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Abstract 
Background: Intertrochanteric fractures are of intense interest globally. They 
are the most frequently operated fracture type, have the highest postoperative 
fatality rate of surgically treated fractures, and have become a serious health 
resource issue due to the high cost of care required after injury. A number of 
problems exist when determining the best option for treatment for intertro-
chanteric fractures. The classification systems do not work well enough for 
preoperative planning and the reduction criteria have not been well defined. 
Methods: All patients who presented to Firoozgar Hospital, Tehran with in-
tertrochanteric fracture, between March 20th 2013 and December 21st 2015, 
underwent DHS implementation, after 6-month follow-up period. Demographic 
data, preoperative radiographic fracture, bone quality typing (AO/OTA and 
Dorr classification), American Society of Anesthesiologists (ASA) score and 
evaluation of their correlation with the complication of fixation including 
nonunion and device failure were recorded and analyzed. Result: 101 patients 
including 54 males (53.5%) and 47 females (46.5%) underwent DHS imple-
mentation. Mean population age was 73.06 ± 16.36 years with an age range of 
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30 to 94 years; the most frequent age period was 76 - 85 years, injured by 
low-energy trauma mechanism and 23.8% patients were injured in a high- 
energy trauma. 56 patients completed the 6-month follow-up evaluation which 
ranged from 1 to 80 weeks. According to AO/OTA classification, the most 
common type among the patient population was A2, 27 patients (51.5%); 
while the most common group from Dorr classification turned to be group B 
(39.6%). Classification by ASA score revealed Class II to be most frequent 
among the patient population (56.4%). Nonunion was seen in eight of patients 
(14.3%). Three patients (5.4%) had device failure, two cases showed side plate 
breakage, and another one had screw cut out. There was no significant rela-
tionship between AO/OTA classification with the both complications i.e. the 
development of device failure (P = 0.85) and nonunion (P = 0.99). Non-sig- 
nificant correlation was found between Dorr classification with device failure 
(P = 0.06) and nonunion (P = 0.11). Conclusion: Regarding recent studies, 
more effective factor on the outcome is patient’s medical condition before 
surgery compared to the radiographic findings including AO/OTA and Dorr 
classification. 
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1. Introduction 

Intertrochanteric fractures along with other types of hip fractures are among the 
most common orthopedic complaints especially in the aged population. These 
impairments impose a great financial burden on orthopedic facilities [1] [2]. 
This type of fracture is associated with a 20% bed occupation in orthopedic hos-
pitals [2]. In 1990, it was estimated that 26% of all hip fractures occurred in Asia; 
it is now speculated that in years 2025 and 2050 this number will reach 37% and 
45% respectively [3]. 

Patients with hip fracture are prone to a high risk of morbidity and mortality. 
The rate of morbidities and mortalities following the fracture of hip has been 
reported to be around 15% - 20% [4]. Collateral injuries often accompany this 
type of fracture including urinary tract infections, pneumonia, deep vein throm-
bosis and pulmonary tract embolism [5]. It has been reported that an efficient 
surgical intervention and early mobilization after surgery are associated with 
better function outcomes [6]. That is why the surgical modification is the gold 
standard for the management of hip fractures [7] [8] [9]. Surgical intervention is 
associated with substantial pain reduction, while not increasing the risk of mor-
tality [10]. 

AO/OTA classification is the most referenced in recent scientific articles and 
is a derivative of the Muller classification. The AO/OTA has nine main “types”, 
however correlation is best with only level 3 designation: 31A1, 31A2, and 31A3 
categories; also there is no lateral radiographic parameter with the AO/OTA 
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classification. Generally, the 31A1 fracture is the most stable, 31A2 more unsta-
ble, and the 31A3 the most unstable with SHS fixation. Unfortunately, the 4th 
and 5th subgroups of the classification have not been found to be reliably re-
producible in prospective evaluation. There is a higher interobserver agreement 
with the AO/OTA classification than Evans/Jensen but neither have met the ac-
ceptable threshold for reliability. 

In the OTA alphanumeric fracture classification, intertrochanteric hip frac-
tures comprise type 31A. These fractures are divided into three groups, and each 
group is further divided into subgroups based on obliquity of the fracture line 
and degree of commination. Group 1 fractures are simple (two-part) fractures, 
with the typical oblique fracture line extending from the greater trochanter to 
the medial cortex. The lateral cortex of the greater trochanter remains intact. 
Group 2 fractures are comminuted with a posteromedial fragment. The lateral 
cortex of the greater trochanter, however, remains intact. Fractures in this group 
are generally unstable, depending on the size of the medial fragment. Group 3 
fractures are those in which the fracture line extends across both the medial and 
lateral cortices. This group includes the reverse obliquity pattern. 

