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ABSTRACT 

Hip fractures are among the most common operatively treated fractures, and 
virtually all hip fractures are treated operatively, due to the increase of 
mortality and the decrease of mobility that is associated with non-operative 
treatment. One-third to one-half of hip fractures are trochanteric fractures. 
Most patients are frail and elderly. These fractures lead to a significant 
increase in mortality, morbidity, loss of independence and mobility as well as 
notable costs for society. Intramedullary fixation has become the most popular 
treatment method for trochanteric fractures despite only poor to moderate 
supporting evidence. 

 
The first research question in this thesis is based on clinical observation at an 
outpatient facility. Many elderly patients visited the clinic for routine follow-
ups after trochanteric fracture surgery. These visits seemed to have little 
clinical significance, yet they inflicted substantial burden onto the patients. 
Post-operative complications are uncommon, causing uncertainty regarding 
the optimal treatment and risk factors. 

 
To address this issue, a single-centre retrospective analysis of 995 consecutive 
operatively treated trochanteric fractures with intramedullary fixation was 
conducted. All patients were followed up on via patient registers for a 
minimum of two years, and all appointments and operations related to the 
original fracture operations were recorded to find out rates of post-operative 
complications, their risk factors and the utility of routine post-operative 
follow-ups. 

 
In this study, we showed that routine post-operative follow-ups led to a change 
in treatment plan for only 0.9% of the patients. Our suggestion is to replace 
routine post-operative follow-ups with good instructions that specify in which 
situations patients should contact the hospital during the healing process. 

 
The total rate of surgical site infections was 2.8%, and the rate of deep surgical 
site infections was 1.5%. Compared to earlier reports, mortality did not 
increase amongst the patients with a post-operative infection. This supports 
the use of an implant-retaining treatment protocol. 

 
The safety of intramedullary fixation of trochanteric fractures by unattended 
residents was confirmed by the fact that there were fewer revision surgeries in 
the group operated by residents compared to that of consultants (5.5% vs. 
8.8%, p<0.05). There were no differences in length of surgery or mortality. 
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The rate of peri-implant fractures (PIF) was 1.4%. The rate of PIF was higher 
in the group treated with short or intermediate nails compared to that treated 
with long nails, but nail breakages in the long nail group negated this 
advantage. We suggest a treatment protocol for PIF using plate fixation or 
exchange nailing with a long nail depending on fracture morphology and 
whether or not the original fracture has healed.  
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TIIVISTELMÄ 

Lonkkamurtumat kuuluvat yleisimpiin operatiivisesti hoidettaviin murtumiin 
ja käytännössä kaikki lonkkamurtumat leikataan konservatiiviseen hoitoon 
liittyvän kohonneen kuolleisuuden ja heikentyneen liikuntakyvyn vuoksi. 
Kolmanneksesta puoleen lonkkamurtumista on sarvennoisten välisiä 
lonkkamurtumia. Useimmat lonkkamurtumapotilaat ovat vanhoja ja hauraita. 
Lonkkamurtumat johtavat huomattavasti kohonneeseen kuolleisuuteen, 
sairastavuuteen, omatoimisuuden ja liikuntakyvyn menetykseen sekä 
yhteiskunnallisiin kustannuksiin. Vaikka luotettava näyttö eri 
hoitovaihtoehtojen eroista puuttuu, ydinnaulaus on vakiintunut yleisimmäksi 
hoitovaihtoehdoksi sarvennoisten välisissä murtumissa. 

 
Ensimmäinen tutkimuskysymys nousi kliinisestä havainnosta 
poliklinikkatyössä: useat iäkkäät potilaat kävivät rutiininomaisilla 
seurantakäynneillä lonkkamurtumaleikkauksen jälkeen. Käyntien kliininen 
merkitys vaikutti vähäiseltä, mutta rasitus potilaille ja hoitojärjestelmälle oli 
merkittävä. Leikkauksen jälkeiset komplikaatiot ovat harvinaisia, mikä 
aiheuttaa epävarmuutta näiden komplikaatioiden riskitekijöistä ja 
optimaalisesta hoidosta. 
 
Näihin kysymyksiin vastataksemme, keräsimme aineiston 995 peräkkäisestä 
sarvennoisten välisen lonkkamurtuman ydinnaulauksesta Töölön sairaalassa 
vuosina 2011 - 2016. Jokaista potilasta seurattiin potilasasiakirjoista 
vähintään 2 vuoden ajan leikkauksesta. Kaikki vastaanottokäynnit ja 
leikkaussalitoimenpiteet liittyen lonkkamurtumaleikkaukseen selvitettiin 
leikkauksen jälkeisten komplikaatioiden yleisyyden, riskitekijöiden ja hoidon 
sekä rutiininomaisen seurannan hyödyllisyyden selvittämiseksi. 

 
Tutkimuksessa osoitimme, että ainoastaan 0.9 % potilaista seurantakäynnit 
johtavat hoitolinjan muutokseen. Ehdotamme rutiininomaisten 
seurantakäyntien korvaamista hyvillä ohjeilla siitä, minkälaisissa tilanteissa 
tulisi ottaa yhteyttä leikanneeseen yksikköön toipumisen selvittämiseksi. 

 
Leikkaukseen liittyviä infektioita oli 2.8 % potilaista ja syviä 
leikkaushaavainfektioita oli 1.5 % potilaista. Toisin kuin aiemmissa 
julkaisuissa, leikkaukseen liittynyt infektio ei lisännyt kuolleisuutta. Tämä 
tukee hoitolinjaa, jossa ydinnaula poistetaan vain muiden hoitojen 
epäonnistuessa. 

 
Erikoistuvien lääkäreiden ilman erikoislääkärin valvontaa leikkaamien 
potilaiden riski joutua uusintaleikkaukseen oli merkittävästi pienempi kuin 
erikoislääkärien leikkaamien (5.5 % vs 8.8 %, p < 0.05). Leikkausten kestossa 
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tai kuolleisuudessa ei ollut eroa ryhmien välillä. Tämä vahvistaa käsitystä siitä, 
että yliopistovaiheen erikoistuvat lääkärit voivat turvallisesti leikata näitä 
murtumia ilman välitöntä valvontaa ja ohjausta. 

