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Original Research Article  1 

The Use of Synthes Modular Distal Aiming Device (MODAD) System for Locked Intra-2 

Medullary nailing for fixation of fractures in Nigeria. A Prospective Observational 3 

Study. 4 

Abstract: 5 

Locked intra medullary nailing has been accepted globally as the gold standard for treating 6 

fractures of the shaft of long bones. The method provides acceptable stabilisation of the 7 

fracture, controls alignment, axial translation and rotational deformity at the fracture. The 8 

challenges of closed locked intra medullary nailing of fractures include the availability of 9 

resources such as operation equipment, skilled manpower required for such practice as well 10 

as the risk of irradiation exposure from the use of Image intensifier for the procedure. To 11 

obviate these challenges, option to achieve locked intra medullary nailing of fractures using 12 

various devices have been developed including the modular distal aiming device MODAD by 13 

Synthes.  14 

The aim of this study is to evaluate the early experience with the use of the Synthes modular 15 

distal aiming device for locked intra medullary nailing in various hospitals across Nigeria. 16 

Method: Evluation of prospectively collected data of patients with long bone diaphyseal 17 

fractures treated with Synthes Modular distal aiming device between January 1, 2007 and 18 

May 15, 2014 in various hospitals across Nigeria. Data was analysed and results are 19 

presented and discussed. 20 

Result: During the period under study, 71 fractures were treated in the various hospitals 21 

across the country with the majority (54 {76%}) of the fractures treated at Teme Hospital 22 

Port Harcourt, Nigeria. Most of the fractures resulted from Road Traffic Crashes. The median 23 

total duration of surgery was 1 hour 54 mins (IQR, 40mins – 4hour 10 mins) whereas the 24 

median time to locking distal holes was 47 mins (IQR, 25 – 2hour 25 mins). The total 25 

average estimated intra-operative blood loss (including fracture haematoma) was 452 mls 26 

±128mls) requiring blood transfusion of 25 units of blood for all patients. The Post operative 27 

infection was 5 (7%) including superficial infection, Deep infection and overt chronic 28 

osteomyelitis. 29 
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Conlusion. Modular distal aiming device is a good tool for locked intra medullary nailing of 30 

long bone fractures. It obviate the huge cost of acquiring and maintaining C arm required for 31 

closed locked intra medullary nailing of fractures of the shaft of long bone. The results from 32 

the use od MODAD is comparable with those obtained from the use of C-arm and it 33 

eliminated the exposure to irradiation associated with the use of C-arms.    34 

Introduction 35 

The use of locked intra medullary (IM) nails (locked IM nailing) is presently the gold 36 

standard for the treatment of long bone diaphyseal fractures. [1][2]). It has been shown to be 37 

superior to other methods of fixation of such fractures. The Association for the Study of 38 

Internal Fixation (ASIF/AO) Group recommends its use for the treatment of diaphyseal 39 

fractures of long bones whenever it is possible [1] Locked intra medullary nails do not only 40 

provides internal splinting of the fractured bone, it is a load bearing implant thereby reduces 41 

the axial load on the broken bone during the early healing phase of the fracture. Such systems 42 

also helps to restore the length control proper alignment and most importantly axial rotational 43 

forces of the broken bone fragment when subjected to weight bearing [3].While other 44 

implants used for internal fixation of fractures such as plates and screws can correct the 45 

longitudinal displacement and restore length, they are load shearing. Unlocked IM nails on its 46 

part despite being able to control alignment and bear some load, they have reduces ability to 47 

control axial translation, and rotational deformation especially of the distal fragment of the 48 

fractured bone [3]. 49 

The challenges of the process of locking during IM nailing especially the distal holes of the 50 

nail include the need for the use of intra-operative imaging systems, availability of surgeons 51 

and operating room personnel (ORP) with the experience on the technique, the availability of 52 

the locked nailing system which are often quite expensive as such may not readily available 53 

in most hospitals and affordable to most patients in the developing countries. The use of 54 

intra-operative imaging systems exposes both the patient, the surgeons and other operating 55 

room (OR) personnel to doses of irradiation [4], prolonged operation time, increased blood 56 

loss and the need for blood transfusion[5]  [6][7] Safety regulation limits radiation exposure 57 

