory 
responses are seen due to stimulation of the 
injured bone and cellular proliferation begins. 
Therefore, activation of mesenchymal cells, soft 
tissue and bone surrounding the fractured area 
leads to differentiation of chondroblasts and 
production of fibrocartilage and hyaline 
cartilage (5-8).    

Nonunion is an important problem 
encountered by orthopedic surgeons. It is 
detected based on the lack of union symptoms 
in two radiographic plans and clinical evidences 
during a specific period (9). There is different 
healing time considering the involved bones. 
Nonunion may be attributed to injury velocity, 
intensity of soft tissue damage, type of fracture 
(open or closed), crushed bone, and bone loss 

(10). There are other factors involved in union 
process including treatment method, infection, 
and associated diseases. Metabolic and 
endocrine diseases including thyroid and 
parathyroid diseases, osteomalacia, estrogen 
deficiency, Cushing disease, Paget’s disease, 
and malabsorption syndrome, are regarded as 
important factors in delaying the bone 
formation and fracture healing process (11). 
There are a few studies about the role of DM in 
increasing the nonunion rate of fractures. 
However, there is no study dealing with the 
effect of diabetes treatments on surgical 
outcome and union of fractures. Therefore, the 
present study aims at evaluating the effects of 
DM type II on the outcome of surgical 
treatment of long bones fractures, and 
determining the effect of diabetes treatments 
on union rate. 

Methods and materials 

This case-control study was conducted on 74 
patients with fracture of tibia and femur shafts 
referred to orthopedic trauma center of Tabriz 
University of Medical Sciences from 2010 to 
2013. The study was approved by the local 
medical ethical committee of the Tabriz 
University of Medical Sciences. Informed 
consent was obtained from each subject in 
patient and control groups prior to the study. 
The traumatic patients had isolated and non-
comminuted fractures in their tibia and femur 
shafts due to low energy trauma resulting from 
falling. The patients were matched considering 
the fracture type, surgical treatment, age, and 
gender. In this study, 50 patients with diabetic 
criteria were placed in two groups considering 
the type of DM treatment (oral agent or 
insulin). In addition, control group consisted of 
24 non-diabetic patients with factures but 
without any other medical diseases. The 
identified diabetic patients (n=25) had the 
disease for more than two years and 
participated in the study based on the type of 
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their oral treatment including metformin (1.5-
2g per day) and glibenclamide (15-20mg). The 
other group consisted of 25 patients treated 
with insulin (without any oral agent). The 
patients were clinically examined, and vascular 
Doppler was performed (if required) to detect 
neuropathy and vascular disorders in lower 
limbs. The patients were excluded if any 
evidence of neuropathy and macrovascular 
complications was present. Moreover, patients 
with open fractures, crushed fractures, soft 
tissue damage, any systemic diseases as well as 
patients with history of smoking, consumption 
of alcohol and mineral supplements during last 
six months and those older than 50 years were 
excluded from the study. 

The patients underwent orthopedic surgery 
including open reduction and internal fixation 
using intramedullary nails with similar method 
and based on their indications. Before surgery, 
all patients were put on antibiotic prophylaxis 
with intravascular injection of cefazolin which 
continued at least for 24 hours after surgery. 
The patients were continuously followed up for 
9 months (biweekly during the first month and 
every month thereafter for 9 months) to 
evaluate union based on radiographic 
evidences and clinical examinations. The 
patients of all three groups demonstrated the 
same rehabilitation during the first week and 
relative weight tolerance was seen in lower 
limb fractures after two days. Radiographic 
evidences confirmed union if it was seen at 
least in two plans and clinical examinations. 
Nonunion cases were studied with regard to 
infection as the first step; white blood cell 
count, erythrocyte sedimentation rate, and 
highly-sensitive C-reactive protein (hs-CRP) 
were checked and the patients were excluded 
from the study in case of observing any signs of 
infectious nonunion.  