 
Implantin viereisiä uusia murtumia ilmeni 1.4 % potilaista. Näitä murtumia 
tuli enemmän lyhyitä kuin pitkiä nauloja käyttäessä, mutta pitkien naulojen 
katkeamiset kumoavat tämän hyödyn. Suosittelemme hoitolinjaa, jossa nämä 
murtumat hoidetaan joko lukkolevyillä tai vaihtonaulauksella pidemmällä 
naulalla riippuen murtumamorfologiasta ja siitä, onko alkuperäinen murtuma 
luutunut. 
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1 INTRODUCTION 

Trochanteric hip fractures are defined as fractures centred below the 
intertrochanteric line and above the inferior border of the lesser trochanter.1 
The nomenclature for these types of injuries varies, and sometimes the terms 
pertrochanteric and intertrochanteric fractures are used.2 Trochanteric 
fractures make up one-third to one-half of all hip fractures, and the relative 
proportion increases with age. Most trochanteric fractures occur in elderly 
patients and are often caused by a fall from standing height. A minor 
proportion of trochanteric fractures are caused by high-energy trauma in 
younger patients.3-5 Even though age-adjusted incidence of hip fractures is 
declining, the total incidence is increasing as the population ages. In 2016, age-
adjusted incidence of hip fractures in Finland was 344 per 100 000 for women 
and 195 for men.6,7 Hip fractures are associated with high mortality: 30-day 
mortality has been estimated to be 5–10%, and one-year mortality 17–30%.8-

12 Hip fractures impose a significant risk to nursing home admission, a risk 
that steeply increases with age.13,14 
 
Intramedullary nailing has become the most popular treatment for 
trochanteric fractures, guided by recommendations such as those from the 
American Academy of Orthopaedic Surgeons (AAOS).15,16 Multiple Cochrane 
reviews have been conducted in the attempt to conclusively determine the best 
implant choice in trochanteric fractures, but there is still a lack of studies of 
sufficient quality, and results are conflicting.17-20 
 
Complications in hip fracture surgery can be divided into surgical and medical 
complications, of which the latter is more prevalent. Delirium is common, with 
reported incidences of up to 50%, and is associated with poorer outcomes.21,22 
Pneumonia, heart failure and anaemia requiring transfusions are also 
common after hip fracture surgery.23,24 Surgical site infections can increase 
mortality and prolong hospitalization.25,26 The most common mechanical 
complications after intramedullary nailing are blade cut-outs and peri-implant 
fractures.27,28  
 
Follow-up after fracture surgery is usually justified with the thought of 
ensuring normal healing and being able to act if problems arise. Most follow-
up protocols after fractures are not evidence-based but rather based on expert 
opinion and old orthopaedic traditions. These routines have been recently 
questioned regarding many types of fractures such as ankle fractures, wrist 
fractures and tibial physeal fractures in children.29-31 The critical review of all 
hospital routines is important in limiting burden on patients and unnecessary 
costs in the health care system.  
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Resident education is important for continuity of practice and developing 
future specialists. This process gradually increases independent decision 
making, which is crucial for residents. However, this must be balanced with 
maintaining safety for patients.32 To preserve safety in resident autonomy, 
treatment results should be monitored in teaching hospitals. Most studies 
assess the safety of resident involvement in operations rather than the risks 
involved in residents operating unattended.33-35 

 
The purpose of this thesis is to evaluate the rate, risk factors and treatment of 
complications in trochanteric fracture surgery and the role of routine follow-
ups in detecting these complications. The research for this purpose was carried 
out from 2019 to 2021 in the Helsinki University Hospital department of 
Orthopaedics and Traumatology and South Karelia Central Hospital 
department of Orthopaedics and Traumatology.  
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2 REVIEW OF THE LITERATURE 

2.1 SURGICAL ANATOMY 

The proximal femur consists of the femoral head, the neck, and the greater and 
lesser trochanters. The femoral neck connects medially to the head, the 
laterally superior part connects to the greater trochanter, and the inferior part 
to the lesser trochanter (Figure 1). The head and neck are at a 130º+/- 7º angle 
in relation to the femoral shaft. 

The greater trochanter is located on the anterolateral surface of the proximal 
point of the femoral shaft. The hip abductor muscles gluteus medius and 
gluteus minimus are attached to the greater trochanter. These muscles, 
together with the hip external rotators, cause the typical external rotation 
malposition of the distal fragment seen in unreduced fractures.  
 
The lesser trochanter is located inferior, medial, and posterior to the neck. The 
hip flexor muscle iliopsoas is attached to the lesser trochanter. When the lesser 
trochanter is attached to the proximal fracture fragment, the flexion 

Figure 1. Anterior view of the hip joint. (Reproduced after Gray’s Anatomy, Henry Gray and 
Henry Vandyke Carter, public domain) 
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malposition of the proximal fragment can be seen, and closed reduction is 
often difficult to achieve. 
 
Fracture lines are usually originated from the sites of least resistance between 
muscle and tendon attachments, where the bone is covered only with the 
periosteum.36 The abductor muscles tend to displace greater trochanter 
fragment cranially and medially, and this displacement has been associated 
with worse mobility scores compared to fractures without greater trochanter 
displacement.37 Muscle insertions of the proximal femur are shown in Figure 
2. 