on professionals to 300–500 mSv per year as higher doses increases the risk of adverse 58 

consequences of irradiation [8].  59 
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Tasbas BA et al has shown that during locked IM nailing, the surgeon and the assistant 60 

surgeon receive various doses of irradiation. It was observed that following 107 consecutive 61 

operations over a 3-months period,, the operating surgeon who is usually more than 90cm 62 

away from line of the beam receives about 0,0375mSv of irradiation in the outer gown 63 

dosimeter and 0mSv in the under gown dosimeter after each routine IM nailing procedure 64 

while the assistant who is usually approximately 10cm from the beam receives about0.21mSv 65 

and 0.05mSv in the outer gown and under gown dosimeters respectively [9]. This requires 66 

that the surgeon undertakes about 13,500 IM nailing while the assistant 2000 IM nailing in a 67 

year to reach the set safety limit of irradiation exposure by these personnel.  Furthermore, 68 

various organs of the body receive various doses of irradiation during IM nailing with intra 69 

operative imaging. It has been observed that the eyes, thyroid and hands of the surgeon and 70 

the assistant receive the following doses of irradiation (19.0 uSV, 34.5uSV, 41.7uSV) 71 

respectively during a routine locked IM nailing lasting for average of 2 hours using the C-72 

Arm image intensifier[4] Even operating room personnel within 30 inches from C-arm beam 73 

receive significant irradiation particularly to unprotected areas such as the eyes, nail, hands 74 

[4]  75 

In addition, because of the huge capital cost of acquiring and maintaining intra operative 76 

imaging systems, most hospitals in the developing countries such as Nigeria do not have 77 

these systems. Most of the available ones are not operational due to lack of maintenance. [2]. 78 

The use of such technology requires additional training of the surgeons to master the 79 

techniques for locking of the nails especially the distal holes [10] or hiring of already trained 80 

personnel to operate the systems at additional costs. This increases the cost of care which is 81 

ultimately transferred to the patients and their family who are already burdened by harsh 82 

economic challenges especially if the patient is the bread winner of the family which is often 83 

the case [11]  84 

 85 

Because of challenges of locking of distal holes even in presence of intra operative imaging, 86 

various devices have been produced to aid locking of IM nails and tried to reduce the need 87 

and use for intra operative imaging. Such devices include the use of radiolucent drills [12], 88 

the use of distal targeting Jigs [13], laser assisted devices [14], grid and flag devices [15], 89 

magnetic navigational aids [16] and the use of custom designed nails with special slots [17]. 90 
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None of these has generally been accepted [18] as all of the mentioned devices have their 91 

challenges too. Most of the mechanical devices fail because of failure of the systems to 92 

account for the deformational torque and rotational forces the nail undergoes on insertion 93 

[19]. Free hand technique with the use of C arm remains the most popular method used 94 

globally.  95 

The unavailability of the resources required for the practice of closed locked IM nailing such 96 

as functional intra operative imaging, huge capital cost required to acquire and maintain such 97 

equipment required for the technique and non availability of personnel with the requisite 98 

experience required for the technique limits the capacity to practice locked IM nailing in most 99 

centres in the developing countries including Nigeria. The introduction of aiming devices 100 

including the MODAD by Synthes was an attempt to obviate the challenges. The use of the 101 

MODAD like other targeting devices used for the locking the IM nails particularly the distal 102 

holes of the nails is associated with  intra operative challenges such as prolonged operation 103 

time as compared to the other conventional ORIF methods like unlocked IM nailing, use of 104 

plate and screws. This is attributable to the time required to assemble the locking device as 105 

well as the time required for the locking of the holes in the nails especially the distal holes 106 

[20]. 107 

 108 

In Nigeria like in most other developing and resource scarce countries, the use of locked intra 109 

medullary nailing for fracture treatment still remain limited because of the reasons already 110 

adduced. Most centres resort to the use of available methods that obviates the use of intra-111 

operative imaging.This study aims to showcase the experience with the use of 112 

Synthes/Modular Aiming Devise (MODAD) for locked intra medullary nailing without intra 113 

operative imaging in a trauma centre in Nigeria. 114 

 115 

Method: 116 

This is a prospective observational study reporting the experience of the use of Synthes 117 