A 20-mL venous blood sample was taken 
from each patient after an overnight fasting (>8 
hours) by a certified phlebotomist using 

standard laboratory techniques. Blood samples 
were collected into a serum separator tube 
(SST; BD Vacutainer®, Becton, Dickinson and 
Company, Franklin Lakes, NJ) for analysis of 
lipids and glucose. After complete coagulation 
(30-45 minutes), the SST was centrifuged at 
2500 RPM for 30 minutes. The serum was 
transferred from the spun SST into three 
labelled plastic tubes: the first tube was used 
for glucose analysis, the second for lipid panel, 
and the third tube was stored at -70°C to be 
used later for hs-CRP measured using an 
immunoturbidimetric assay system.  

Waist circumference was measured midway 
between the lowest rib and iliac crest with a 
flexible anthropometric tape. Body mass index 
(BMI) was calculated as weight (kg) divided by 
height (m2). Initial examinations of the patients 
included height measurement (cm) using a 
wall-mounted height testing instrument with a 
scale of 1.0 cm, and weight measurement (kg) 
with a Sega scale. All patients completed a food 
frequency questionnaire designed and 
standardized by Iranian Nutrition Institute. 

The data were presented as mean ± 
standard deviation and 95% confidence 
interval. All the statistical analyses were 
performed using SPSS statistical software 
version 16.0 (SPSS Inc., Chicago, IL, USA). 
Normality of the distribution was checked for 
each variable (one sample Kolmogorov-Smirnov 
test). Analysis of variance (ANOVA) test was 
used to check the difference found between 
means of three groups. Logistic regression 
model was used to determine the role of 
factors in fracture union. Chi-square and 
Fisher’s exact tests were used to determine the 
statistical difference of qualitative variables. A 
P value <0.05 was considered statistically 
significant. 

Results  

The mean age of the patients was 50±10.4 
years. Seventy four patients including 53 
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(71.6%) male and 21 (28.4%) female were 
recruited in the present study. The groups were 
similar with regard to age, gender, and type of 
fracture. There were 14 cases of tibia and 10 
cases of femur isolated fractures in the case 
group. Among the diabetic patients, 35 patients 
had tibia shaft fracture, while 25 cases had 
femur shaft fracture.  

Table 1 shows demographic findings and 
union rate of three groups. Accordingly, there 
was a statistically significant difference among 
three groups considering the nonunion rate 
(P=0.001). Levels of hs-CRP were 4.3±2.1, 
2.3±1.7, and 0.9±0.1 mg/dL in the patients 
treated with oral agents, insulin, and the 
control group, respectively (P=0.001). 
According to the regression model, hs-CRP level 
played a significant role in predicting the 
nonunion (P=0.001, OR=3.4, 95%CI: 1.4-4.8). In 
addition, the type of diabetes treatment played 
a significant role considering the prediction of 
nonunion (P=0.04, OR=0.6, 95%CI: 0.3-1.4). 
Duration of diabetes mellitus did not play a role 
in predicting the nonunion (P>0.05). In diabetic 
patients, there were two cases of dehiscence 
wound. However, there was no sign of infection 
in the operated area during the follow-up 
period.   

Discussion  

In lower limbs, nonunion may occur in any 
bone and it has been reported 3-8% for tibia 
and femur fractures. However, open and 
crushed fractures and fractures with more 
dislocation demonstrate higher rate of 
nonunion (9,12). Different factors are involved 
in the nonunion such as mechanical factors 
involved in fixation method of fracture. 
Appropriate stabilization plays an important 
role in prevention of the nonunion (13).  

Metabolic, endocrine, and nutritional factors 
may affect healing of the fractured bones (13). 
About 5-10% of fractures may result in 
nonunion as a very disabling complication of 

fractures. In some cases there are clear reasons 
for nonunion such as surgical factors, 
operation, and stabilization technique. It is 
believed that metabolic and endocrine factors 
are important causes in this regard as well. 
Principally, nonunion is a multifactorial 
phenomenon and it is really difficult to find its 
exact cause. The relation between diabetes 
mellitus and increase of fracture and 
osteoporosis risk has been strongly confirmed; 
diabetes mellitus negatively affects the bone 
quality and density (14,15). It is stated that 
hyperglycemia leads to excessive excretion of 
interleukin 6 (IL-6) from osteoblasts through 
increasing the insulin activity in bone tissue, 
thereby enhancing the bone reabsorption by 
osteoclasts (16). However, there was no 
relation between HbA1C percentage and 
increase in fracture risk. The fracture and 
surgical treatment results in appearance of 
inflammatory reaction and, on the other hand, 
diabetes is associated with increase in 
inflammatory markers. The more the hs-CRP 
levels, the more the diabetes complications and 
risk of cardiovascular diseases. It seems that 
increase in inflammatory factors and nature of 
diabetes mellitus affect fracture healing and 
union processes.  

