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ABSTRACT 
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Cephalomedullary Fixation Of Trochanteric Fractures Using The TFNA Implant 
Thesis 
Tampere University 
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May 2023 
 

Hip fracture is a significant factor affecting mortality and health-related quality of life of elderly patients. The 
vast majority of hip fractures require surgical intervention. Cephalomedullary nailing is a commonly used 
fixation method for pertrochanteric fractures. Previous studies on cephalomedullary nails mostly include nail 
types other than the more recently developed TFNA (TFN-Advanced Proximal Femoral Nailing System, 
DePuy Synthes). TFNA offers the option of using either a screw or a helical blade as the head element. The 
design of the blade is hypothesized to lower the risk of cutout because it compresses bone during insertion. 
Cutout is among the most common types of fracture healing complications associated with cephalomedullary 
nailing. Past studies have, however, suggested that the blade might on the contrary be associated with more 
complications (including cutout) compared to lag screws. The purpose of this study was to determine 
whether there is a significant difference in adverse outcomes, defined as cutout and nonunion, between 
methods of fixation using either helical blade or screw in treatment of pertrochanteric fractures with the TFNA 
implant. 
 
A retrospective cohort study was conducted based on data from the records of Tampere University Hospital, 
Finland. The data consisted of adult patients who had undergone surgical treatment for a femoral fracture in 
Tampere University Hospital between 2010–2020. Patients with pertrochanteric (or basal collum) fractures 
that had been treated using a TFNA cephalomedullary nail were hand-picked from the records. A total of 615 
patients treated using either a helical blade (n=172) or a screw (n=443) were included in the analysis. A 
statistical analysis was performed using cross-tabulation and Pearson’s chi-squared test to determine 
whether there is a significant difference between the prevalence of adverse outcomes between the two 
groups. 
 
The overall prevalence of complications (defined as cutout and nonunion) was 2.3% (n=14). There was a 
statistically significant difference in the prevalence of adverse outcomes between the two groups (p=0.002). 
Complications occurred in nine cases out of 172 (5.2%) in the group treated using a helical blade compared 
to five cases out of 443 (1.1%) in the group treated using a screw.  
 
The current study found the blade to be associated with more complications, defined as cutout and 
nonunion, compared to the screw. While the subject has been studied before, the results have been 
conflicting and a definitive consensus has yet to be reached, thus further research is still needed.   
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Lonkkamurtumilla on merkittävä vaikutus ikääntyneen väestön kuolleisuuteen ja terveyteen liittyvään 
elämänlaatuun. Suurin osa lonkkamurtumista hoidetaan kirurgisesti. Ydinnaulaus on yksi yleisimmin 
käytetyistä leikkaustekniikoista pertrokanteeristen murtumien hoidossa. TFNA (TFN-Advanced 
proksimaalisen reisiluun naulausjärjestelmä, DePuy Synthes) on yksi uudemmista naulatyypeistä, jonka 
käytöstä ei ole vielä yhtä runsaasti tutkimusnäyttöä kuin aiemmin markkinoille tulleista malleista. TFNA:n 
proksimaalisena kiinnitysosana voidaan käyttää joko ruuvia tai spiraaliterää. Spiraaliterän muotoilun on 
arveltu teoriassa vähentävän riskiä terän perforaatiolle reisiluun pään läpi (engl. cutout, ulosleikkaus), koska 
se pakkaa luuta tiiviimmäksi. Ruuvin tai spiraaliterän perforaatio reisiluun pään läpi lonkkaniveleen on yksi 
merkittävimmistä ydinnaulaukseen liittyvistä komplikaatioista. Aiemmat tutkimukset ovat kuitenkin antaneet 
viitteitä siitä, että spiraaliterän käyttö saattaisi päinvastoin olla yhteydessä lisääntyneisiin komplikaatioihin 
verrattuna perinteiseen ruuviin. Tämän tutkimuksen tavoitteena oli selvittää, onko spiraaliterän ja ruuvin 
välillä merkitsevää eroa komplikaatioissa (ulosleikkaus ja luutumattomuus) TFNA:lla hoidetuilla potilailla, 
joilla on pertrokanteerinen murtuma. 
 