MODAD system for locked IM nailing of long bone diaphyseal fractures treated by the 118 

author in various hospitals across Nigeria as an expert visiting surgeon between January 1, 119 

2007 and May 15, 2014.  Appropriate ethical approvals were obtained from the relevant 120 
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hospital authorities and informed consent was obtained from the patients according to 121 

Helsinki Declaration of 1975. The majority of the patients were treated at the Teme Hospital 122 

Port Harcourt a dedicated trauma centre in Nigeria.  123 

The surgery was undertaken by the author of this study who had been trained on the 124 

technique of use of the MODAD device and travelled to various hospitals and centres in 125 

Nigeria training other surgeons on the use of the system. The same surgical techniques and 126 

antibiotic protocol using intravenous cephtriaxone 30 minutes before incision which was 127 

repeated if surgery lasted beyond 4 hours and then daily for 2 days after surgery was used for 128 

all patients.  All fracture were reduced using limited open method by short incision to ensure 129 

fracture reduction and passage of guide wire across the fracture into the distal fragment. 130 

Insertion and locking of the IM nails was done in conventional method using the MODAD. 131 

Demographics of the patients whose fracture were treated with MODAD system, injury 132 

characteristics, interval to fracture fixation form initial injury, surgical time, intra operative 133 

bleeding, transfusion requirements and post operative outcome were determined. Outcome 134 

assessed by the duration of post operative wound healing, clinical and radiological fracture 135 

union, post operative wound infection and occurrence of post operative osteomyelitis.  136 

 137 

Data relating to patients demographics, indication for locked IM nailing, intra operation time, 138 

intra operation blood loss and post operative outcome estimated by the length of hospital 139 

stay, post operative infections and duration of early fracture healing as assessed by early 140 

radiological union were collated. The data was analyzed using statistical package for 141 

windows version 20 (IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM 142 

Corp.).   Descriptive statistics was generated and presented with means with standard 143 

deviation (SD) and median with inter quartile ranges (IQR) for numerical variables while 144 

categorical variables are presented as proportions and percentages. Chi Square X2 was used 145 

to test for observed differences among categorical variables whereas differences between 146 

means were tested by student’s t test. Results are presented with descriptive statistics as 147 

considered appropriate and inferential statistics when necessary. P values less than 0.05 are 148 

accepted as statistical significant. 149 

 150 
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Results: 151 

 Between January 1 2007 and May 15, 2014, 71 cases of locked intramedullary nailing of the 152 

fractures of the shaft of long bones were undertaken by the author across various hospitals in 153 

Nigeria.  Most 54 (76%) of the operations were undertaken at the Teme hospital Port 154 

Harcourt. The patients and the hospitals are distributed in table 1. 155 

 156 

1. Table 1 showing Patients and the Hospitals where procedure was undertaken. 157 

Centre        No of cases 158 

Teme Trauma Centre Port Harcourt    54  159 

Other Private Hospitals in Port Harcourt    10 160 

University of Port Harcourt Teaching Hospital   2 161 

National Orthopaedic Hospital Igbobi Lagos   1 162 

National Orthopaedic Hospital Enugu    1 163 

National Orthopaedic Hospital Dala Kano   2 164 

Federal Medical Centre Gombe     1 165 

Total        71 166 

2. Age distribution of the patients: 167 

Table 2, Age distribution of the patients. 168 

Age in years No % 

0 – 9 Nil Nil 

10 – 19 6 8.5 

20 – 29 20 28.2 

30 – 39 23 32.4 
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40 – 49 12 16.9 

50 and above 10 14.0 

Total 71 100 

 169 

3. Gender distribution 170 

There were 54 males and 17 females giving a male to female ratio of 3.2 : 1 171 

 172 

3. Cause of Injury 173 

Table 3, Distribution of cause of injury 174 

Cause of injury Nos % 

Road Traffic Injury 58 81.7 

Gunshot Wounds 3 4.2 

Sports Injuries 4 5.6 

Falls 6 8.5 

Total 71 100 

  X2= 46.67,  P < 0.00001    175 

 176 

4. Types of fracture and bones involved 177 

Most of the fractures treated using MODAD were closed (n=68, {95.8%}) whereas 3 (4.2%) 178 

of the fractures were open. Forty eight (67.6%) of fractures involved the femur while 23 179 

