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ABSTRACT 

Background 

Intramedullary (IM) nailing for femoral shaft fractures is the current most effective, gold-standard treatment 

modality for femoral shaft fractures in the adult population.  In the past, intramedullary femur nails were 

primarily performed utilising the anterograde approach (AFN). Recently, the retrograde approach (RFN) 

has become an attractive alternative option. The retrograde approach requires no traction table during 

surgery, a viable solution where, in polytraumatized patients, multiple procedures might have to be 

combined. The retrograde insertion technique, conversely, utilizes a through-knee approach with potential 

injury to surrounding anatomical supporting structures of the knee. This approach also raises concerns 

about post-operative knee pain, stiffness and sepsis thus with a potential negative impact on functional 

knee scores. 

Methods 

This is a retrospective review of a prospectively collected database of the HIV in Orthopaedic Skeletal 

Trauma (HOST) Study database. Patients who had an anterograde or retrograde femoral nail done in the 

HOST study were included in our data collection. Our primary aim was to compare the outcomes of AFN vs 

RFN comparing health-related quality of life measures. The secondary aim of our study was to compare the 

RFN and AFN groups with regards to surgical time and the incidence of complications, these including the 

presence of post-operative infections documented during subsequent follow-up visits.  

Results  

196 patients underwent intramedullary nailing for diaphyseal femur fractures that was included in the study. 

125 of them had an AFN performed and 71 a RFN. There was no significant difference in the compared 

health-related quality of life measures and its surrogate categories that represented post operative knee 

function. Both the AFN and RFN nailing techniques effectively accomplished high union rates and adequate 

alignment. Infection fortunately occurred at a very low rate within both the two groups.  

Conclusion  

In the cohort of patients with femoral fractures treated with intramedullary nailing during the HOST study, 

anterograde - and retrograde femoral nails achieved similar outcomes with similar complication rates. 
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Abstract 

Background 

Intramedullary (IM) nailing for femoral shaft fractures is the current most effective, gold-standard treatment 

modality for femoral shaft fractures in the adult population.  In the past, intramedullary femur nails were 

primarily performed utilising the anterograde approach (AFN). Recently, the retrograde approach (RFN) 

has become an attractive alternative option. The retrograde approach requires no traction table during 

surgery, a viable solution where, in polytraumatized patients, multiple procedures might have to be 

combined. The retrograde insertion technique, conversely, utilizes a through-knee approach with potential 

injury to surrounding anatomical supporting structures of the knee. This approach also raises concerns 

about post-operative knee pain, stiffness and sepsis thus with a potential negative impact on functional 

knee scores. 

Methods 

This is a retrospective review of a prospectively collected database of the HIV in Orthopaedic Skeletal 

Trauma (HOST) Study database. Patients who had an anterograde or retrograde femoral nail done in the 

HOST study were included in our data collection. Our primary aim was to compare the outcomes of AFN vs 

RFN comparing health-related quality of life measures. The secondary aim of our study was to compare the 

RFN and AFN groups with regards to surgical time and the incidence of complications, these including the 

presence of post-operative infections documented during subsequent follow-up visits.  

Results  

196 patients underwent intramedullary nailing for diaphyseal femur fractures that was included in the study. 

125 of them had an AFN performed and 71 a RFN. There was no significant difference in the compared 

health-related quality of life measures and its surrogate categories that represented post operative knee 

function. Both the AFN and RFN nailing techniques effectively accomplished high union rates and adequate 

alignment. Infection fortunately occurred at a very low rate within both the two groups.  

Conclusion 

In the cohort of patients with femoral fractures treated with intramedullary nailing during the HOST study, 

anterograde - and retrograde femoral nails achieved similar outcomes with similar complication rates. 
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Introduction 

Intramedullary nailing is the current, gold-standard treatment of femoral shaft fractures in the adult 

population.(1–7) Historically, most femur nails were performed using AFN. RFN was developed specifically 

to address more distal, metaphyseal fractures.  With time, the indications for RFN expanded, specifically 

because a traction table were unnecessary. Thus adding to the attractiveness of the approach, especially in 

polytraumatized patients where multiple procedures might have to be combined. Both these nailing 

techniques nevertheless, are known to demonstrate similar healing rates and time to union.(1,2,4,7,8)  

 

With AFN, the use of a traction table can be time-consuming. The surgical insertion of the nail through the 

piriformis fossa or greater trochanter can also be difficult in obese or multiple-fractured patients.(1,2,9) Varus 

malalignment, lateral hip pain, Trendelenburg gait and heterotopic ossification are all complications following 

AFN.(3,10)  

 

RFN utilises a through-knee approach with potential injury and damage to the anatomical structures within 

the knee joint. Some concerns about post-operative knee pain, stiffness, sepsis and the negative impact on 

functional knee scores exist.(6,8–10) Therefore, some surgeons suggest that a through-knee approach 

should only be used if really necessary. 

 

Irrespective of the approach and nailing technique, the surgical goals should be aimed at achieving stability 

at the fracture site, preserving length, and restoring anatomical alignment and rotation to ensure the desired 

functional outcome. 

 

It is our course of action to utilise a retrograde approach in any case where the surgeon determines that it 

may be beneficial, including: 

 

• The multiple-injured patient where it is inconvenient  to use a traction table 

• Bilateral femur shaft fractures  

• Obese patients 

• Any case where the surgeon’s preference is the retrograde approach. 
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The primary aim of our study was to compare the outcome of RFN versus AFN, specifically comparing health-

related quality of life measures; the well-established EuroQol five-dimensional questionnaire (EQ-5D), and 

the disability rating index (DRI). The DRI is a patient-reported outcome measure developed by Salén et al. in 

1994. The EQ-5D is a popular generic, preference-based instrument which considers five dimensions of 

health. This including: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. 