Tutkimus toteutettiin retrospektiivisenä kohorttitutkimuksena, jossa hyödynnettiin Tampereen yliopistollisen 
sairaalan potilastietokannasta kerättyä aineistoa. Aineisto koostui Tampereen yliopistollisessa sairaalassa 
vuosina 2010–2020 lonkkamurtuman takia leikatuista potilaista. Tutkimukseen sisällytettiin TFNA:lla hoidetut 
potilaat, joilla oli pertrokanteerinen (tai reisiluun kaulan tyven) murtuma. Analyysia varten valikoitui 615 
potilasta, joiden murtuman hoidossa oli käytetty joko spiraaliterää (n=172) tai ruuvia (n=443). Tilastollisessa 
analyysissä käytettiin ristiintaulukointia ja khiin neliö -testiä.  
 
Komplikaatioiden (ulosleikkaus ja luutumattomuus) yleisyys koko aineistossa oli 2,3% (n=14). 
Komplikaatioiden yleisyydessä havaittiin olevan tilastollisesti merkitsevä ero spiraaliterällä ja ruuvilla 
hoidettujen välillä (p=0,002). Spiraaliterällä hoidetuista potilaista komplikaatioita esiintyi yhdeksällä 172:sta 
(5,2%) verrattuna ruuvilla hoidettuihin, joilla komplikaatioita esiintyi viidellä 443:sta (1,1%).  
 
Spiraaliterän havaittiin olevan yhteydessä määriteltyjen komplikaatioiden, ulosleikkauksen ja 
luutumattomuuden, lisääntymiseen verrattuna ruuviin. Vaikka aihetta on tutkittu aiemminkin, ovat tulokset 
olleet ristiriitaisia eikä yhtenäistä tieteellistä konsensusta olla saavutettu, joten lisää tutkimustietoa tarvitaan.  
 
 
Avainsanat: Lonkkamurtuma, pertrokanteerinen murtuma, ydinnaula, TFNA, ulosleikkaus, luutumattomuus 
 
Tämän julkaisun alkuperäisyys on tarkastettu Turnitin OriginalityCheck –ohjelmalla. 
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1 INTRODUCTION 

 

 

Hip fracture is a significant factor affecting mortality and health-related quality of life of elderly 

patients (1). The financial costs caused by hip fractures are also considerable, averaging 

approximately 30 000 € per patient for the first year after injury (2). Hip fractures can be 

categorized based on the anatomical location of the fracture. Fractures of the femoral neck are the 

most common (60%), followed by trochanteric fractures (30%) and subtrochanteric fractures (10%) 

(2). A total of 6 038 hip fractures were operated on in Finland in 2015 according to the National 

Hospital Discharge Register (Hilmo) (2). The vast majority of hip fractures require surgical 

intervention, and several different fixation methods such as Dynamic Hip Screw (DHS) and 

cephalomedullary nailing have been developed. In the case of pertrochanteric fractures, DHS and 

cephalomedullary nailing are the most common fixation methods. Although the incidence of hip 

fractures in the Finnish population has been in decline in the 2000s, it is expected to increase in 

the coming years along with the aging of the population (3).  

 

Among the most common types of fracture healing complications associated with 

cephalomedullary nailing is cutout, which is described as the femoral neck collapsing into varus 

position, causing the head element (screw or blade) to extrude from the femoral head (4). Other 

possible complications include nonunion, infection, further fractures, nail breakage and fracture site 

collapse (5). Previous studies on cephalomedullary nails mostly include nail types other than the 

more recently developed TFNA (TFN-Advanced Proximal Femoral Nailing System, DePuy 

Synthes) and the few studies using TFNA are mostly based on a relatively small number of 

patients (6-10). Considering that TFNA is in widespread use today, further research is required. 

TFNA offers the option of using either a screw or a helical blade as the head element. The idea 

behind the blade is that it compresses bone during insertion, allowing for sturdier implant 

anchorage and possibly lowering the risk of cutout (11). Past studies have suggested that the 

blade might on the contrary be associated with more complications (including cutout) compared to 

lag screws (12,13). One meta- analysis comparing blade and screw however found no difference in 

implant cutout rate (14). Another study comparing helical blade and lag screw found that the blade 

was associated with less collapse after adjusting for unstable fracture patterns (15).  