(33.4%) were tibial fractures. 180 

 181 

 182 
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5.  Average Duration of surgery 183 

Median total duration of surgery  1 hour 54 mins  184 

       IQR (40mins – 4hour 10 mins) 185 

Median time to locking distal holes 47 mins  186 

       IQR (25 – 2hour 25 mins) 187 

6. Estimated blood loss from the procedure 188 

Average estimated intra-operative blood loss (including fracture haematoma) was 452 189 

mls ±128mls) 190 

 Total units of blood transfusion for all patients    25 units 191 

  Intra-op transfusion       10 units 192 

Post - op blood transfusion      15 units 193 

Number of Units of Blood transfusion per patient.  194 

A total of 58 patients (81.7%) did not require blood transfusion, 11 patients has 195 

between 1 and 3 units of blood while only 1 patient had more than 5 units of blood. 196 

 197 

Table 4, Distribution of the frequency of transfusion among the patients. 198 

Transfusion rates Nos % 

Nil 58 81.7 

1 – 3 units 11 15.5 

4 – 5 units 2 2.8 

Above 5 units 1 1.5 

X2 = 50.7528  P < 0.00001  199 

 200 
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7. Target Hit of distal Holes successfully locked 201 

There were 142 distal holes in the 71 IM nails. Distal locking was only attempted for 102 202 

slots based the geometry of the fracture pattern. Ninety four (92.2%) target hits were 203 

achieved out of the 102 attempted locking of distal holes. 204 

Table 5, Precision of distal  hole locking using MODAD 205 

No of locking slots Nos % 

Total nos. of Distal locking slots in nails 142   

Total distal holes locking attempted 102 100 

Distal Hole target hit 94 92.2% 

Distal hole target misses 8 7.8% 

X2= 44.0907   P < 0.00001 206 

8. Duration of Post Op hospitalization. 207 

Fifty four (76.1%) of the patients stayed between 1 day to seven days in the hospital after 208 

surgery while only 1 patient stayed beyond 28 days after surgery. 209 

Table 6, Distribution of post operative hospitalization among the patients 210 

Post Op Hospitalization in days Nos % 

1 – 7  54 76.1 

8 – 14  12 16.9 

15 – 28  4 5.6 

Above 28 days 1 1.4 

Total 71 100 

 X2 = 43.3174,   P < 0.00001 211 

Median duration of Post Op hospitalization  =  2 days, IQR (2 – 42days) 212 
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9. Average duration to early radiological Union of fractures 213 

More than 83% of the fractures had reached advanced stages of healing as evidenced by good 214 

callus formation at 6 months after surgery while 6 fractures (8.4%) of the fractures was yet to 215 

show evidence of healing at 6 months. State of healing of 8 patients who were lost to follow 216 

up could not be ascertained. There was a statistically significant difference between the 217 

number of fractures with evidence of radiological union as at 6 months and the fractures that 218 

united after 6 months (X2 = 24.805, P < 0.00001). 219 

 220 

Table 7, Duration to early radiological union of the fractures 221 

Duration to radiological Union in weeks Nos % 

6 – 12 24 33.8 

13 – 18 20 28.2 

19 – 24 13 18.3 

Above 24 weeks 6 8.4 

Lost to follow up 8 11.3 

Total 71 100 

The median duration to early radiological union = 15 weeks, IQR (6 – 42) weeks  222 

 223 

Post-Operative Infections.  224 

A total of 5 patients (7%) developed infection. Three (4.2%) out of the four (5.6%) patients 225 

with superficial infection progressed to deep wound infection, of which 1 case developed 226 

overt post operative chronic osteomyelitis. One patient developed overt post operative 227 

chronic osteomyelitis 3 months after the surgery. The number of persons that developed 228 

chronic osteomyelitis among the 8 patients that defaulted follow up could not be ascertained. 229 

 230 
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Table 8.  Distribution of post operative infections. 231 

Type of Post op infection Nos % 

Superficial wound infection 4 5.6 

Deep wound infection 3 4.2  

Chronic Osteomyelitis 2 2.8  

Total pts with infection 5 7 

 232 

 233 

DISCUSSION: 234 

Long bone diaphyseal fractures often results from high energy injuries especially in young fit 235 

adults. These injuries may involve multiple long bones such as the humerus, femur and tibia. 236 