The term calcar femorale can have two meanings, depending on the source. 
Anatomic calcar refers to a vertically oriented plate of dense cancellous bone 
in the posterior proximal femoral neck, whereas, in orthopaedic literature, 
calcar usually refers to the lowermost and thickest part of cortical bone in the 
medial wall of the femoral neck.38 
 

Figure 2. Illustration (left) and photograph (right) of the posteromedial proximal femur of 
a left hip looking anterolaterally at the footprint insertions on the medial surface of the 
greater trochanter and posterior proximal femur. (Reprint under Creative Commons Licence 
after Philippon MJ et al., Surgically Relevant Bony and Soft Tissue Anatomy of the Proximal 
Femur. Orthop J Sports Med. 2014 Jun 3;2(6):2325967114535188. doi: 10.1177/23259671 
14535188) 
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The femur articulates with the pelvis via the hip joint. The hip joint is a ball-
and-socket joint connecting the femoral head to the acetabulum. A strong 
capsule surrounds the hip joint. It originates from the rim of the acetabulum 
and transverse acetabular ligament, and attaches distally to the femoral neck 
anterior to the greater trochanter, posteriorly 1 to 1.5 cm proximal from the 
intertrochanteric crest. Trochanteric fractures are often referred to as 
extracapsular hip fractures in literature. 
 
The lateral trochanteric wall has been shown to be extremely important for the 
stability of trochanteric fractures. Gotfried raised the issue with a retrospective 
series of 24 patients with intraoperative lateral wall fractures from barrel 
drilling of the lag screw. In all patients, this led to the medialization of the 
femur and a prolonged healing time of the fracture.39 In a retrospective study 
of 168 patients by Palm et al., only 3% of patients with a post-operatively intact 
lateral wall had a reoperation, compared to 22% in the group where the lateral 
femoral wall was fractured (p<0.001). Seventy-four per cent of lateral wall 
fractures occurred intraoperatively.40 Other important factors for fracture 
stability are posteromedial comminution, subtrochanteric extension below the 
lesser trochanter and a reverse oblique fracture pattern.41 

2.1.1 CLASSIFICATION OF HIP FRACTURES 
 
ICD-10 (International Statistical Classification of Diseases and Related Health 
Problems, tenth edition) classifies proximal femoral fractures into three 
groups: S72.0 for a fracture of the neck of the femur (intracapsular fractures), 
S72.1 for trochanteric fractures and S72.2 for subtrochanteric fractures, which 
are together called extracapsular fractures (Figure 3).2 
 
Intracapsular fractures, or fractures of the neck of the femur are treated with 
either arthroplasty (hemiarthroplasty or total arthroplasty) or osteosynthesis, 
preferentially with either cannulated screws or a sliding hip screw. The main 
factors affecting the choice of treatment are age of the patient and degree of 
displacement in the fracture. The blood supply via the capsule is more likely to 
be compromised in displaced fractures, which increases complications after 
osteosynthesis. For younger patients, results of osteosynthesis are better and 
wearing prosthetic components is more likely problems due to a longer life 
expectancy and higher activity level.42 
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Trochanteric fractures are centred below the intertrochanteric line and above 
the inferior border of the lesser trochanter. More accurate classification and 
different treatment options are discussed in detail in later chapters. 
 
Subtrochanteric fractures are the least abundant class of hip fractures. 
Treatment of subtrochanteric fractures is challenging due to the mechanic 
instability of fracture fragments. Rates of mechanical failure have been 
reported to be as high as 35%.43 Subtrochanteric fractures are generally treated 
with intramedullary nails. Treatment with intramedullary fixation is 
associated with less mechanical complications compared to extramedullary 
fixation, but a reduction in mortality has not been proved.44 

2.1.2 CLASSIFICATION OF TROCHANTERIC HIP FRACTURES 
 
The most widely used system for classification of trochanteric fractures is AO 
(Arbeitsgemeinschaft für Osteosynthesefragen) classification (Figure 4).1 AO 
classification divides trochanteric fractures into three subgroups, which are 
then divided into three subtypes based on increasing complexity of fractures. 
The classification consists of the bone (3 for femur), the site of the bone (1 for 

Figure 3. Classification of hip fractures. (Reproduced after Yassin Mustafa M.D., Aysha Heib 
MPH, Prof. Dr. Bowirrat Abdalla M.D., Ph.D. The Orthopaedic Quandary of Hip fractures in 
patients with Alzheimer’s disease require appropriate Prevention Strategy. Merit Research 
Journal of Medicine and Medical Sciences. 2014; Vol. 2(1): 012-018 under Creative Commons 
Attribution License) 
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proximal end), the fracture type (A for trochanteric fractures) and the 
numbers for groups and subgroups: 
 

- 31-A1 simple pertrochanteric fracture 
- 31-A2 complex fracture with an incompetent (<20.5 mm) lateral wall  
- 31-A3 intertrochanteric fractures 

 

Jensen’s modification of the Evans classification (Figure 5) divides 
trochanteric fractures into five different groups based on increasing 
complexity and tendency towards mechanical failure.45 Group 1 consists of 
non-displaced two-part fractures, Group 2 of displaced two-part fractures, 
Group 3 of three-part fractures with a loss of posterolateral support due to a 
displaced greater trochanter fragment, Group 4 of three-part fractures with a 
loss of medial support due to a displaced minor trochanter or femoral arch 

Figure 4. AO classification of trochanteric fractures. (Source: AO Surgery Reference; 
Copyright: AO Foundation, Switzerland, reprint with permission of AO Foundation) 
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fragment, and Group 5 of four fragmentary fractures with a loss of both medial 
and lateral support. 

The concept of fracture stability is not a clear dichotomy between either stable 
or unstable fractures, but rather the classifications try to characterize the 
increasing instability class by class. 
 