 

The aim of this study was to determine whether there is a significant difference in adverse 

outcomes, defined as cutout and nonunion, between methods of fixation using either helical blade 

or screw in treatment of pertrochanteric fractures with the TFNA implant.  
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2 MATERIALS AND METHODS 

 

 

2.1 Materials 

 

A retrospective cohort study was conducted based on data from the records of Tampere University 

Hospital. A research permission was granted by the hospital. Ethical committee approval is not 

needed in register studies by the Finnish research act. The collected data consisted of adult 

patients who had undergone surgical treatment for a femoral fracture in Tampere University 

Hospital between 2010–2020. The hospital database was searched using procedure codes NFJ54, 

NFJ62, NFJ64, NFJ84, NFJ99 and NFJ86 as well as NFB10, NFB30, NFB60 and NFB99. The 

initial data consisted of 2 397 patients in total. Patients that had been treated using a TFNA 

cephalomedullary nail (n=754) were selected. Of those 754 patients, those with pertrochanteric (or 

basal collum) fractures were selected based on ICD-10 diagnoses S72.0 & S72.1 and AO/OTA 

classifications 31-A1, 31-A2 and 31-A3 (n=616). One case was filtered out due to missing 

information regarding the type of head element used, leading to a total of 615 patients treated 

using either a helical blade (n=172) or a screw (n=443) in the fixation process. (Figure 1.)  

 

 

Figure 1. Flow chart of patient selection. 
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2.2 Methods 

 

Data was collected from hospital records by hand. The collected data included information 

regarding patient age, sex, height, weight, underlying conditions such as cardiovascular disease or 

diabetes, Charlson Comorbidity Index, smoking, anticoagulant use, previous hip fracture or hip 

replacement and living situation regarding living at home vs. at a facility. Date of injury, fracture 

type according to ICD-10 and AO/OTA classification, side of fracture and fracture energy were also 

recorded, as well as ASA classification, date of operation, type of cephalomedullary nail and head 

element used, information regarding reduction type (open vs. closed) and the use of wire, Clavien-

Dindo classification, death during follow-up and age at death. Possible complications that were 

recorded included infection, cutout, hematoma, breaking of the cephalomedullary nail, reoccurring 

fracture, cardiac event, sepsis, pneumonia, pyelonephritis, stroke, embolism, nonunion, malunion, 

screw backout, iatrogenic fracture, excessive screw length, continuous pain leading to removal of 

the cephalomedullary nail and distal migration of the nail. 

 

For the purpose of the current study, two possible adverse outcomes were identified: cutout and 

nonunion. Results are presented with numbers and percentages. A statistical analysis was 

performed using cross-tabulation and Pearson’s chi-squared test to determine whether there is a 

significant difference in the prevalence of adverse outcomes between the two groups. All statistical 

analyses were performed using IBM SPSS Statistics Version 29.0. Statistical significance was set 

at 0.05. 

 

  



    7 

3 RESULTS 

 

 

The average age of the study population was 81.6 years, ranging from 19.5 up to 101.5 years. The 

patients were majorly female (72.8%, n=448) with an average Body Mass Index (BMI) of 24.3 

kg/m2. Majority of the fractures were AO/OTA classification 31-A1 simple pertrochanteric fractures 

(83.1%, n=506). The vast majority were classified as low energy fractures (98.0%, n=603). (Table 

1.) 

 

The study population was divided into two groups on the basis of the type of head element used in 

the fixation process. Out of the 615 patients chosen for the study, 172 (28.0%) were treated using 

a helical blade and 443 (72.0%) using a screw. The average ages of the groups were 81.0 years 

and 81.8 years, respectively. Both groups consisted of mainly female patients with the blade group 

being 74.4% female (n=128) and the screw group being 72.2% female (n=320). Majority of the 

fractures in both groups consisted of simple pertrochanteric fractures (AO/OTA classification 31-

A1) which are generally considered to be stable. Multifragmentary pertrochanteric fractures 

(AO/OTA 31-A2) and intertrochanteric or reverse oblique fractures (AO/OTA 31-A3) are on the 

contrary typically considered unstable. There was a minor difference in the proportion of unstable 

fractures between the groups (21.6% in the blade group and 15.2% in the screw group), however 

the difference was not statistically significant (p=0.06). (Table 1.) 

 

Table 1. Patient characteristics with separation to helical blade and screw fixation and statistical significance of the 

difference between the two groups.  