When such fractures occur, early fixation of the fractures is required to enable early 237 

mobilization of the patients and early return of the patients to premorbid condition. These 238 

remain the goal of treatment.   239 

 240 

The age and gender distributions of the patients in this study buttress the fact that these 241 

injuries are commoner among the young active males who are often the economic livewire of 242 

their various families, community and the wider society [10]. The reasons for this may 243 

include the fact that the group are more exposed to risks and have a higher tendency to risk 244 

taking in their daily activities especially when they are the bread winners of their family.  245 

Most of the fractures treated in this study resulted from RTC (n= 58 {81.7 %}). This is a 246 

common finding in other studies across the globe (Refs). This is not surprising because such 247 

injuries from RTC often closed fractures resulting from blunt mechanism of injury. . 248 

Penetrating injuries from gunshot wounds (GSW) and stab injuries often will result in open 249 

fractures which are often not commonly treated by internal fixation especially when they are 250 

heavily contaminated for reasons of fear of post operative infection. In this series, only 3of 251 

the fractures which were of Gustilo and Anderson types 1 and 2 open fracture [21] resulting 252 
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from GSW was treated by locked IM nailing using the MODAD. This has been the tradition 253 

among most orthopaedic surgeons but in the recent times some surgeons are beginning to 254 

apply internal fixation for open fractures even up to Gustilo and Anderson grade 3a with 255 

reported good results [22]. Internal fixation in open fracture requires the application of 256 

principles of early and appropriate wound care, stable internal fixation followed by 257 

immediate wound cover and appropriate antibiotics administration such as in the principles of 258 

“fix and flap” advocated jointly by the British Orthopaedic Association and the British 259 

Association of Plastic Surgeons[23]. 260 

 261 

The recorded median total operation time of 1 hour 54 minutes (mins) with ranges from 262 

40mins to 4hour 10 mins) can be attributed to limited experience on the use of the device 263 

especially in the early stages of the study which improved over the period with improvement 264 

in the learning curve. Other intra operative challenges observed was the target misses of 265 

while inserting the locking screws in the holes in the IM nails especially the distal ones. This 266 

also improved with improved experience of the surgeon. However, the recorded target hole 267 

misses from this study (8 {7.8%}) can be considered relatively low thus confirming the high 268 

precision of the use MODAD system. Other authors had published comparable target hole 269 

misses of [18] [20] and even with the use of C-arm.  270 

The average blood loss recorded (452 ± 168 mls) from the use of this method was relatively 271 

much less when compared to that from reported from open nailing [24] but much higher than 272 

the 119 mls recorded by Chaudhary et al for closed reduction and intra medullary nailing of 273 

femoral fractures [25] (Ref). This is so because the fracture site still had to be opened when 274 

using MODAD to enable proper reduction of the fracture fragments. This usually results in 275 

bleeding, loss of the fracture haematoma and exposure of both the fracture site and the 276 

fracture haematoma to the exterior. This average amount of blood loss recorded from this 277 

study is however lower than that reported during ORIF using plates and screws (plating) [26] 278 

especially in cases of fractures of the femur. This quantity of blood did not require the blood 279 

transfusion in most cases. Some authors have argued that this action converts the closed 280 

fracture to an open fracture with attendant higher risk of infection, delayed and non-union 281 

[26] [27]. 282 
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The observed total infection rate of (n = 5, {7%}) is comparable to the that recorded by 283 

Young et al [28] but higher than 1% to 2% reported by Duan et al [29] The reason for the 284 

observed differences may be related to the differences in the operating room (OR) conditions 285 

especially as it relates to the OR design, facilities available, and differences in the observation 286 

of aseptic measures by the OR personnel between the different centres. However, the 287 

reported post operative infection rate from this study is far lower than that reported by 288 

various authors for open fracture which may exceed 30% [30] [31].  Especially as the fracture 289 

site was opened for reduction of the fractures before fixation thus converting the closed 290 

fracture to open fracture in most instances. This is the usual practice when plates and screws 291 

is used for the fixation of fractures 292 

 293 

The observed median duration of post operative hospitalization of 2 days ensured that 294 

patients left the hospital early thus ensuring appreciable reduction in the cost of 295 

hospitalization and lower risk of acquiring hospital associated infections which contributes to 296 

increased cost of care to hospitalized patients [32] In addition the early mobilization and early 297 

weight bearing of the patients on the affected limbs reduced the rate of complications 298 

associated with prolonged immobilization such as development of deep venous thrombosis, 299 

orthostatic pneumonia and decubitus ulcers [33]. 300 

The median duration to early radiological healing (union) of the fracture of (15weeks, IQR (6 301 