Three types of morphologic anatomy of the proximal femur were described by 
Dorr et al. in 1983 for the selection of cemented or non-cemented femoral arth-
roplasty components. The same rationale applies to implant selection for hip 
fracture patients. Type A femurs occur primarily in young patients and have a 
narrow metaphysis, thick cortex, and a high constricting isthmus. Excessive bone 
removal would be required for intramedullary devices and either a plate-type 
construct or a smaller diameter reconstruction nail are more bone conserving. 
Type B femurs have a wider metaphysis and a larger medullary canal but rela-
tively good cortex and isthmus constriction. The type C femur is the most prob-
lematic in geriatric populations with hip fractures: A wide metaphysis, wide me-
dullary canal, and loss of the isthmus constriction in association with loss of cor-
tical diaphyseal bone stock. 

Surgery is more effective for pain relief and does not result in unacceptable 
increased mortality or complications. Surgical implant options included plate 
and screw constructs either nail or screws for the head fixation, nail construct 
with either nail or screws, external fixation, and arthroplasty. Generically, these 
options can be grouped to designs with common biomechanical behaviors, tech-
niques, complications, and results. 

From the 1980s to 2000, SHSs became the gold standard for hip fracture fixa-
tion, reinforced by the reports of Clawson, Mulholland, and meta-analysis stu-
dies by Parker and Handoll. 174 The device consists of a large fragment side 
plate attached with 4.5-mm cortical screws to the shaft of the femur with a barrel 
on the proximal plate for connection with a large threaded screw inserted over a 
guide wire into the femoral head. These devices, made from stainless steel or ti-
tanium alloys, come in varying barrel angles of 125 to 150 degrees with 12.5-mm 
large diameter lag screws in lengths from 65 to 130 mm. The plates typically 
used have two to four holes but longer versions are available. They are commer-
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cially available internationally as a generic device from many orthopedic com-
panies. 

Watson et al. compared the Medoff plate to a standard SHS in a prospective 
randomized series of 160 stable and unstable intertrochanteric fractures; fol-
low-up averaged 9.5 months (range: 6 to 26 months). Although stable fracture 
patterns united without complication in both treatment groups, there was a sig-
nificantly higher failure rate with use of the SHS for unstable fractures (14% vs. 
3%). 

There has been an ongoing debate regarding the method of surgery and the 
device of choice for that account; that is while there is no consensus regarding 
the selection of device among authors. Although there has been an increase in 
the use of intramedullary devices in the US [11], given the long-standing history 
of using Dynamic hip screws (DHS) and the fact that they are less expensive and 
come along with the advantage of more familiarity with surgeons, it seems that 
the use of this device is still an appropriate choice for the treatment of hip frac-
tures [12]. 

In this study we aimed to evaluate patients with hip fracture with any type of 
fracture pattern (according to AO/OTA classification) and proximal femur bone 
quality (according to Dorr classification) who had undergone surgery using dy-
namic hip screws. We followed eligible patients and assessed the incidence of 
complications including nonunion and device failure. 

Given the lack of agreement regarding the device of choice for the manage-
ment of hip fractures, this study could provide the basis for further comparative 
studies regarding device selection and surgical methods to reach a global con-
sensus. 

2. Material and Method 

A retrospective cohort study of intertrochanteric fracture treated with dynamic 
hip screw (DHS) was performed. After approved this study in Firoozgar Hos-
pital, the necessary permits were obtained from the Iran University of Medical 
Sciences and the University Ethics Committee. The authors gave the necessary 
explanations to patients about the purpose of research, and then they were 
enrolled in the study after take of oral confirmation. For the purpose of this 
study, every patient with an intertrochanteric fracture who underwent surgery 
using DHS from March 20th 2013 to December 21st 2015 who arrived to Fi-
roozgar hospital, Tehran was enrolled in this study. Among 164 patients with 
intertrochanteric fracture who presented to Firoozgar hospital, 47 patients were 
not appropriate for DHS application, 16 patients were contraindicated for anes-
thesia because of medical disease, 101 patients including 54 males (53.5%) and 
47 females (46.5%) went under DHS implementation. Demographic data, medi-
cal history, laboratory data and radiographic findings including fracture type 
and proximal femoral bone quality were gathered and documented in patient 
records. 