 

All patients 

(n=615) 

Helical blade 

(n=172) 

Screw 

(n=443) 

P 

 

Age (years, mean±SD) 81.6±11.87 81.0±11.6 81.8±12.0 

 ≤50 years old (%) 15 (2.5%) 2 (1.2%) 13 (3.0%) 0.195 

Female (%) 448 (72.8%) 128 (74.4%) 320 (72.2%) 0.585 

BMI (kg/m2, mean±SD) 24.3±4.96 24.6±5.50 24.2±4.74 

 Fracture diagnosis (ICD-10)    0.230 

S72.0 Basal femoral neck 19 (3.1%) 3 (1.7%) 16 (3.6%)  

S72.1 Trochanteric area 596 (96.9%) 169 (98.3%) 427 (96.4%)  

Fracture type (AO/OTA classification)    0.145 

Simple pertrochanteric (31-A1) 506 (83.1%) 131 (78.4%) 375 (84.8%)  

Multifragmentary pertrochanteric (31-A2) 89 (14.6%) 32 (19.2%) 57 (12.9%)  

Intertrochanteric or reverse oblique (31-A3) 14 (2.3%) 4 (2.4%) 10 (2.3%)  

Unstable fractures (A2-A3) 103 (16.9%) 36 (21.6%) 67 (15.2%) 0.060 
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Level of trauma    0.534 

Low energy fractures 603 (98.0%) 168 (97.7%) 435 (98.2%)  

High energy fractures 11 (1.8%) 4 (2.3%) 7 (1.6%)  

ASA classification    0.942 

ASA 1 6 (1.0%) 1 (0.6%) 5 (1.1%)  

ASA 2 65 (10.6%) 18 (10.5%) 47 (10.6%)  

ASA 3 390 (63.6%) 109 (63.7%) 281 (63.6%)  

ASA 4 152 (24.8%) 43 (25.1%) 109 (24.7%)  

 

 

There were no major differences in the prevalence of pre-existing conditions between the groups 

apart from tumors and cancer being slightly more prevalent in the screw group (p=0.047) and 

osteoporosis having been previously diagnosed in more cases in the blade group (p=0.054). 

(Table 2.) 

 

Table 2. Characteristics of underlying diseases with separation to helical blade and screw fixation and statistical 

significance of the difference between the two groups. 

 

All patients (n=615) Helical blade (n=172) Screw (n=443) P 

Cardiovascular disease1 412 (67.0%) 114 (66.3%) 298 (67.3%) 0.815 

Neurological disorders2 269 (43.8%) 74 (43.0%) 195 (44.1%) 0.806 

Tumors and cancer 125 (20.4%) 26 (15.2%) 99 (22.4%) 0.047 

Connective tissue 

disorders 62 (10.1%) 21 (12.2%) 41 (9.3%) 0.279 

Psychotic disorders 27 (6.6%) 9 (7.9%) 18 (6.1%) 0.518 

Osteoporosis 69 (11.3%) 26 (15.2%) 43 (9.7%) 0.054 

COPD 40 (6.5%) 10 (5.8%) 30 (6.8%) 0.677 

Organ failure3 113 (18.4%) 34 (19.9%) 79 (17.8%) 0.557 

Diabetes 129 (21.0%) 36 (21.1%) 93 (21.0%) 0.987 

Smoking 65 (10.6%) 18 (10.5%) 47 (10.6%) 0.958 

Anticoagulant use 192 (31.2%) 60 (34.9%) 132 (29.8%) 0.222 

1 myocardial infarction, peripheral vascular disease, hypertension 

2 stroke, TIA, hemiparesis, dementia 

3 heart failure, liver failure, renal failure     
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The overall prevalence of complications (defined as cutout and nonunion) was 2.3% (n=14). There 

was a statistically significant difference in the prevalence of adverse outcomes between the two 

groups (p=0.002). Complications occurred in nine cases out of 172 (5.2%) in the group treated 

using a helical blade compared to five cases out of 443 (1.1%) in the group treated using a screw. 

Out of the two outcomes measured, there were seven cases of cutout in the blade group and four 

in the screw group along with two cases of nonunion in the blade group and one in the screw 

group. (Table 3.) 

 

A total of 36 patients (5.9%) died during the follow-up period. Mortality during follow-up was slightly 

higher in the screw group (6.3%) compared to the blade group (4.7%), but the result was 

statistically non-significant (p=0.695). (Table 3.) 

 

Open reductions were found to have been more common in the blade group (30.8%, n=53) in 

comparison to those operated utilizing the screw (19.9%, n=88). The result was statistically 

significant (p=0.004). (Table 3.) 

 

Table 3. Adverse outcomes, mortality and prevalence of open reductions with separation to helical blade and screw 

fixation and statistical significance of the difference between the two groups. 