We were particularly interested in the post-operative knee function of our two study groups (AFN and RFN) 

– that is, identifying and analysing specific categories from the patient-reported outcome scores (EQ-5D and 

DRI) that acted  as surrogates for the post-operative knee function.  

 

We also established some secondary aims that we regarded as being essential for comparison, namely the 

surgical time and the incidence of complications such as post-operative malalignment, delayed- or non-union, 

as well as infection documented at the post-operative follow-up visits.  

 

Patients and methods 

This study was a retrospective cohort study of a prospectively collected database (HOST 1 Study database, 

HREC number 590/2016.) The HOST study was a multi-centre, prospective case-cohort study of participants 

undergoing intramedullary nailing of their tibia and femurs for fracture fixation. The main objective of the study 

was to determine if HIV infection is a risk factor in the development of non-union or delayed bone union 

following a fracture. 

 

All the participants who had AFN or RFN intra-medullary nailing done for their femur fractures between 

September 2017 and December 2018 were included in our data collection. In the AFN group, there were 

125 participants and 71 in the RFN group. Participants who were lost to follow-up were excluded from our 

data collection. 

 

Recruited participants were followed up for a minimum of 12 months after their surgery to evaluate the effects 

of HIV on bone healing. Radiographs were performed post-operatively to determine the fracture classification, 

alignment and again at six weeks, at three, six, and nine months to assess union. 
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In the study, delayed union was defined as a fracture that had not healed at six months and a non-union as 

a fracture that had not healed at nine months. Clinically, a fracture was considered united if there was no 

associated pain with weight-bearing and range of motion of the affected limb with an accompanying return of 

function. 

 

The Radiological Union Score for Tibial fractures (RUST), a validated X-ray scoring system that has proven 

to be an accurate tool with consistently good interobserver and intraobserver reliability was used to asses for 

radiographic union on standard AP and lateral radiographs that was requested at the follow up visits. A RUST 

score of ≥ 9 was classified as united. 

 

‘Superficial surgical site infection (SSI)’ was defined using the Centre for Disease Control and Prevention 

(CDC) definition of a wound infection involving ‘only the skin and subcutaneous tissue of incision’ that 

occurs within 30 days of surgery (where day 1 = the procedure date). Deep surgical site infection was 

defined – using the CDC definition as one involving the tissues deep to the skin and subcutaneous tissue 

planes that occurs within 30 days of injury (closed reduction of fracture) or 90 days (open reduction of 

fracture) (where day 1 = the procedure date). Late implant infection was defined as any late wound 

breakdown (>30 days for closed reduction of fractures or >90 days for open reduction fractures), sinus 

formation or unexplained late pain with associated radiological changes consistent with peri-implant sepsis. 

 

We also included and analysed patient demographics; body mass index (BMI); human immunodeficiency 

virus (HIV) status; polytrauma patients with significant traumatic injuries on presentation with a total injury 

severity score (ISS) of greater than equal to 16 or two injuries that are greater or equal to 3 on the abbreviated 

injury scale (AIS) with the inclusion of physiological parameters based on the international consensus; the 

presence of two fractures on presentation; fracture characteristics and grading; mechanism of injury; 

additional surgery added, and whether the fracture had been surgically opened to aid in fracture reduction.   
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Descriptive statistics were used to describe the dataset. The cases (retrograde nails) were compared to the 

control group (anterograde nails). The distributions of data were reported using means, proportions and the 

appropriate distributional measures (standard deviations and interquartile ranges). The data was tabulated 

employing an Excel spreadsheet and a comparison was made between the two treatment groups and their 

characteristics (RFN & AFN). Statistical analysis was performed using the Fisher’s exact -  and the Chi-

square test to examine whether categorical variables were independent in influencing the tested statistic 

within the two groups; T-tests were used where the two groups' data parameters showed normal 

distribution, and the Mann-Whitney tests for non-parametric statistics. 

 

Results 

Insert table I here. 

A retrospective review of the HOST 1 Study database identified 227 patients who underwent intramedullary 

nailing of their femur fractures; 86 had an RFN, and 141 had an AFN performed. In the AFN group, 16 

patients, and 15 patients in the RFN group, were lost to follow-up and were excluded for the current study. 

A total of 196 patients were included in the study, comprising 125 in the AFN group and 71 in the RFN 

group.   

The median age of the participants was 30.0 years (Interquartile range [IQR] 25-40 years) and the majority 

of the participants were male, 156 (78.8%). Participants had a median body mass index (BMI) of 23.0 

kg/m2 (IQR: 20.1–26.4). With regard to the aforementioned demographics, no statistically significant 

difference was found between the two groups. 

 

None in either group demonstrated any statistically significant difference with 

 regards to the cause of injury, the femur fracture characteristics, left or right, open vs close and the Gustilo 

Andersen classification vs the Winquist & Hansen classification. This also including  whether or not the 

fracture was opened during surgery to aid in fracture reduction. 

 

In the RFN group, the average patient was frequently polytraumatized with an Injury Severity Index score 

(ISS) ≥16, RFN 41.1% and AFN 19.2% (p=0.00151); the patients in the RFN group had, more regularly, 

two fractures on presentation – RFN 38.4% and AFN 7.2% (p<0.001).  
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The patients in the RFN group more frequently undergone additional surgeries – (RFN 54.8% and AFN 

18.4% (p<0.001) – in combination with the orthopaedic procedure (intramedullary femoral nail) since such 

patients were often more severely injured. The above findings were statistically significant with regards to 

retrograde femur nails being the favoured treatment modality in the polytraumatized patient with two 

fractures.   

 

Health-related quality of life scores 

 Insert Figure 2 and 3 here. 