All current classification systems have problems with reliability. In a study by 
Andersen et al. assessing the reliability of Jensen’s modification of the Evans 
classification, 50 randomly chosen radiographs were shown to six observers. 
The observers agreed on the classification for only 18% of the radiographs, and 
there was 57% agreement on fracture stability.46 
 
Pervez et al. compared Jensen’s modification to the AO classification with and 
without subgroups in a study where five observers classified 88 radiographs 
independently (interobserver) twice with a three-month interval 
(intraobserver). The best agreement was found regarding the AO classification 

Figure 5. Jensen’s modification of the Evans classification. (Reprinted from Injury, Volume 
33, Issue 8, Pervez H, Parker MJ, Pryor GA, Lutchman L, Chirodian, N, Classification of 
trochanteric fracture of the proximal femur: A study of the reliability of current systems., 
Pages 713-715, Copyright (2002), with permission from Elsevier) 
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without subgroups: kappa 0.71 for intraobserver variation and 0.62 for 
interobserver variation, which are considered good. For Jensen’s 
classification, intra- and interobserver variation was 0.52 (fair) and 0.34 
(poor), and for the AO classification with subgroups, the respective variation 
was 0.42 (fair) and 0.33 (poor). Pervez et al. therefore suggest classifying 
trochanteric fractures into three groups according to the AO classification: 
stable trochanteric (31-A1), unstable trochanteric (31-A2) and trans-
trochanteric (31-A3).47 
 
In a multinational study of 65 surgeons, Crijns et al. did not find any difference 
in reliability in the AO classification of trochanteric fractures based on 
surgeons’ experience. In fact, they found almost perfect reliability for the AO 
classification of fracture type (kappa 0.90), with a statistically significant 
decrease in every step towards increasing complexity of classification: type, 
stable vs. unstable, group, and subgroup, respectively.48 

2.2 RISK FACTORS AND HIP FRACTURE PREVENTION 

Identification of risk factors for hip fractures form the basis for fracture 
prevention and is also important for patient information. Commonly 
described risk factors for hip fracture include higher age, female sex, previous 
fractures, diabetes mellitus, rheumatoid arthritis, Parkinson’s disease, 
hyperthyroidism, history of stroke, low physical activity, cigarette smoking, 
heavy alcohol consumption, use of anxiolytic or hypnotic drugs, low 
bodyweight, low levels of vitamin D, osteoporosis and impaired vision.49-64  
Hip fracture risk factors differ between various populations, between men and 
women and between groups of different ages and activity levels. 
 
Frailty is a risk factor for hip fractures, and it is also associated with increased 
incidence of total complications, delirium, urinary tract infection, longer time 
in hospital and increased mortality after hip fracture surgery.65-68   Frailty can 
be defined as a multidimensional loss of reserves (energy, physical ability, 
cognition, health) that gives rise to vulnerability.69 The concept of frailty is 
useful, but its definition remains unclear since at least 5o different 
instruments have been described to assess frailty.70    
 
Since hip fractures are significantly associated with morbidity, mortality and 
health care costs, multiple programs aimed at preventing falls have been 
suggested. Agreement between different recommendations is highest in fall 
risk stratification, medication review, exercise programs and physiotherapy 
interventions, vision, footwear, and cardiovascular interventions. Many 
recommendations also consider vitamin D supplementation, addressing 
cognitive factors and education. Further, there are references to hip protectors 
and implementation of digital technology.71 
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2.3 STUDY DESIGN 

Evidence-based medicine can be defined as integrating individual clinical 
expertise with the best external evidence.72 Assessing the level of evidence is a 
challenge to both clinicians and researchers. The Grading of 
Recommendations Assessment, Development and Evaluation (GRADE) 
system is a tool for rating the quality of evidence and for grading the strength 
of recommendations for treatment guidelines. Meta-analyses and systematic 
reviews of randomized controlled trials are considered to render the strongest 
evidence, followed by randomized controlled trials, which are considered to 
yield strong evidence. Observational studies, such as cohort studies, are 
generally considered to result in low-quality evidence.73 The quality of the 
study and the size of the treatment effect should be taken into consideration 
when appraising the quality of evidence. This means that well-conducted 
observational studies with a clear treatment effect can be considered moderate 
or even strong evidence in certain circumstances.74 
 
The main problem with observational studies is the high risk of selection bias 
due to either observed or unobserved differences in patient characteristics 
between groups. These confounders can lead to bias in estimating the 
treatment effect, as differences in patient characteristics are related to the 
measured outcome.75,76 On the other hand, RCTs may suffer from low external 
validity, i.e., generalizability. Reasons for this could be that, due to the strict 
inclusion and exclusion criteria and low recruitment rate, patients in the study 
might represent only small proportion of patients with the same condition. 
Further, the experience levels of the physicians involved in the study as well as 
the quality of treatment might not be completely representative.77 
 
Observational studies have a distinctive value in testing the external validity 
of RCTs, the formulation of hypotheses for further testing, the identification 
of risk factors and the outcomes to study, helping to establish the appropriate 
sample size for an RCT and identification of patient subgroups that could 
potentially benefit from certain treatment.75,77 
 
In conclusion, to determine whether a treatment has a wanted effect in an ideal 
setting, an RCT should be conducted. The best evidence for answering such a 
question comes from a meta-analysis of multiple RCTs. Observational studies 
are valuable when dealing with large populations in representative settings. 
This type of research allows for rare complications, uncommon diseases and 
minor treatment effects to be studied, in scenarios where RCTs would be 
considered unethical, too difficult or too expensive. Observational studies can 
also provide insight into the clinical scenarios in which new therapies are 
delivered.78,79 
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2.4 EPIDEMIOLOGY 

There were 7,716 hip fractures in Finland in 2016. Although the incidence of 
hip fractures is declining, the number of cases is rising due to a growing elderly 
population. Age-adjusted incidences for hip fracture in 1997 in Finland were 
537.9 (per 100 000) and 344.1 in 2016 for women, and 256.5 in 1997 and 194.7 
in 2016 for men, respectively.6 Similar trends have been seen globally: in 
France, the rate of hip fractures increased by 5% in women and 22% in men 
from 2002 to 2013, while the incidence of hip fractures reduced by 14% in 
women and 1% in men.80 
 
Trochanteric femoral fractures account for approximately one-third to one-
half of all proximal femoral fractures.3-5 The percentage of proximal femoral 
fractures is increasing as the population ages, and the incidence of 
trochanteric fractures is especially rising among elderly women.3,4,7,81 Life 
expectancy is projected to increase around the world,82 which will also 
increase the percentage of unstable trochanteric fractures among all hip 
fractures.83 Older patients along with an increased amount of unstable 
fractures can be expected to raise the rate of treatment complications. 
 