Patients went under surgery after medical stabilization. Using the proper size 
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of plates and screws, patient went under implementation of DHS using the con-
ventional method through a lateral skin incision. Surgical details including sur-
gical duration (the duration between induction of anesthesia and transfer into 
recovery room), blood loss during surgery and transfusion were recorded in pa-
tient records. 

In the post-op evaluation, additional information including post-op radio-
graphs, time of mobilization and date of discharge were documented. Patients 
were then discharged with orders regarding wound care, mobilization and 
training and the time interval for post-op visits. A course of anticoagulants was 
administered to patients with certain indications. 

In the post-op evaluation patients were assessed in clinical visits; also tele-
phone follow-up was performed for patients who could not make it to the clinic. 
Patients were evaluated for medical complications, mobility status and in case of 
mortality, the details and the reason for the incidence was carefully documented. 
Patients whose follow-up period exceeded 6 months were evaluated for union 
status, device failure. 

Gathered data were analyzed using SPSS statistical analysis software (V. 16). 
The correlation between different variables and parameters like any type of 
fracture pattern (according to AO/OTA classification) and proximal femur bone 
quality (according to Dorr classification), device failure, femoral shortening and 
union was evaluated. A P value of 0.05 and below was determined for identifica-
tion of statistical significance. Pearson’s correlation coefficient was used for the 
assessment of correlation. 

Pre-operative radiographic parameters like Dorr classification, AO/OTA Classi-
fication and the neck-shaft angle of the opposite joint were assessed by the 
surgeon in charge and the chief resident. Assessment was performed in 2 steps 
using the picture archiving and communication system (PACS). Other radio-
graphic data including TAD and femoral shortening were gathered using the 
same method. 

Device failure was defined as screw breakage, plate breakage, screw cutout and 
screw protrusion from femoral neck. Nonunion occurs when a fracture has 
failed to heal in the expected time and is not likely to heal without new interven-
tion Bone healing (union) was evaluated considering focal tenderness, pain with 
movement and bone “Callus” formation in radiographic imaging. 

3. Result  

Among 164 patients with intertrochanteric fracture who presented to Firoozgar 
hospital, Tehran, between March 20th 2013 to December 21st 2015, 101 patients 
including 54 males (53.5%) and 47 females (46.5%) went under DHS implemen-
tation. Mean population age was 73.06 ± 16.36 years with an age range of 30 to 
94 years; the most frequent age period was 76 - 85 years. 

Injured by a low-energy trauma mechanism and 23.8% were injured in a 
high-energy trauma. 56 patients completed the 6 month follow-up period. 14 pa-
tients passed away, 1 of whom had made it through the 6 month follow-up pe-



A. Torkaman et al. 
 

37 

riod. 32 patients did not commit to the follow-up program. Mean follow-up pe-
riod for those who passed the 6 month follow-up was 29.8 weeks; all patients re-
ceived follow-up evaluation which ranged from 1 to 80 weeks. 27 of 56 patients 
(48.2%) were followed more than 48 weeks. 

According to AO/OTA classification the most common type among the pa-
tient population was A2, 27 patients (51.5%); while A1 was 15 patients (20.8%) 
and A3 was 14 patients (25%). The most common group from Dorr classifica-
tion turned to be group B, 21 patients (37.5%), while type A included 15 patients 
(26.8%) and type C included 20 patients (35.7%). Classification by ASA score 
revealed Class II to be most frequent among the patient population (56.4%) 
(Tables 1-3). 

3.1. Union  

In the follow-up period, nonunion was seen in eight patients (14.3%). Among 
various variables that were analyzed for correlation with nonunion, female 
gender was the only variable to have a significant correlation (P = 0.023). Va-
riables including AO/OTA and Dorr classification, were found to be irrelevant  
 
Table 1. Demographic data. 