There were no statistically significant differences between the two groups in any of the health-related 

quality-of-life scores (Table II and III). Even the specific dimensions (EQ-5D) and physical activities (DRI) 

that we identified as surrogates for the assessment and comparison of post-operative knee function 

showed no statistically significant difference between the two groups. These surrogates being: running 

(p=0.589), outdoor walks (p=0.633), climbing stairs (p=0.195), participating in exercise/sports (p=0.668) 

and from the EQ5D, mobility (p=0.94) and pain/discomfort (p=0.367). 

 

Surgical time 

The mean surgical time (hours) in the RFN group was 2.23 (SD 0.698), and 2.08 (SD 0.667) in the AFN 

group (p=0.133). 

 

Infection 

Infection occurred in 2.5% of cases (5 of 198). In the RFN group, one case of early, deep surgical site 

infection (1.4%) and in the AFN group, four cases of early infection – two being superficial- and two being 

deep-surgical site infections (3.2%). There was no late-onset implant infection recorded between the two 

groups. With regards to infection – early and late, superficial and deep – postoperatively, there was no 

statistically significant difference between the RFN and AFN groups (p=0.65).  
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Union, delayed union and non-union 

In 187 out of 198 (94.4%) fractures united utilising the retrograde or anterograde intramedullary femoral-

nailing technique, 71 out of 73 (97.3%) united in the RFN group and 116 out of 125 (92.8%) united in the 

AFN group. In the RFN group, eight (11%), and in the AFN group 15 (12%), had delayed union at the 6/12-

month follow-up visit. Two (2.7%) patients in the RFN and nine (7.2%) in the AFN groups were clinically 

and radiographically (RUST score) evaluated as having a non-union at the 9/12-month follow-up visit.   

There was no statistically significant difference between the RFN and the AFN groups with regards to union 

(p=0.28), delayed union (p=1) and non-union (p=0.317) of the treated femur fractures post-operatively at 

the scheduled follow-up visits.  

 

Malalignment  

Malalignment was assessed on postoperatively taken radiographs (anteroposterior- and lateral x-rays) and 

was evaluated in the coronal and sagittal planes. Rotational malalignment and the presence of a fracture 

gap in millimetres (mm) were also assessed. Coronal malalignment was defined as being more than 5 

degrees angulated and sagittal alignment as more than 10 degrees angulated. There were four cases 

(3.2 %) that had malalignment in the coronal plane (p=0.65) in the AFN group and two cases (2.7 %) – one 

in the coronal plane and one being rotationally malaligned (p=0.37) – in the RFN group. With regards to 

post-operative alignment and the comparison of the two intramedullary nailing techniques, there was no 

statistically significant difference between the RFN and AFN groups. 
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Discussion 

Our primary aim was to compare health-related quality-of-life measures (EQ-5D and DRI) within the two 

study groups (AFN and RFN), and we specifically identified surrogate categories within these two patient-

reported measures that would reflect on post-operative knee function and pain. We did not find any 

difference between the two groups with regard to the EQ-5D health-related quality-of-life scores in any of 

the tested dimensions (mobility, self-care, usual activities, pain/discomfort and anxiety/depression). 

Comparing the 12 items in the disability rating index questionnaire by Salén et al.(11)  – intended to detect 

clinical changes in the patients’ disability and to screen for impairment from pain in the hip or knee joint  – 

there was no statistically significant difference between the two study groups.  

 

This is a controversial topic with conflicting reports regarding the incidence of knee pain and function 

postoperatively. Holmenshager et al.(12) reported that the incidence of knee pain after retrograde 

intramedullary nailing was 32%; this finding was echoed by Ricci et al. (3) who found that the frequency of 

knee pain was significantly higher in their retrograde group (36%) compared to the anterograde group (9%). 

Tornetta et al.(2) found that knee pain was commonly reported by the retrograde group in the period soon 

after surgery. This, however, resolved in most cases, usually after the return of quadriceps strength: at the 

time of union of the fracture, there was no difference in knee pain between the two groups. An interesting 

finding was also mentioned in both the studies by Njoroge et al.(6) and Darglar et al.(9) who found a 

negative correlation between age and knee functional outcome regardless of the method of nailing used. 

This is probably related to the onset of arthritis with advanced age and the lack of enthusiasm towards 

post-operative rehabilitation. In contrast, Ostrum et al.(13)  – in a prospective study of 100 consecutive 

femoral interlocking nails (54 retrograde and 46 anterograde)  – reported that knee pain and knee motion 

were equal in both groups of patients –98.1% of the RFN group had knee flexion more than 120 degrees 

compared to 97.8% in the AFN group. In the findings of Yu et al.(1) the retrograde nailing technique did not 

result in significantly higher knee complications compared to the anterograde group. The results showed 

that the outcomes with regard to knee pain, swelling, knee flexion and extension deficits were similar in 

both groups. In our study, the surrogate categories that we identified that represented post-operative knee 

function showed no statistically significant difference between the RFN and AFN groups – that is, in the 
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DRI, running, outdoor walks, climbing stairs, participating in exercise/sports, and the EQ-5D, mobility and 

pain/discomfort. 

 

With regard to the patient demographics, femur fracture characteristics and classification, the two groups 

(AFN and RFN) were evenly matched. The median age of the participants was 30.0 years, and the majority of 

the participants were male.  

 

One of the significant results in this study demonstrated that, in the RFN group, 41.4% were 

polytraumatized and that 38.4% of these patients had two fractures on presentation. The patients in the 

RFN group also more frequently required additional surgery 54.8% , owing to them being more severely 

injured. The above findings suggest that surgeons at our institution more often select the RFN approach in 

polytraumatized patients and patients undergoing multiple procedures. This concurred with the findings of 

the prospective randomised trial by Tornetta et al.(2), and of the retrospective study by Durigan et al.(10). 