A Finnish RCT comparing home-based exercise to regular care described one-
year total costs of healthcare and social service use to be 34,159 EUR in the 
intervention group and 31,848 EUR in the standard care group (non-
significant for the difference).84 According to data from Päijät-Häme Hospital 
in Finland, direct costs from operative care and hospital stay have been 
reported to be 7,481 EUR for the initial operation and 9,791 EUR for 
reoperations, with a  reoperation rate of 14.3%.85 This underlines the economic 
burden caused by reoperations. In an analysis of literature and Medicare 
claims, Gu et al. concluded that the societal benefit of hip fracture surgery 
outweighs the direct medical costs by 65,000 to 68,000 USD as the proportion 
requiring nursing home facilities is significantly lower compared to 
conservative treatment.86 An increase in the need for care in the conservative 
treatment group decreased the percentage of patients who regained mobility. 
The lifetime cost of a hip fracture was estimated to be 81,300 USD in 2003, 
and the loss of life expectancy was estimated to be 1.8 years.87  In a systematic 
review by Mohd-Tahir and Li, the economic burden of hip fractures in Asian 
countries was found to be significant: on average, 18.95% (3.58–57.05%) of 
the annual GDP/capita. In about 40% of the studies, the cost was more than 
one-third of the annual GDP/capita.88  
 
Hip fractures lead to a significantly decreased quality of life (QoL).89 Higher 
QoL measurements before a fracture are associated with a greater reduction 
in QoL scores.90 QoL is measured with standardized, validated questionnaires 
like EQ-5D (EuroQol group’s 5-dimensional measure), with scoring areas such 
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as mobility, self-care, problems with usual activities, pain/discomfort and 
depression/anxiety.91 
 
In a population-based cohort study using participants in the Framingham 
Heart Study, a decrease in incidence of hip fractures was coincident with the 
reduction of smoking and heavy drinking. There was also a smaller decrease 
in the incidence of hip fractures among persons who had never smoked.92 

2.5 CEPHALOMEDULLARY NAILING 

2.5.1 NAIL TYPES 
 

Currently cephalomedullary nails used in treatment of trochanteric fractures 
are mainly third generation, and fourth generation nails will be entering the 
market in the near future. Examples of these fourth-generation nails are 
Proximal Femoral Nail Antirotation (PFNA, DePuy Synthes, Figure 6), TFNA 
(TFN-ADVANCED® Proximal Femoral Nailing System, DePuy Synthes), 
Gamma3 (Stryker), TRIGEN™ INTERTAN™ (Smith&Nephew). The main 
differences between nails are in their proximal locking options; blade for 
PFNA, blade or lag screw for TFNA, lag screw for Gamma3 and interlocking 
lag and compression screws for TRIGEN INTERTAN. 
 

 

Figure 6. A PFNA cephalomedullary nail. (Reprinted with permission from Depuy Synthes, 
from PFNA Surgical technique manual) 
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Ender nails are pre-bent elastic nails inserted in a retrograde fashion from the 
femoral condyle to the neck of the femur. They were popular in the treatment 
of trochanteric fractures from the 1960s to the 1980s. The advantages of Ender 
nails were easy insertion far from the fracture site and relatively fast 
mobilization of patients. Ender nails grew unpopular due to fracture collapses 
and nail protrusion from the insertion site, and also with the introduction of 
superior implants such as the sliding hip screw and gamma nails.93,94 

 
Gamma nails were developed in the 1980s and introduced into clinical use in 
1988. Their development was based on Zickel nails introduced 20 years earlier 
to treat pathological subtrochanteric fractures.95 Concerns have been raised 
about fractures at the tip of gamma nails, but these problems have decreased 
in occurrence as newer generations of nails have been developed.96 
 
Helical blade design is based on superior stability to lag screw design in 
biomechanic tests, but the clinical significance of such remains unclear. Some 
studies suggest more cut-out in constructs using helical blades compared to 
lag screws, with a predominance of medial cut-outs when using blades.97-99   

 
Lenich et al. compared the treatment results of second-generation nails (PFN) 
to that of third-generation nails (Gleitnagel, PFNA and TFN). In their study of 
375 patients, there were significantly fewer complications after treatment with 
third-generation nails, that with older models. The rate of post-operative 
complications was 14.0% for PFN, 7.0% for Gleitnagel, 2.5% for TFN and 5.7% 
for PFNA.100  
 
Bonnaire et al. compared Gamma 3 and PFNA, two third-generation nails, in 
a prospective observational study of 106 unstable trochanteric fractures. No 
statistically significant differences in mechanical complications were found, 
although they did observe rotation malalignment of the head-neck fragment 
in three patients with Gamma nails compared to none in the PFNA group. 
They concluded that both nails yield comparable results superior to those of 
older nail generations.101 

2.5.2 SURGICAL TECHNIQUE 
 
Surgical approach for intramedullary (IM) nailing of trochanteric fractures is 
safe and relatively easy. A straight lateral approach goes through the vastus 
lateralis and iliotibial band, which can be dissected in the direction of the 
fibres. 
 