Variable Condition Count Percentage 

Gender 
Male 54 53.5% 

Female 47 46.5% 

Age 

Aged Less than 55 Years 16 15.6% 

56 - 65 8 7.9% 

66 - 75 20 19.8% 

76 - 85 37 36.6% 

More than 85 Years 20 19.8% 

Age (Mean ± Sd) 73.07 ± 36.16 

Follow up Groups 

Completed Follow-Up 56 55.4% 

Died 13 12.9% 

In Follow-Up 32 31.7% 

History of Previous 
fracture had 

Positive 15 14.9% 

Negative 86 85.1% 

Comorbidity 
positive 41 40.6% 

Negative 60 59.4% 

ASA Score 

l 24 23.8% 

ll 57 56.4% 

lll 18 17.8% 

lV 2 2% 

Mechanism 
Low Energy 77 76.2% 

High Energy 24 23.8% 
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Table 2. Relationship between radiographic finding & mortality. 

Variable Condition 
Completed Follow-Up Mortality Group 

SE 
Correlation  
Coefficient Count Percentage Count Percentage 

AO/OTA 

A1 15 26.8 2 15.4% 

P = 0.68 0.1 A2 27 48.2 7 53.8% 

A3 14 25 4 30.8% 

Dorr 

A 15 26.8 0 0 

P = 0.102 0.12 B 21 37.5 6 46.2% 

C 20 35.7 7 53.8% 

 
Table 3. Relationship between variables with union. 

Variable Condition 
Union Nonunion 

SE 
Count Percentage Count Percentage 

Age 

Aged less than 55 years 12 100 0 0 

P = 0.16 

56 - 65 2 100 0 0 

66 - 75 10 71.4 4 28.6% 

76 - 85 16 80 4 20% 

More than 85 years 8 100 0 0 

Gender 
Male 28 96.6 1 3.4% 

P = 0.023 
Female 20 74.1 7 25.9% 

AO/OTA 

A1 13 86.7 2 13.3% 

P = 0.99 A2 23 85.2 4 14.8% 

A3 12 85.7 2 14.3% 

Dorr 

A 15 100 0 0 

P = 0.11 B 18 85.7 3 14.3% 

C 15 75 5 25% 

 
to the development of nonunion (P = 0.99 in AO/OTA classification group and 
P = 0.11 in Dorr classification group). 

3.2. Device Failure  

In the follow-up period, three patients (5.4%) developed different types of device 
failure. First case of device failure in our study was a73 years old female with in-
tertrochanteric fracture (A1 OTA classification; Dorr C bone quality classifica-
tion) treated with DHS application (TAD = 22) after 16 weeks follow up without 
union suffered to side plate breakage. 

Second case of device failure was a 83 years old female with intertrochanteric 
fracture (A3 OTA classification; Dorr C bone quality classification) treated with 
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DHS application (TAD = 20) after 48 weeks follow up with union accrue to 
screw cut out. 

Third case of device failure was a 81 years old female with intertrochanteric 
fracture (A2 OTA classification; Dorr C bone quality classification)treated with 
DHS application (TAD = 17) after 10 weeks follow up without union accrue to 
side plate breakage. 

Among of fracture pattern (according to AO/OTA classification) and proxim-
al femur bone quality (according to Dorr classification), none was found to be 
significantly related to the development of device failure (P = 0.85 in AO/OTA 
classification group and P = 0.06 in Dorr classification group) (Table 4). 

4. Discussion 
4.1. Union 

The incidence of nonunion was 14.3% in this study while Yeganeh et al. had re-
ported a 14.8% for DHS implantation and 3.7% of which associated with intra-
medullary implements rate that was similar to our finding [13]. We found a sig-
nificant correlation between the incidence of nonunion and the female gender, 
which we could not explain.  

A previous study by Setibudy T. had reported the incidence of nonunion to be 
1.4%, all of which had occurred in patients with signs of an unstable fracture in  
 

Table 4. Device failure. 

SE 
Negative Positive Device Failure  

Condition 
Variable 

Percentage Count Percentage Count 

P = 0.72 

100% 12 0 0 Aged less than 55 years 

Age 

100% 2 0 0 56 - 65 

92.9% 13 7.1% 1 66 - 75 

90.5% 19 9.5% 2 76 - 85 

100% 8 0 0 More than 85 years 

P = 0.11 
100% 29 0 0 Male 

Gender 
89.3% 25 10.7% 3 Female 

P = 0.85 

93.3% 14 6.7% 1 A1 

AO/OTA 96.4% 27 3.6% 1 A2 

92.9% 13 7.1% 1 A3 

P = 0.06 

100% 15 0 0 A 

Dorr 100% 21 0 0 B 

85.7% 18 14.3% 3 C 

P = 0.54 
92.5% 37 7.5% 3 Low Energy 

Mechanism 
Percentage Count Percentage Count High Energy 

This study shows that age, gender and mechanism of injury have not any significant relationship with device failure but this result is indeterminate. 
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radiography [14]. This is while the rate of nonunion was higher in our study and 
it did not relate to the type of fracture. 