These studies also recommended the use of retrograde intramedullary nailing in multiply injured patients 

with possible bilateral or ipsilateral injuries that needed simultaneous fixation, or fixation through a single 

through-knee surgical approach.      

 

 

In the review article by Ricci et al. (5), it is mentioned that surgical time was increased when a traction table 

was used during the anterograde intramedullary nailing of femur fractures. In our study, there was no 

significant difference between the groups in the mean surgical time – 2.23 hours (SD 0.698) in the RFN 

group, and 2.08 hours (SD 0.667) in the AFN group (p=0.133). The above finding in the AFN group, with a 

traction table assisted closed reduction, was not included in the surgical time in the AFN group.  

 

Infection rates, noted in a large series by Malik et al.(14) of femoral shaft fractures treated with 

intramedullary nails, were low, ranging from 1%–3.8%. Theoretically, there is an increased risk of infection 

(septic arthritis) following the retrograde insertion technique of intramedullary nails utilising an intra-articular 

entry point, which is not used during AFN of femur shaft fractures.  
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In the cohort of Durigan et al. (10), four cases of infection (3.1%) were documented, three  were septic  

arthritis of the knee, related to their retrograde intramedullary nail group and one  chronic osteomyelitis 

related to their anterograde intramedullary nail group. 

We observed in our study an infection rate of 2.5% (5 of 198): in the RFN group, one case of early, deep 

surgical site infection (1.4%) and, in the AFN group, four cases of early infection, two of which were 

superficial, and two deep surgical site infections (3.2%). Infection occurred at a low rate and was not 

affected by the insertion technique, or entry point, of the femoral nail within the RFN and AFN groups 

(p=0.65).  Even in the RFN cases that developed sepsis, the sepsis did not progress to septic arthritis of 

the knee. According to the review article by Ricci et al. (5) the rate of non-union after nailing of femoral 

shaft fractures, regardless of the starting point, is low  – usually <10 %. Tornetta et al. (2) documents in 

their prospective, randomized trial that equal rates of  time to union may be related to the reaming, and the 

improved mechanics obtained by over-reaming the canal in all cases, whether retrograde or anterograde.    

In the meta-analysis conducted by Zhang et al.(8) and in the retrospective study by Chan et al. (1), all 

fractures treated with reamed intramedullary nailing – and both nailing techniques  – resulted in high union 

rates. Our study produced similar results with a union rate of 94.4% (187 out of 198 fractures). In the RFN 

group 97.3 % united and in the AFN group 92.8 %. In the RFN group, eight (11%) and, in the AFN group,15 

(12%) had delayed union at the 6/12-month follow-up visit. Two (2.7%) patients in the RFN and nine (7.2%) 

in the AFN groups were clinically and radiographically (RUST score) evaluated as having a non-union at 

the 9/12-month follow-up visit. There was no statistically significant difference between the RFN and AFN 

groups with regards to union (p=0.28), delayed union (p=1) and non-union (p=0.317) of the treated femur 

fractures at the scheduled follow-up visits.  

Both nailing techniques provided satisfactory results with regard to alignment in the coronal, sagittal and 

axial planes that were assessed on standard anteroposterior and lateral x-rays taken postoperatively. Only 

four cases (3.2%) had malalignment in the coronal plane in the AFN group and two cases (2.7%) – one in 

the coronal plane and one with rotational malalignment in the RFN group – made both these intramedullary 

nailing techniques suitable for addressing various femoral shaft fractures. It is self-explanatory that specific 

fracture characteristics would also dictate and influence the surgical decision. 

Limitations of our study include its retrospective design and the sub analysis of data that was not powered. 

The latter contributing to the fact that data needs to be cautiously analysed and interpreted.  
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Both the study groups were also remarkably similar with regards to patient demographics  

(age and gender). 

Given these results, we propose that the surgical decision regarding insertion technique for IM nailing of 

different femoral shaft fractures should include the following relevant factors:  

• Body habitus / Body mass index of the patient 

• Associated injuries 

• Fracture characteristics 

• Patient positioning (considering the possibility of other surgical teams being involved 

simultaneously) 

• Surgeon familiarity with implants and surgical technique. 

 

Conclusion 

In the retrograde and anterograde femoral nail groups, similar outcomes were achieved with regards to 

disability and health-related quality-of-life scores. Surrogate categories that was identified in the health-

related quality-of-life measures to detect any difference in post operative knee function within the two 

groups, failed to do so. A well designed prospective multicenter study is however necessary that needs to 

include functional long term outcomes of the knee post operative following retrograde and anterograde 

intramedullary nailing. The study also utilising specific and directed knee scores to accurately assess 

patient knee function, range of motion, pain and satisfaction post operative.      

In certain circumstances the retrograde approach was the preferred surgical technique in our study. This 

was dependant on  the patients physiological state, the extent of the injuries according to the Injury severity 

score and whether the patient was to be involved in multiple surgical procedures.  

Infection was not more prevalent with the retrograde surgical approach as previously suggested. Infection 

fortunately occurred at a very low rate within both the two groups. Both nailing techniques achieved high 

union rates and adequate alignment that concurs with and supports current literature findings. 