According to the present study, the 
nonunion rate was higher in diabetic patients 
rather than the healthy individuals. In a study 
on different risk factors affecting the nonunion, 
Hernandez and colleagues found high risk of 
nonunion in diabetes mellitus type II (OR=2.3, 
CI: 1.4-3.7). Additionally, diabetes type II was 
associated with increase in fracture healing 
complications (17). Moreover, Loder suggested 
that union duration of closed fractures of lower 
limbs in diabetic patients was 2-3 times more 
than other people (18). According to Lu et al, 
insufficient insulin in diabetic patients was 
associated with less collagen formation in 
fibroblasts leading to disorder of fracture  
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*Statistically significant 

 

Table 1: Comparison of demographic findings and nonunion rate among three groups 

 

healing process and formation of bone callus in 
these patients (19). In our study, nonunion in 
diabetic patients was more frequent than the 
healthy people.  

In the present study, classification of the 
patients according to their antidiabetic 
treatment was the most important point. Oral 
agents such as metformin and glibenclamide 
were routinely used to treat the patients (20). 
To better and more control the disease and in 
conditions of patient’s low compliance with the 
oral agents, insulin is prescribed considering 
their conditions. It seems that antidiabetic oral 
agents may affect the fracture healing process 
and increase the probability of nonunion. In our 

study, the union duration was longer in the 
patients treated with antidiabetic oral agents. 
However, nonunion was seen in only 12% of 
patients treated with insulin which was similar 
to that of healthy people in the previous 
studies. According to Jeyabalan et al, 
metformin did not affect bone mass and bone 
formation process in vitro (21). It seems that 
metformin does not negatively affect the union 
process through increasing the sensitivity of 
tissues to insulin. On the other hand, 
thiazolidinedions (TZD) were associated with 
disorders in bone remodeling through 
increasing the orthopedic complications. 
According to Lecka-Czernik, TZD resulted in 

Variable Diabetic patients on 

oral agent therapy 

(n=25) 

Diabetic patients 

on insulin therapy 

(n=25) 

Normal 

patients 

(n=24) 

P Value 

Age (year) 38.8±8.02 40.1±7.8 0.2 

Gender (M/F)  7/18 6/19 8/16 0.4 

Fasting blood sugar (FBS) 168.4±45.4 160.4±47.3 87.7±9.4 0.001* 

HbA1C (%) 7.8±1.4 7.2±1.1 - 0.3 

Duration of diabetes 4.5±2.1 5±2.4 - 0.4 

Nonunion (%) 8 (32%) 3 (12%) 0 0.001* 

Delay union (%) 2 (8%) 0 0 0.6 

Tibia fractures  18 (72%) 17 (68%) 14 (58%) 0.1 

Femoral fractures 12 (48%) 13 (52%) 10 (41.6%) 0.1 

Time of union (months) 5.1±1.7 4.8±1.5 3.6±1.2 0.02* 
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disorder in fractures healing process and 
increased the duration of union. Moreover, 
there is a strong relation between TZD and 
bone loss and increase in fracture risk (22). In 
our study, TZD was not used in any patient. 
Therefore, high rate of nonunion may not be 
attributed to the TZD. Higher levels of hs-CRP, 
higher rate of nonunion and its positive role in 
predicting the nonunion in patients treated 
with oral antidiabetic agents might be 
attributed to active inflammatory process in 
these patients. Lack of appropriate control and 
increase in inflammatory markers in the 
patients treated with oral antidiabetic agents 
seem to be factors leading to increase in the 
nonunion rate. Prescription of insulin after the 
surgical treatment of fractures until the union 
time may be considered in diabetic patients. 

However, further trial studies are required in 
this regard.  

Conclusion  

Prevalence of nonunion in diabetic patients 
with fracture undergoing orthopedic surgery is 
higher than the healthy individuals. It seems 
that increase in inflammatory markers and oral 
agents therapy play a significant role in causing 
and predicting the nonunion in diabetic 
patients. 
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