– 42)weeks for most of the fractures is comparable to the 16 weeks reported by Babalola et al 302 

2016 in which fractures were fixed by locked IM nailing after open reduction of the fractures. 303 

The healing time compared better than the 19,36 ± 6,1 weeks reported by Sadic et al [34]. . 304 

This may be related to the minimal tampering of the fracture haematoma and fracture 305 

environment despite that the fracture reduction was by open method thus ensuring optimal 306 

fracture biology during the process of the fracture fixation and the early weight bearing on 307 

the affected limb because of the load bearing nature of the implant which also stimulates 308 

fracture healing [35] These reasons contributed to increased patients’ satisfaction and 309 

acceptance of this method of treatment as compared to traditional plating and non-locked IM 310 

nailing which often require longer duration to bearing and of fracture union. 311 

 312 
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CONCLUSION 313 

Methods of treatment of fractures continue to evolve over the years.  Trends toward 314 

minimally invasive techniques with minimal tampering of the fracture site and haematoma 315 

but providing adequate stabilization of the fracture are encouraged. These allow early 316 

mobilization of the fractured limb and the injured patient as well as early fracture healing 317 

with minimal complications. The use of MODAD obviated the need for the expensive C-arm 318 

with its attendant intra operative exposure to irradiation and high skills required for closed IM 319 

nailing of long bone fractures. The use of MODAD however is not without associated 320 

challenges especially during the early period of commencement of the use of such system. 321 

These challenges include prolonged operation time, relatively higher blood loss, distal hole 322 

misses and time required to mastering the technique. These intra operative challenges 323 

improved with experience in the use of the MODAD. The use of this system resulted in 324 

shortened post operative hospitalisation, early mobilization of patients, early weight bearing 325 

on the fractured limb, early fracture union and acceptable infection rates in the treatment of 326 

fractures of the shaft of long bones.  The use of MODAD in the treatment of fractures of the 327 

shaft of long bone is a good method especially in a developing country like Nigeria where the 328 

resources required for optimal fracture care like closed IM nailing such as intra operative 329 

imaging and experienced human resources may not be readily available. 330 

DECLARATIONS: 331 

The authors wish to categorically state that this manuscript, including related data, figures 332 

and tables has not been previously published and the manuscript is not under consideration 333 

elsewhere.  334 

All the information contained in this manuscript are original except otherwise clearly stated 335 

and duly acknowledged. 336 

 337 

Consent for Publication: Not applicable 338 

 339 

 340 

 341 

 342 

UNDER PEER REVIEW



15 

 

REFERENCES 343 

1. Brumback RJ, Ellison TS, Poka A, Bathon GH, Burgess AR. Intramedullary nailing 344 

of femoral shaft fractures. Part III: Long-term effects of static interlocking fixation. J 345 

Bone Joint Surg Am; 1992; 74–A(1):106–112. 346 

 347 

2. Babalola OM, Ibraheem GH, Ahmed BA, Olawepo A, Agaja SB, Adeniyi A. Open 348 

Intramedullary Nailing for Segmental Long Bone Fractures: An Effective Alternative 349 

in a Resource-restricted Environment. Niger J Surg. 2016; 22(2):90-95. 350 

 351 

 352 

3. Kempf I, Grosse A, Beck G. Closed locked intramedullary nailing. Its application to 353 

comminuted fractures of the femur. J Bone Joint Surg Am. 1985 Jun;67(5):709-20. 354 

 355 

4. Mehlman CT, DiPasquale TG. Radiation exposure to the orthopaedic surgical team 356 

during fluoroscopy: "how far away is far enough?". J Orthop Trauma. 1997; 11(6): 357 