With modern, meticulous surgical techniques and well-designed implants, good results can be obtained 

using either retrograde or anterograde approach (RFN or AFN) for various femoral shaft fractures with 

different demographics and fracture characteristics to evidently assist the surgeon in “removing the nail 

from the coffin”.  
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TABLES AND FIGURES  

Table I: Demographics (N=198) study participants, comparing the outcomes of RFN vs AFN 

Categories AFN RFN Total P.value 

  (N=125) (N=73) (N=198)   

Age (Years)         

  N 125 71 196 0,422 

  Mean (SD) 33.8 (12.2) 32.5 (10.2) 33.3 (11.5) T-test 

  Median (IQR) 
30.0 (25.0-
40.0) 

31.0 (25.0-
39.0) 

30.0 (25.0-
40.0)   

  Range 18.0-71.0 18.0-67.0 18.0-71.0   

  Missing 0 (0%) 2 (2.7%) 2 (1.0%)   

Gender         

  Female 23 (18.4%) 19 (26.0%) 42 (21.2%) 0,277 

  Male 102 (81.6%) 54 (74.0%) 156 (78.8%) Chi-Square 

Body Mass Index         

  N 110 60 170 0,0266 

  Mean (SD) 23.2 (4.71) 25.1 (5.54) 23.9 (5.08) T-test 

  Median (IQR) 
22.5 (19.8-
26.3) 

24.1 (21.5-
27.0) 

23.0 (20.1-
26.4)   

  Range 15.7-43.7 17.3-47.5 15.7-47.5   

  Missing 15 (12.0%) 13 (17.8%) 28 (14.1%)   

Body Mass Index 
Category         

  Underweight (<18.5) 16 (12.8%) 3 (4.1%) 19 (9.6%) 0,10703 

  Normal (18.5-25) 58 (46.4%) 32 (43.8%) 90 (45.5%) Chi-Square 

  Overweight (25-30) 28 (22.4%) 14 (19.2%) 42 (21.2%)   

  Obese (30-35) 7 (5.6%) 9 (12.3%) 16 (8.1%)   

  Extremely Obese (>35) 1 (0.8%) 2 (2.7%) 3 (1.5%)   

  Missing 15 (12.0%) 13 (17.8%) 28 (14.1%)   

HIV Status         

  Negative 105 (84.0%) 52 (71.2%) 157 (79.3%) 0,0503 

  Positive 20 (16.0%) 21 (28.8%) 41 (20.7%) Chi-Square 

2 Fractures on 
Presentation         

  No 116 (92.8%) 45 (61.6%) 161 (81.3%) <0.001 

  Yes 9 (7.2%) 28 (38.4%) 37 (18.7%) Chi-Square 

          

Fracture Side: Right/Left       

  Right 68 (54.4%) 43 (58.9%) 111 (56.1%) 0,64 

  Left 57 (45.6%) 30 (41.1%) 87 (43.9%) Chi-Square 

Cause of Injury         

  Low energy 12 (9.6%) 2 (2.7%) 14 (7.1%) 0,0884 

  High energy 9 (7.2%) 2 (2.7%) 11 (5.6%) Chi-Square 

  MVA (car,motorbike) 37 (29.6%) 33 (45.2%) 70 (35.4%)   

  MVA pedestrian 32 (25.6%) 15 (20.5%) 47 (23.7%)   

  GSW 31 (24.8%) 21 (28.8%) 52 (26.3%)   

  Sharp trauma 2 (1.6%) 0 (0%) 2 (1.0%)   
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  Blunt trauma 2 (1.6%) 0 (0%) 2 (1.0%)   

Fracture: Open/Close         

  Open 39 (31.2%) 26 (35.6%) 65 (32.8%) 0,63 

  Closed 86 (68.8%) 47 (64.4%) 133 (67.2%) Chi-Square 

Gustilo Andersen Classification       

  Type 1 33 (26.4%) 21 (28.8%) 54 (27.3%) 0,936778 

  Type 2 1 (0.8%) 1 (1.4%) 2 (1.0%) Chi-Square 

  Type 3A 3 (2.4%) 3 (4.1%) 6 (3.0%)   

  Type 3B 2 (1.6%) 1 (1.4%) 3 (1.5%)   

  Type 3C 0 (0%) 0 (0%) 0 (0%)   

  Missing 86 (68.8%) 47 (64.4%) 133 (67.2%)   

Winquist Hansen femur fracture classification     

  Type 1 39 (31.2%) 17 (23.3%) 56 (28.3%) 0,766 

  Type 2 24 (19.2%) 15 (20.5%) 39 (19.7%) Chi-Square 

  Type 3 30 (24.0%) 19 (26.0%) 49 (24.7%)   

  Type 4 9 (7.2%) 6 (8.2%) 15 (7.6%)   

  Missing 23 (18.4%) 16 (21.9%) 39 (19.7%)   

Polytrauma : Injury Severity score = 16       

  No 101 (80.8%) 43 (58.9%) 144 (72.7%) 0,00151 

  Yes 24 (19.2%) 30 (41.1%) 54 (27.3%) Chi-Square 

Surgery Added         

  No 102 (81.6%) 33 (45.2%) 135 (68.2%) <0.001 

  Yes 23 (18.4%) 40 (54.8%) 63 (31.8%) Chi-Square 
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Figure 1: EQ-5D Stacked Bar for the study participants in the AFN and RFN groups respectively 

 

 

 

 

 

 

 

 

 

 

Figure 2: DRI box plot for the study participants in the AFN and RFN groups respectively 



26 
 

References 

1.  Yu CK, Singh VA, Mariapan S, Chong STB. Antegrade versus retrograde locked intramedullary 

nailing for femoral fractures: Which is better? Eur J Trauma Emerg Surg. 2007;33(2):135–40.  

2.  Tornetta P, Tiburzi D. Antegrade or retrograde reamed femoral nailing. J Bone Jt Surg - Ser B. 

2000;82(5):652–4.  

3.  Ricci WM, Bellabarba C, Evanoff B, Herscovici D, DiPasquale T, Sanders R. Retrograde versus 

antegrade nailing of femoral shaft fractures. J Orthop Trauma. 2008;22(SUPPL. 3):161–9.  