Liu C. et al. reported on 22 patients with intertrochanteric fracture treated 
with DHS from 2006 to 2010 primary healing was observed in all cases. All cases 
were followed up 6 - 17 months (mean, 14 months). Union of fracture was ob-
served at 12 - 16 weeks (mean, 13.6 weeks); no fracture or internal fixation loo-
sening occurred [15]. 

4.2. Screw Cutout and Device Failure 

In our study, there were two device failure and one screw cutout in period of 
follow up. The mean of TAD was 22.57 (SD = 5.92) that has no correlation with 
device failure.  

The rate of implant malfunction was 5.4% in this study, while Parker and 
Handoll had reported a 5% incidence in a previous study [10]. This rate was re-
ported to be 1.5% and 2.6% and 3.6% in studies by Zhang and Chan and Setibu-
dy, respectively [16].  

We found the correlation between fracture type and device failure to be 
non-significant; the same result had been reported by Setibudy T. et al. in their 
study. 

Parker et al. reported 5% device failure in patient with extra capsular fracture 
that most common of them was shaft medicalization that was similar to our 
finding but in our study, the most common pattern of device failure was side 
plate breakage (two patients), and only one screw cutout [10]. 

Im G. I. et al. demonstrated that increased age (P = 0.01) and commination of 
the lateral cortex (P = 0.0001) were factors significantly associated with excessive 
displacement [17]. These 2 factors had a high degree of correlation (r = 0.76). In 
their study lose of reduction was 15% while in our study, fourteen patients had 
lateral cortex fracture (25%) that only one of them suffered to device failure 
(7.1%) and correlation between high grade unstable intertrochanteric fracture 
and device failure was non-significant (P = 0.85). 

Zhang et al. showed 1.5%; Qiang et al. 2.6%; Setiobudi et al. 3.6% device fail-
ure in their patients [16]. 

Chua et al. studied on 63 patients underwent fixation for unstable intertro-
chanteric fracture (AO/OTA type A2 and A3) using the PFNA (n = 25) or DHS 
(n = 38); and reported that there were 3 complications (2.6% device failure) [18]. 
Two patients treated with PFNA had blade cut-out, owing to poor fracture re-
duction. One patient treated with DHS had screw cut-out and subsequently de-
veloped a vascular necrosis of the femoral head. 

Leung et al. studied on 35 men and 65 women, aged 47 to 100 (mean, 83) 
years, who underwent fixation with a DHS blade for A1 (n = 47) and A2 (n = 53) 
intertrochanteric hip fractures after a low-energy injury. At the one-year fol-
low-up, 81 patients were available, and all fractures had healed without various 
deformities [19]. There was one loss of fixation (1% device failure) secondary to 
a non-traumatic sub-capital fracture at 3 months, for which a bipolar hemi-arthro- 
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plasty was performed.  
Dhamangaonkar et al. studied on 15 men and 5 women, aged 32 to 78 (mean, 

55) years, who were randomized to the proximal femoral locking plate group, 
whereas 14 men and 6 women aged 38 to 75 (mean, 59) years were randomized 
to the conventional 135-degree DHS group [20]. Medicalization of the shaft oc-
curred in 0 and 15 patients (P < 0.0001); varus collapse occurred in 2 and 5 pa-
tients (P = 0.408); and implant cut-out occurred in one patient in each group 
(5% device failure). 

Emami et al. studied 60 patients with intertrochanteric fractures, in the range 
of 45 - 60 years old, who were randomly divided into DHS and bipolar groups 
and 5% failure was reported in DHS group [21]. 

Given the lack of a consensus regarding the device of choice for the manage-
ment of hip fractures, it seems that neither the radiographic nor demographic 
parameters can be relied upon to predict the outcome in patients undergoing 
surgery. We suggest that a combination of parameters including surgeon’s expe-
riment, clinical, radiographic and para-clinical characteristics might elicit a more 
accurate outcome and could effectively guide the process of treatment and de-
vice selection as well as other surgical specifications. 
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