Most trochanteric fractures can be reduced using closed methods with traction 
and internal rotation.102 Traction is usually delivered via a traction table 
(Figure 7), which allows reliable constant traction and holding of the position. 
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The uninjured leg is placed on a holder so it will not intervene with imaging, a 
wedge is inserted at the groin to keep the patient’s pelvis still, and the foot of 
the injured leg is usually attached to a traction shoe, which delivers the 
traction. However, studies comparing operations performed on a traction 
table to those using manual traction indicate that using manual traction in a 
lateral decubitus position can lead to reduced operative times with similar 
treatment results.103,104 Maintaining fracture reduction without a traction 
table is often more difficult, leading to an increased rate of open reductions.105 
Wang et al. describe an intraoperative femoral fracture reduction device for 
trochanteric fractures that is connected to a pin attached to the anterior 
superior iliac spine and a trans-condylar pin, which yielded shorter patient 
preparation times with similar operative times, fluoroscopy times and 
treatment results to when a traction table was used.106 

Quality of reduction is an important determinator for success in 
intramedullary fixation of trochanteric fractures. In a retrospective study of 
370 trochanteric fractures treated with 200 mm PFNA by Raghuraman et al., 
there were significant increases in the blade cut-out rate if reduction was 
insufficient: OR 10.1 in the univariate model and OR 16.4 in the multivariate 
model.107 In a retrospective study of 193 patients by Hoffman et al., varus 
reduction (neck-shaft angle <125º) was associated with an increased rate of 
fixation failure, OR 4.3, compared to neutral or valgus reduction (neck-shaft 
angle ≥ 125º).108 
 
When sufficient reduction is not achieved with closed methods, open 
reduction is needed. A retrospective study on 212 AO 31-A1 and A2 fractures 

Figure 7. Traction table. (Reprinted with permission from Depuy Synthes, from PFNA 
Surgical technique manual) 



Review of the literature 

28 

by Sharma et al. divided the most common reasons for irreducibility into four 
categories:  
 

- proximal fragment locking under the shaft fragment 
- bisected lesser trochanter with a locked proximal fragment 
- posteromedial fragment entrapment at the fracture site 
- passive flexion of proximal fragment by the underlying lesser 

trochanter.109 
 

In a prospective study of 21o fractures treated with intramedullary nailing with 
PFNA, Diaz et al. found that more complex fracture types (Evans 4 and 5, AO 
31-A2.3, A3.2 and A3.3), a disruption of the lateral wall, posterior wall or 
calcar fracture, and malalignment in axial view were predictive of a need for 
open reduction.110 
 
These included a variant where the proximal fragment is locked underneath 
the shaft fragment (3 cases), a bisected lesser trochanter with a locked 
proximal fragment (3 cases), irreducibility due to an entrapped posteromedial 
fragment at the fracture site (6 cases) and a variant where the proximal 
fragment is flexed passively by the underlying lesser trochanter (12 cases). 
 
The need and mode of distal locking of the nail remains debated. Based on a 
systematic literature review, Buruian et al. suggest the following decision-
making algorithm: 
 

- no distal locking for stable fractures 
- dynamic locking for length stable, rotationally unstable fractures 
- static locking for unstable fractures.111 

 
The clinical relevance of such an algorithm is ambiguous, due to difficulties of 
fracture classification in clinical scenarios and different points of view on 
where the dividing line between stable and unstable fractures is in the 
continuum of fracture stability. 
 
Two recent meta-analyses on using locking screws for stable trochanteric 
fractures by Yan et al. and Li et al. both came to similar conclusions: distal 
locking increases operative time, bleeding, fluoroscopy time and thigh pain 
compared to unlocked nailing. Neither of the studies found differences in 
mortality, mechanic complications, infections, walking ability or Harris Hip 
Score (HHS).112,113 Locking screw holes have been seen to reduce the torsional 
load for peri-implant fractures, especially when the drill hole is started with an 
awl compared to a drill bit.114 In a retrospective study of 1,469 patients, Segal 
et al. report an incidence of 0.2% for life-threatening vascular injuries if distal 
locking screws were drilled.115 
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Cerclage wiring as an augmentation to intramedullary nailing seems to 
increase stability in biomechanic models,116 although the clinical significance 
of this remains unclear. In general, studies show longer operative times, 
increased bleeding and better reduction when using cable-assisted reduction. 
Effects on functional outcomes and reoperations are less clear, suggesting that 
cable-assisted reduction should be used when sufficient reduction is not 
achieved without it, but not routinely.117-119 
 
Whether or not a displaced lesser trochanter fragment should be reduced and 
fixed remains unsolved. In one biomechanic study, fixation of the lesser 
trochanter was found to increase the primary stability.120 A study of 20 
consecutive patients with lesser trochanter displacement of more than 20 mm 
after an intertrochanteric fracture found significantly more fatty degeneration 
of iliopsoas muscle, but hip flexion strength did not differ from the 
contralateral side with a 0° or 30° flexion.121 A retrospective review of 85 
patients by Liu et al. found no differences in the outcomes of patients with an 
intact or displaced lesser trochanter fragment in HHS nor incidence of post-
operative complications.122 In a study of 111 patients divided into three groups 
with either a lesser trochanter displacement of less than 10 mm or a lesser 
trochanter displacement of more than 10 mm left unattended or fixed 
operatively, Sun et al. found more hip pain in the group where the lesser 
trochanter had a displacement of more than 10 mm and was left unfixed, but 
there were no other significant differences.123 
 
In a meta-analysis of four studies with 1,276 fractures comparing the outcome 
of treatment of trochanteric fractures (AO-OTA 31-A1, A2 and A3, not 
including subtrochanteric fractures) with either a long or short 
cephalomedullary nail, there were no significant differences in the rates of 
reoperations or refractures. In operations with a short nail, there was 
significantly less blood loss (39 ml, p=0.0003) and shorter operative times (19 
min, p<0.0001). There were no significant differences in other complications 
such as hardware complications, problems with the fracture healing or 
mortality. In a cost-benefit analysis of US prices in 2016, treatment with a long 
nail was 2,208 USD more expensive than treatment with a short nail.124 

2.6 OTHER TREATMENT OPTIONS 

2.6.1 SLIDING HIP SCREW 
 

The sliding hip screw (SHS) consists of a lag screw inserted through the 
femoral neck to the head, which is connected to a side plate attached to the 
femoral diaphysis with screws (Figure 8). Sliding or compression occurs as the 
screw slides laterally through the plate allowing fracture compression.125 
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A Cochrane review from 2013 comparing the SHS to other extramedullary 
implants concludes that, due to increased fixation failure rates with plate 
constructions, the SHS remains the gold standard. The reviewers recognize, 
however, that all studies were methodologically flawed.126 
 