4.  Kim JW, Oh CW, Oh JK, Park KH, Kim HJ, Kim TS, et al. Treatment of infra-isthmal femoral fracture 

with an intramedullary nail: Is retrograde nailing a better option than antegrade nailing? Arch Orthop 

Trauma Surg [Internet]. 2018;138(9):1241–7. Available from: http://dx.doi.org/10.1007/s00402-018-

2961-6 

5.  Ricci WM, Gallagher B, Haidukewych GJ. Intramedullary nailing of femoral shaft fractures: Current 

concepts. J Am Acad Orthop Surg. 2009;17(5):296–305.  

6.  An N, Hr M, Lk L. Functional Outcomes of the Knee after Retrograde and Antegrade Intramedullary 

Nailing for Femoral Shaft Fractures. Ann African Surg. 2013;10(2).  

7.  Davidson A, Houri SS, Cohen J, Feldman G, Mosheiff R, Liebergall M, et al. Initial definitive 

treatment of open femoral shaft fractures with retrograde nailing - is it safe? A retrospective analysis 

comparing antegrade to retrograde nailing. Injury [Internet]. 2022;53(3):1231–6. Available from: 

https://doi.org/10.1016/j.injury.2021.09.030 

8.  Zhang F, Zhu L, Li Y, Chen A. Retrograde versus antegrade intramedullary nailing for femoral 

fractures: A meta-analysis of randomized controlled trials. Curr Med Res Opin. 2015;31(10):1897–

902.  

9.  Daglar B, Gungor E, Delialioglu OM, Karakus D, Ersoz M, Tasbas BA, et al. Comparison of knee 

function after antegrade and retrograde intramedullary nailing for diaphyseal femoral fractures: 

Results of isokinetic evaluation. J Orthop Trauma. 2009;23(9):640–4.  

10.  Durigan JR, da Silva AC, Takata P, Zamboni C, Santili C, Mercadante MT. Antegrade x retrograde 

nailing in femoral fractures: A study on consolidation and infection. Acta Ortop Bras. 2019;27(6):313–

6.  

 



27 
 

11.  Salen BA, Erik E V., Nordemar R. The disability rating index: An instrument for the assessment of 

disability in clinical settings. J Clin Epidemiol. 1994;47(12):1423–35.  

12.  Holmenschlager F, Piatek S, Halm JP, Winckler S. Retrograde marknagelung von femurfrakturen mit 

dem langen nagel. Eine prospektive studie. Unfallchirurg. 2002;105(12):1100–8.  

13.  Ostrum RF, Agarwal A, Lakatos R, Poka A. Orthopaedic Trauma Association Edwin G. Bovill, Jr., 

M.D. Award: Prospective Comparison of Retrograde and Antegrade Femoral Intramedullary Nailing. 

J Orthop Trauma [Internet]. 2000;14(7). Available from: 

https://journals.lww.com/jorthotrauma/fulltext/2000/09000/orthopaedic_trauma_association_edwin_g

__bovill,.6.aspx 

14.  Malik MHA, Harwood P, Diggle P, Khan SA. Factors affecting rates of infection and nonunion in 

intramedullary nailing. J Bone Joint Surg Br. 2004 May;86(4):556–60.  

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 



28 
 

 

PART B: APPENDICES 

 

Data collection tables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



29 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



30 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



31 
 

 

SAOJ information and Instructions to authors 

• The article falls within the scope of the journal. 
• Methods, statistics, and other analyses are performed to a high technical standard and are 

described in sufficient detail. 
• Results reported have not been published elsewhere. 
• Conclusions are presented appropriately fashion and are supported by the data. 
• The article is presented in an intelligible fashion and is written in standard English (British usage). 
• The research meets all applicable ethical standards. 
• The article adheres to guidelines provided in the instructions for authors section. 

Guidelines for authorship 

• Each author should participate and is responsible for the content and design of the study, the 
preparation of the manuscript and its revisions, and final approval. 

• In order to qualify for authorship, authors should satisfy all four the criteria for authorship as 
specified by the ICMJE: 

1. Substantial contributions to the conception or design of the work; or the acquisition, 
analysis, or interpretation of data for the work; AND 

2. Drafting the work or revising it critically for important intellectual content; AND 
3. Final approval of the version to be published; AND 
4. Agreement to be accountable for all aspects of the work in ensuring that questions related 

to the accuracy or integrity of any part of the work are appropriately investigated and 
resolved. 

• Other ‘contributors’ or ‘collaborators’ can be acknowledged at the end of the manuscript together 
with their contribution. Those whose contributions do not justify authorship may be acknowledged 
individually or together as a group under a single heading (e.g., “Clinical Investigators” or 
“Participating Investigators”), and their contributions should be specified (e.g., “served as 
scientific advisors,” “critically reviewed the study proposal,” “collected data,” “provided and cared 
for study patients”, “participated in writing or technical editing of the manuscript”. 

• The South African Orthopaedic Journal accepts a maximum of 8 authors per article. If there are 
more than eight authors, the first eight authors must be listed along with the group name at the 
end. The remaining authors and their affiliations must then be listed in an appendix. 

• On submission of your article, the ORCID (Open Researcher and Contributor ID) identifier of at 
least the corresponding author will be required. ORCID provides a persistent digital identifier that 
distinguishes you from every other researcher and supports automated linkages between you and 
your professional activities, ensuring that your work is recognised. To register and find more 
information, please visit: http://orcid.org 

Registration of clinical trials 

• A clinical trial is defined as any research study that prospectively assigns human participants or 
groups of humans to one or more health-related interventions to evaluate the effects of health 
outcomes. Interventions include drugs, surgical procedures, devices, behavioural treatments, 
dietary interventions, and process-of-care changes. 