392-8 358 

 359 

 360 

5. Whatling GM, Nokes LD. Literature review of current techniques for the insertion of 361 

distal screws into intramedullary locking nails. Injury. 2006; 37(2):109–119. 362 

doi:10.1016/j.injury.2005.09.009 [CrossRef] 363 

 364 

6. Lin J, Shen PW, Hou SM. Complications of locked nailing in humeral shaft 365 

fractures. J Trauma. 2003; 54(5):943–949. 366 

doi:10.1097/01.TA.0000032252.57947.47 [CrossRef] 367 

 368 

7. Prince EJ, Breien KM, Fehringer EV, Mormino MA. The relationship of proximal 369 

locking screws to the axillary nerve during antegrade humeral nail insertion of four 370 

UNDER PEER REVIEW



16 

 

commercially available implants. J Orthop Trauma. 2004; 18(9):585–588. 371 

doi:10.1097/00005131-200410000-00001 [CrossRef] 372 

 373 

 374 

8. Fuchs M, Schmid A, Eiteljorge T, Modler M, Sturmer KM. Exposure of the surgeon 375 

to radiation during surgery. Int Orthop. 22:153-156, 1998. 376 

 377 

 378 

9. Tasbas BA, Yagmurlu MF, Heybeli M, Ucaner A, Bayrakci K.  Which One Is at Risk 379 

in Intraoperative Fluoroscopy? Assistant Surgeon or Orthopaedic Surgeon? Arch 380 

Orthop Trauma Surg 2003; 123 (5), 242-244.  381 

 382 

10. Sugarman 
 
I D, Adam I, Bunker T D. Radiation Dosage During AO Locking Femoral 383 

Nailing. Injury 1988; 19 (5), 336-338.  384 

 385 

11.  Boden LI.. Running on Empty: Families, Time, and Workplace Injuries. Am J Public 386 

Health. 2005; 95(11): 1894–1897. 387 

12.  Lim JTK, M. F. Brown. A simple radiolucent drill guide to aid intramedullary nail 388 

locking. Ann R Coll Surg Engl. 2005 May; 87(3): 213. 389 

 390 

13. Tyropoulos S, Garnavos C. A new distal targeting device for closed interlocking 391 

nailing. Injury. 2001 Nov;32(9):732-5. 392 

14.  Lase 393 

 394 

 395 

15.  NJ, Sorkin AT, Konopka G, McKinley TO. Surgical Technique: Static 396 

Intramedullary Nailing of the Femur and Tibia Without Intraoperative Fluoroscopy. 397 

Clin Orthop Relat Res. 2011 Dec; 469(12): 3469–3476. 398 

 399 

 400 

UNDER PEER REVIEW



17 

 

16. Antonini G,  Stuflesser W,  Crippa C,  Touloupakis G. A distal-lock electromagnetic 401 

targeting device for intramedullary nailing: Suggestions and clinical experience.Chin 402 

J Traumatol. 2016; 19(6): 358–361. 403 

 404 

17. Carsen S, Park SS, Simon DA, Feibel RJ. Treatment With the SIGN Nail in Closed 405 

Diaphyseal Femur Fractures Results in Acceptable Radiographic Alignment. Clin 406 

Orthop Relat Res. 2015; 473(7):2394-401. doi: 10.1007/s11999-015-4290-1.  407 

 408 

18. Krettek C, Könemann B, Miclau T, Kölbli R, Machreich T, Tscherne H. A 409 

mechanical distal aiming device for distal locking in femoral nails. Clin Orthop Relat 410 

Res. 1999 Jul;(364):267-75. 411 

 412 

 413 

19. Krettek C, Könemann B, Miclau T, Schandelmaier P, Blauth M, Tscherne H. A New 414 

Technique for the Distal Locking of Solid AO Unreamed Tibial Nails. Journal of 415 

Orthopaedic Trauma: 1997; 11(6): 446-451. 416 

 417 

20.  Pardiwala D,  Prabhu V,  Dudhniwala G,  Katre R. The AO distal locking aiming 418 

device. An evaluation of efficacy and learning curve. Injury 2001; 32 (9): 713-718.  419 