 All patients 

(n=615) 

Helical blade 

(n=172) 

Screw  

(n=443) 

P 

Total complications 14 (2.3%) 9 (5.2%) 5 (1.1%) 0.002 

Cutout 11 (1.8%) 7 (4.1%) 4 (0.9%)  

Nonunion 3 (0.5%) 2 (1.2%) 1 (0.2%)  

Mortality during follow-up 36 (5.9%) 8 (4.7%) 28 (6.3%) 0.695 

Open reduction 141 (22.9%) 53 (30.8%) 88 (19.9%) 0.004 

 

 

Fracture stability was not found to have an effect on complication rates. Out of the 14 cases with 

complications, 11 (2.2%) were stable fractures and 1 (1.0%) was unstable. The result was not 

statistically significant (p=0.423). The complication rate was slightly higher among basal collum 

fractures (5.3%, n=1) compared to pertrochanteric fractures (2.2%, n=13), but the result was not 

statistically significant (p=0.375). (Table 4.) 
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Table 4. Fracture stability and ICD-10 diagnosis with separation to patients with and without complications and statistical 

significance of the difference between the two groups. 

 No complications (n=601) Complications (n=14) P 

Stability   0.423 

Stable 495 (97.8%) 11 (2.2%)  

Unstable 102 (99.0%) 1 (1.0%)  

Fracture diagnosis (ICD-10)   0.375 

S72.0 Femoral neck 18 (94.7%) 1 (5.3%)  

S72.1 Trochanteric area 583 (97.8%) 13 (2.2%)  
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4 DISCUSSION 

 

 

In the present study, patients with pertrochanteric fractures treated using TFNA with a helical blade 

as the proximal locking component were compared to those treated with a screw as the proximal 

locking component. Helical blade was found to be statistically significantly associated with more 

complications of cutout and nonunion. 

 

Open reductions were found to be more common among the blade group (p=0.004). Past studies 

have found irreducible fractures requiring an open reduction to be associated with a higher 

complication rate, which may affect the results of the current study (16). Unstable fractures were 

also more common in the blade group, but the result was not quite statistically significant (p=0.06). 

Unstable fractures could perhaps be more likely to lead to difficulties reaching acceptable reduction 

quality (17). Past studies have found poor fracture reduction quality to be associated with more 

complications (18). 

 

The sample included both high and low energy fractures and was not filtered according to patient 

age. Typical low energy fractures on older patients may have different characteristics compared to 

high energy fractures on younger patients. There were however very few younger patients (2.5%, 

n=15) and high energy fractures (1.8%, n=11) included. None of the complications occurred among 

the youngest of the patients (≤50 years old). One case of nonunion occurred among the 11 

patients with high energy fractures, a 59-year-old patient treated using a helical blade.  

 

There are relatively few studies comparing outcomes between screw and blade, especially those 

utilizing newer types of cephalomedullary nails, and the findings of existing studies are conflicting. 

There are a few fairly recent meta-analyses comparing blades and screws with differing results. Ng 

et al. and Huang et al. found no significant differences in failure rates between blade and screw 

(14, 19). Kim et al. however found there to be significantly more cases of mechanical failure 

associated with the blade (20). Kim et al. however made sure to distinguish cutout from cut-

through, and while they found cut-through to be more common in the blade group, they did not find 

there to be significant differences in the rates of cutout (20). It could be possible that the differing 

definitions of cutout and mechanical failure between different studies could be affecting the results.  

 

The strengths of this study include a fairly large set of data and a study population that is quite 

homogenous regarding age, gender and fracture type among other things. Other studies with a 

similar subject matter are often register-based studies where patients are selected by searching for 

specific diagnostic codes leading to readmission such as mechanical complication of the implant. 

This may lead to inaccuracies due to imprecise use of diagnostic codes. The current study 
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included all patients that had been operated on with the chosen implant type, with every case 

having been individually screened and assessed, including radiographic imaging. The current 

study is therefore able to provide a very accurate picture of the prevalence of the selected 

complications. Possible limitations include a fairly small number of patients with the two identified 

complications due to cutout and nonunion being quite rare despite being serious complications 

worth studying.  

 

Collecting evidence on which method of fixation might be associated with fewer adverse outcomes 

might assist surgeons in deciding on the best treatment options for their patients. The monetary 

costs of the differing methods should also be taken into consideration. Blade fixation is generally 

more expensive than screw fixation, and as such the decision to opt for the blade should ideally be 

backed by evidence that indicates that it has other advantages in comparison with less costly 

methods. There are also ethical aspects to consider, as using a method that carries more risks can 

contribute to severe pain and suffering for the patient.  

 

In conclusion, the current study found the blade to be associated with more complications, defined 

as cutout and nonunion, compared to the screw. While the subject has been studied before, the 

results have been conflicting and a definitive consensus has yet to be reached, thus further 

research is still needed.   
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