• Clinical trials should be registered in a public trials registry in accordance with International 
Committee of Medical Journal Editors 

• Trials must be registered and approved by the relevant authorities before the onset of patient 
enrolment. 

http://orcid.org/
http://www.icmje.org/
http://www.icmje.org/


32 
 

• The Medicines Control Council (MCC) reference number and the SA National Clinical Trial Register 
(SANCTR) registration number should be included at the end of the abstract of the article. 

• Purely observational studies (those in which the assignment of the medical intervention is not at 
the discretion of the investigator) do not require registration. 

Reporting guidelines 

• All articles should be prepared in accordance with the guidelines relevant to the study design, as 
described in the Equator Network Guidelines (https://www.equator-network.org/reporting-
guidelines/) 

• Randomised trials should be accompanied by a flow diagram that illustrates the progress of 
patients through the trial, including recruitment, enrolment, randomisation, withdrawal and 
completion, and a detailed description of the randomisation procedure. 

Reporting of statistics 
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appropriate indicators of measurement error or uncertainty (such as confidence intervals). Avoid 
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• Note: Generally, for descriptive purposes, percentages are reported as whole numbers except 
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• At least for the primary outcomes, report a measure of precision (a confidence interval). 
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include more figures if considered critical to the clarity and completeness of the submission.
• Do not submit any figures, photos, tables, or other works that have been previously copyrighted or
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understandable without the main text.
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• Identify any previously published material by giving the original source in the form of a reference
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• Footnotes to tables should be indicated by superscript lower-case letters and included beneath the
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• We accept a maximum of eight tables.
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• Do not submit any figures, photos, tables or other works that have been previously copyrighted or

contain proprietary data unless you have obtained and can supply written permission from the
copyright holder to use that content.
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material. 

• Permissions have been secured for copyrighted material. 
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Institutional Review Board (IRB) ethical approval must have been given if the study involves human 
subjects or animals. Please provide the approval number. IRB documentation should be available upon 
request. 

‘Prior to the commencement of the study ethical approval was obtained from the following ethical review 
board: Provide name and reference number’ 

• For studies with human subjects include the following: 

‘All procedures were in accordance with the ethical standards of the responsible committee on human 
experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008.’ 

‘Informed written consent was or was not obtained from all patients for being included in the study.’ 

‘Consent was obtained from patients for the use of clinical photographs and these images were 
adequately anonymized’ 

• For studies with animals, include the following sentence: 

‘All institutional and national guidelines for the care and use of laboratory animals were followed.’ 

• For articles that do not contain studies with human or animal subjects: 

‘This article does not contain any studies with human or animal subjects.’ 

• If doubt exists whether the research was conducted in accordance with the Helsinki Declaration, 
the authors must explain the rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of the study. If any identifying information 
about patients is included in the article, the following sentence should also be included: Additional 
informed consent was obtained from all patients for which identifying information is included in 
this article. The Helsinki Declaration 2008 can be found 
at http://www.wma.net/en/30publications/10policies/b3/ 
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ethics committee, this information should be provided in the title page. 

Abstract 

• A structured abstract (maximum of 350 words) summarising the most important points in the 
article is required. 

• The abstract consists of four paragraphs with the subheadings: 
o Background (must include the aim of the study) 
o Patients and methods 
o Results 
o Conclusion 

• References should be avoided. Avoid uncommon abbreviations. If essential, they must be defined 
at their first mention in the abstract itself. 
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Keywords 

• Immediately after the abstract, provide a maximum of six keywords using standard searchable 
terms. These keywords will be used for indexing purposes. 

Level of evidence 

• Level 1 to 5. 
• Please follow the level of evidence guidelines provided by the Oxford Centre for Evidence-Based 

Medicine (OCEBM); version 2.1. 
• Available from: OCEBM Levels of Evidence Working Group. ‘The Oxford Levels of Evidence 

2’.Oxford Centre for Evidence-Based Medicine. http://www.cebm.net/index.aspx?o=5653 

Introduction 

• The introduction should contextualise the study by providing the background to the research; 
explain the problem that is to be addressed, and provide the rationale for the study. 

• Briefly outline the relevance of the study with respect to the current literature. Avoid a detailed 
literature survey or a summary of the results. 

• The last sentence should outline the research question or hypothesis. 

Patients (or Materials) and methods 

• State the methods, outcome measures, and selection criteria. The following aspects need to be 
described: 

o The study design and research methodology 
o Whether randomisation (with methods) was applied 
o If case-controlled, how the controls were selected 
o The time period under review 
o Number of patients/subjects under investigation and why this number was chosen 
o Inclusion and exclusion criteria 
o Case and outcome definitions 
o A description of the procedure or intervention, including post-operative protocol 
o The outcome measures or scores used 
o The minimum follow-up period 
o Statistical analysis paragraph. This should be included at the end of this section to detail 

statistical tests and package used, the reasons why these tests were used, and what p-
value was considered statistically significant. A power analysis is recommended for studies 
comparing two or more groups. 

• Provide sufficient detail so that another researcher can replicate the study. 
• The reader should understand from this description all potential sources of bias such as referral, 

diagnosis, exclusion, recall or treatment bias. This includes the manner in which investigators 
selected the patients. Consecutive inclusion implies all patients with a given diagnosis are 
included, while selective implies patients with a given diagnosis but selected according to certain 
explicit criteria (e.g., state of disease, choice of treatment). 

• Do not describe standard procedures for common operations. Only include new procedures or 
adaptations to standard procedures. 