A modification to the technique has been suggested to improve treatment 
results when treating unstable fractures and to prevent femoral medialization 
that includes an additional attached trochanteric support plate (TSP), but the 
results supporting this are conflicting.127-129 

2.6.2 COMPARISON OF SHS AND IM NAILS 
 
The optimal surgical treatment for trochanteric fractures remains unsolved.17 
Traditionally, the sliding hip screw (SHS) has been the treatment of choice for 
stable trochanteric AO 31-A1 fractures.19,20,130 Solid evidence of superiority of 
one treatment method over another is lacking, but there is a clear trend 
towards an increased use of IM nails.15,131 The improvement of nail design has 
improved the results of intramedullary nailing.100,101 
 
A randomized controlled trial of 1,000 patients, of which 500 were treated 
with the dynamic hip screw (DHS, a sliding hip screw) and 500 with either 
Targon PF or Targon PFT IM-nails, found no differences in mortality or 
complications, but patients treated with nails tended to regain their mobility 
better.132  
 

Figure 8. Sliding hip screw (Dynamic Hip Screw). (Reprint with permission from Depuy 
Synthes, illustration from DHS Surgical technique manual) 
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The American Academy of Orthopaedic Surgeons’ (AAOS) evidence-based 
guideline on management of hip fractures in the elderly concludes that: 
 

- for stable intertrochanteric fractures, there is moderate evidence that 
both SHS and cephalomedullary nails can be used 

- for subtrochanteric or reverse obliquity fractures, there is strong 
evidence to back up the use of cephalomedullary nails 

- for unstable intertrochanteric fractures there is moderate evidence to 
support the use of cephalomedullary nails.16 

2.6.3 MEDOFF SLIDING PLATE 
 
The Medoff sliding plate (MSP) is a modification of the sliding hip screw, 
designed to allow biaxial compression. The MSP consists of a lag screw 
connected to a two-part side plate. The lag screw is connected to the central 
part of the plate, and the plate is laterally attached to the femur with four or 
six screws that converge 30° in relation to each other. The central part of the 
side plate can slide up to 25 mm in the direction of the femoral diaphysis.133  
 
A randomized multicentre study of 569 patients comparing the MSP to the 
DHS, the DHS with a trochanteric stabilizing plate (TSP), and the dynamic 
condylar screw (DCS) after the introduction of the MSP, found no statistically 
significant differences in treatment results or failures between methods. 
Noteworthily, in 14 of 18 fixation failures in the MSP group, the sliding 
mechanism was not properly used.134 
 
A multicentre randomized controlled trial (RCT) by McCormack et al. 
involving 153 AO 31-A2 fractures treated with either the MSP or DHS found 
no differences in reoperation rates (3/86 for the DHS group and 2/77 for the 
MSP group) or functional outcomes. Operative times were significantly longer 
in the MSP group (61.6 min vs. 50.1 min, p=0.01).135 
 
In a two-centre RCT by Ekström et al. involving 203 patients with either 
subtrochanteric or unstable trochanteric fractures comparing the PFN to the 
MSP, there were fewer reoperations in the MSP group, but patients in the PFN 
group achieved mobility sooner after surgery.136 

2.6.4 PERCUTANEOUS COMPRESSION PLATING 
 
Gotfried introduced the percutaneous compression plate (PCCP) in the year 
2000. PCCP consists of a plate that is slid through the vastus lateralis along 
the femoral shaft and two compression screws inserted via the plate and neck 
to the head of the femur (Figure 9). The telescopic neck screws are activated 
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intraoperatively to allow the compression of the fracture during the gait 
cycle.137 
 

As with other implants, results are better in the treatment of stable 
trochanteric fractures, compared to treatment of unstable ones.138 A limited 
amount of data from clinical studies suggests less bleeding and fewer 
transfusion requirements with the PCCP, but reports also indicate 
intraoperative problems, some of which prevented the use of PCCP in these 
cases.126,139,140 

2.6.5 ENDOPROTHESIS 
 
Due to fixation failures and loss of reduction related to fracture fixation, 
cemented hemiarthroplasty has been suggested for the treatment of unstable 
trochanteric fractures. Two recent meta-analyses came to conflicting 
conclusions on the superiority of hemiarthroplasty over IM nail fixation. 
 
A network meta-analysis by Hongku et al. of seven RCTs (n=528) comparing 
HA to DHS and PFN concluded that hemiarthroplasty leads to the lowest rate 
of reoperations without significant differences in hip function measured by 
HHS.141 
 

Figure 9. Percutaneous compression plate. (Reproduced with permission from Wolters 
Kluwer Health Inc. after Gotfried, JOT 2001, edition 14, issue 7) 
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A meta-analysis of three RCTs and four retrospective studies comparing HA to 
PFN by Kumar et al. reports significantly better HHS, lower mortality, less 
bleeding, shorter hospital stays and shorter operative times in the PFN group. 
There was no statistically significant difference in the number of 
reoperations.142 

2.6.6 CONSERVATIVE TREATMENT 
 
Conservative treatment is not generally considered an option when operative 
facilities are available, and the patient does not refuse consent for surgical 
treatment. There are only a handful of low-quality studies comparing 
outcomes of conservative treatment with traction to operative treatment. Most 
of them compare conservative treatment to operative treatments such as with 
Ender nails or osteotomies, which are no longer considered reasonable 
options. A conclusion of a Cochrane review of the subject is that conservative 
treatment is acceptable only when modern operative facilities are not 
available, but rehabilitation will be prolonged, and limb deformities are more 
likely after conservative treatment.143 

2.7 COMPLICATIONS 

Complications and adverse events are common after hip fracture surgery. 
Most of the complications can be classified as medical complications, such as 
delirium, pneumonia, venous thromboemboli, heart failure, electrolyte 
disturbances and anaemia.5,23,24 Adverse events can be defined as any 
untoward medical occurrences, which might or might not be directly related 
to the treatment given.144 The definition of serious adverse events varies 
between studies, often described as either events requiring hospitalization or 
life-threatening adverse events. Surgical complications are discussed in detail 
in the following subchapters. 