 420 

21. Gustilo RB, Anderson JT. Prevention of infection in the treatment of one thousand 421 

and twenty-five open fractures of long bones: retrospective and prospective 422 

analyses. J Bone Joint Surg Am. 1976;58:453–458.[PubMed] 423 

 424 

22.  Azam Q,  Sherwani MKA,  Abbas M,  Gupta R,  Asif N,  Sabir AB. Internal fixation 425 

in compound type III fractures presenting after golden period. Indian J Orthop. 2007 426 

Jul-Sep; 41(3): 204–208. 427 

 428 

  429 

UNDER PEER REVIEW



18 

 

23. Gopal S, Majumder S, Batchelor AG, Knight SL, De Boer P, Smith RM. Fix and flap: 430 

the radical orthopaedic and plastic treatment of severe open fractures of the tibia. J 431 

Bone Joint Surg Br. 2000 Sep; 82(7):959-66. 432 

 433 

24.  Kajja I,  Bimenya GS,  Eindhoven B,  Jan ten Duis H,   Sibinga CTS
.  

Blood loss and 434 

contributing factors in femoral fracture surgery. Afr Health Sci. 2010 Mar; 10(1): 18–435 

25. 436 

 437 

25. Chaudhary P, Maharjan R, Kalawar RPS, Baral P and Shah AB. Randomized 438 

controlled trial comparing open versus closed interlocking nail for closed fracture 439 

shaft of femur in Adults. International Journal of Orthopaedics Sciences 2017; 3(1): 440 

591-595. 441 

 442 

26. Abbott MD, Loder RT, Anglen JO.Comparison of submuscular and open plating of 443 

pediatric femur fractures: a retrospective review. J Pediatr Orthop. 2013 Jul-444 

Aug;33(5):519-23. doi: 10.1097/BPO.0b013e318287056d. 445 

 446 

27. Johnson KD, Johnston DW, Parker B. Comminuted femoral-shaft fractures: treatment 447 

by roller traction, cerclage wires and an intramedullary nail, or an interlocking 448 

intramedullary nail. J Bone Joint Surg Am. 1984; 66:1222-35 449 

 450 

28. Young S, Lie SA, Hallan G, Zirkle LG, Engesæter LB, Havelin LI. Risk Factors for 451 

Infection after 46,113 Intramedullary Nail Operations in Low- and Middle-income 452 

Countries World J Surg 2013; 37(2): 349-55. 453 

 454 

29. Duan X, Al-Qwbani M, Zeng Y, Zhang W, Xiang Z. Intramedullary nailing for tibial 455 

shaft fractures in adults Cochrane Database Syst Rev 2012; 1: CD008241 456 

 457 

30. Perren SM. Evolution of the internal fixation of long bone fractures. The scientific 
458 

basis of biological internal fixation: choosing a new balance between stability and 
459 

biology. J Bone Joint Surg (Br), 2002; 84(8):1093−1110.  
460 

 461 

UNDER PEER REVIEW



19 

 

31. Raahave D Postoperative wound infection after implant and removal of osteosynthetic 
462 

material. Acta Orthop Scand, 1976; 47(1):28−35. 
463 

32. Ruangkriengsin D, Phisalprapa P. Causes of prolonged hospitalization among general 464 

internal medicine patients of a tertiary care center. J Med Assoc Thai. 2014; 97 Suppl 465 

3:S206-15. 466 

 467 

33. Cho SH, Ketefian S, Barkauskas VH, et al. The effects of nurse staffing on adverse 468 

events, morbidity, mortality, and medical costs. Nurs Res 2003; 52:71–9 469 

 470 

34.  Sadic S,  Custovic S,  Smajic N,
 

 Fazlic M,  Vujadinovic A, Hrustic A, et al. 471 

Complications and Functional Recovery in Treatment of Femoral Shaft Fractures with 472 

Unreamed Intramedullary Nailing. Med Arch. 2014 Feb; 68(1): 30–33. 473 

 474 

35. Kubiak EN, Beebe MJ, North K, Hitchcock R, Potter MQ. Early weight bearing after 475 

lower extremity fractures in adults. J Am Acad Orthop Surg. 2013 Dec;21(12):727-476 

38. doi: 10.5435/JAAOS-21-12-727. 477 

UNDER PEER REVIEW