• If you name any specific product,  it requires the manufacturer's name, city and state/country. 
• Present information in the narrative format and use the past tense. 
• Where relevant, tables or figures may be included to provide information more clearly. 
• Generally, no data should be presented in this section. 

http://www.cebm.net/index.aspx?o=5653
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Results 

• Describe the relevant results and analysis thereof. 
• Provide details of the number of patients included and excluded, as well as the reason for 

exclusion. 
• It is important to state the follow-up period (mean and range). 
• The results can be broken down into separate sections, e.g. Treatment, Functional outcome, 

Complications, etc. 
• Tables may be used but avoid repeating data reported in the text in the tables. 
• All appropriate data should be presented as means with ranges, not with standard deviations 

(SDs). Medians should only be used when the data is skewed, accompanied by an interquartile 
range (IQR). 

• Avoid using percentages in studies involving well under 100 subjects. 
• All results must be backed up with p-values or survivorship analysis. All Kaplan-Meier data should 

be presented with confidence intervals. Always present exact absolute p-values, whether 
significant or not, unless p<0.001. 

• However, P-values do not always convey the entire picture and where relevant, the confidence 
interval will also be required (in addition to the power of the study reported in the methods 
section). 

Discussion 

• The question or hypothesis stated at the end of the introduction should be discussed and either 
supported or rejected. 

• The results must be interpreted clearly, and any deficiencies expressed. All possible confounding 
factors, sources of bias or weaknesses in the study should be identified. 

• Explore the significance of the results of the work rather than repeating the results. 
• The discussion must point out the relevance of the work described in the paper and its 

contribution to current knowledge. 
• Explain what can be deduced from the results and how will it affect clinical practice. 
• Include a review of the relevant literature, placing the results of the study in the context of 

previous work in this area. 
• Discussion of relevant prior research and references must be concise. Avoid extensive citations 

and discussion of published literature emphasize previous findings that agree (or disagree) with 
those of the present study. 

• Do not repeat the introduction. 
• Present the limitations of the study and suggest how the study could have been improved for a 

future study. 
• Avoid making inferences from non-significant trends unless you believe your study is adequately 

powered to answer the question; in that case, provide a power analysis. 

Conclusion 

• Provide a summary statement that conveys the conclusions of the findings. 
• Do not draw conclusions not supported by the data obtained from the specific study presented. 

Ethics statement 

• For studies involving human subjects, please include an ethics statement as follows: ‘All 
procedures performed in studies involving human participants were in accordance with the ethical 
standards of the institutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.’ 
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• For animal studies, please include the following ethical statement: ‘All applicable international, 
national, and/or institutional guidelines for the care and use of animals were followed.’ 

• If the study did not involve human or animal subjects, state that: ‘This article does not contain any 
studies with human participants or animals performed by any of the authors.’ 

• Please also include an informed consent statement: ‘Informed consent was obtained from all 
individual participants included in the study.’ 

• Alternatively, for retrospective studies, please add the following sentence: ‘For this study formal 
consent was not required.’ 

• If identifying information about participants is available in the article, the following statement 
should be included: ‘Additional informed consent was obtained from all individual participants for 
whom identifying information is included in this article.’ 

Acknowledgements 

• Acknowledgements should be placed at the end of the discussion and before the references. 
• In this section, persons who were involved but did not earn authorship can be acknowledged. 
• Statements should be brief. A person can be thanked for assistance or comments. 
• Do not include contributions by editors or referees. 

Author contributions 

• Please state the contributions of each author 
• For example: ‘A.B contributed to the study conceptualisation, design, data analysis and manuscript 

preparation. C.D. contributed to data collection and manuscript preparation. E.F. contributed to ....’ 
• The types of contributions are: 

o Conceptualisation and design 
o Data collection or contribution 
o Data analysis 
o Manuscript preparation 
o Other contributions (please specify) 

References 

• Please refer to the section on Formatting of submissions. 

Tables and figures 

• Tables and figures should not be imbedded in the text file but should be submitted as separate 
individual files. Each table should be a separate file, entitled Table I, Figure 2, etc. 

• Each table and figure should be provided with a heading or legend. 
• Please refer to the ‘Formatting of submission’ section for further guidelines. 

Case reports 

In addition to the preceding guidelines the following applies: 

• The following headings need to be adhered to in the body of the manuscript: 
o Abstract 
o Keywords 
o Background 
o Case report 
o Discussion 
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o Conclusion 
o Ethics statement 
o References 

• Abstract: Minimum 250 words (350 maximum), using the following headings: 

o Background 
o Case report 
o Discussion 
o Conclusion 

• Statement of informed consent must be included in the ethics statement. 

Current Concepts Review Article (by invitation only) 

General Guidelines: 

• A narrative review will suffice (and systematic or scoping review not necessary) 
• A thorough literature review needs to be done prior to writing the manuscript to ensure that the 

author is well acquainted with the current concepts related to the topic (with emphasis on the 
most recent developments) 

• A balanced and unbiased view of the current clinical aspects of the topic. 
• Focus on clinical aspects like diagnosis and treatment. 
• Discuss controversies and state both sides of the argument. 
• Avoid extensive discussion of basic science (anatomy/physiology/pathology) aspects, except for 

some really novel and clinically relevant new developments in the field. 
• The topic may be adapted, but only with the permission of the Editor-in-Chief. 

Outline of Article: 

• Abstract = One paragraph, no headings, ≤350 words. 
• Introduction = Brief introduction to the topic 
• Contents = Please use headings (in bold) and sub-headings (in italics) to structure the manuscript 

in a reader-friendly manner 
• South African context = Discuss matters which may be particularly relevant or unique to the South 

African clinical setting. 
• Learning points = Make use of tables to summarize important learning points 
• Conclusion = Brief evidence-based conclusion and summary 
• Conflict of interest statement 
• References = As usual 
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