 
The incidence of postoperative delirium among elderly patients going through 
hip fracture surgery has been reported to be between 4% and 53%, making it 
one of the most significant complications of hip fracture surgery.21  
Known risk factors for postoperative delirium include higher age, male sex, 
higher ASA score, lower BMI, smoking, visual impairment, dementia, and 
need of transfusion.145-147 Postoperative delirium is associated with increased 
mortality, increased risk for cognitive impairment and dementia, prolonged 
hospitalization and poorer ADL (activities of daily living) function, difficulties 
in ambulation and increased likelihood of placement in a nursing home.22,148-

152 Treatment of post-operative delirium is based on addressing the underlying 
causes such as drugs, pain, infections, and metabolic disorders or fluid balance 
disorders, as well as maintaining behavioural control and supporting 



Review of the literature 

34 

functional needs. Environmental factors, communication and identifying and 
correcting sensory impairments (need for eyeglasses or hearing aid) is 
important in treating delirium. Medical treatment should be carefully 
considered, and one should be especially careful with the use of sedative or 
anxiolytic drugs. 153 
 
It is important to pay attention to the patient’s overall status after surgery. 
Hidden blood loss is calculated by extracting the visible blood loss during 
surgery from estimated total blood loss. Hidden blood loss is the biggest cause 
of haemoglobin level decrease and is usually not detected during the fracture 
surgery.154 It can occur during admission or surgery and can continue in the 
following days. Most hidden blood loss seems to occur before the surgery and 
is, thus, thought to be caused by the injury rather than the surgery.155 Hidden 
blood loss is greater with extracapsular hip fractures compared to 
intracapsular ones,156 and with unstable trochanteric fractures, hidden blood 
loss is greater than with stable trochanteric fractures.157 The total blood loss 
from a hip fracture and hip fracture surgery has been estimated to be 600–
1800 ml.154,155 Tranexamic acid administered during the surgery and five hours 
afterwards has been found to significantly reduce hidden, overt and total blood 
loss as well as the need for transfusions in two randomized clinical trials 
without increasing thromboembolic complications.158,159 
 
A meta-analysis by Arkley et al. concludes that intraoperative hypothermia is 
associated with increased mortality, rate of readmission and rate of surgical 
site infections after hip fracture surgery, stressing the importance of 
temperature control.160 

2.7.1 SURGICAL SITE INFECTION 
 
The rate of surgical site infection (SSI) after hip fracture surgery is 
documented to be 2.1%–6%.161-164 SSI is generally considered to be related to 
increased mortality and a longer hospital stay.25,26 Patients with a SSI have 
been shown to have longer periods of hospitalization and a greater risk of 
being discharged to residential care.165,166 The most commonly reported 
pathogen for this type of infection is Staphylococcus aureus, followed by 
polymicrobial infections.161,167,168 
 
The treatment algorithm is unclear for prosthetic joint infection (PJI) after 
fracture. The rate of eradication of PJI seems to be worse and the mortality 
higher for fracture patients compared to patients getting a PJI after elective 
hip arthroplasty. One possible explanation for this might be the higher age and 
frailty of fracture patients compared to patients undergoing elective total hip 
arthroplasty (THA).161,169 
 



 

35 

There is less data on the rate of SSI after intramedullary fixation of 
trochanteric fractures. Harris et al. report no deep infections in a study of 602 
patients.26 Contrarily, Partanen et al. reported 13 SSIs in 657 patients (2.0%) 
treated with gamma nails.25 

2.7.2 LOSS OF REDUCTION 
 

Tip-apex distance (TAD) measures the position and depth of a screw or blade 
in relation to the femoral head. It is defined as the sum of distances from the 
tip of the lag screw or blade to the apex of the femoral head, measured from 
the anteroposterior and lateral radiographs (Figure 10).170 A meta-analysis by 
Rubio-Avila et al. of 17 articles, which involved a total of 4,910 patients, 
concludes that the risk of screw/blade cut-out increases 12.71 times when 
comparing groups with a TAD >25 mm to groups with a TAD <25 mm. When 
comparing patients with a cut-out to those without, the mean difference in 
TAD was 6.54 mm. For helical blades, cut-out is less common than lag screws, 
but there is a similar relation to TAD and rate of cut-out.171 Poor quality of 
reduction, especially varus malalignment, is another important predictor for 
cut-out after intramedullary nailing of trochanteric fractures.172,173 
 

Femoral medialization, e.g., medial displacement of distal fragment in relation 
to the proximal fragment, is common in unstable fractures treated with SHS 
and is related to a highly increased risk of fixation failure.174 A randomized 

Figure 10. Tip-apex distance. (Reprinted with Permission from Wolters Kluwer Health Inc., 
after Baumgaertner et al. JBJS Am. 1995 Jul;77(7):1058-64) 
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controlled trial by Bretherton and Parker shows that patients treated with IM 
nails had a significantly lower risk of medialization than those treated with 
SHS. Risk for medialization increased as the complexity of fracture increased. 
Femoral medialization was associated with inferior functional outcomes and 
increased residual pain.175 

2.7.3 IMPLANT REMOVAL-RELATED COMPLICATIONS 
 

A review by Barquet et al. assessed the risk of femoral neck fractures after 
implant removal for healed fractures. The overall median incidence for 
femoral neck fractures after nail removal for discomfort was 14.5%, and most 
fractures presented without significant injuries as stress fractures.176 A case 
series and review by Driessen and Goessens found that incidence of femoral 
neck fractures after implant removal was at least 15%. Most of these fractures 
happened within three weeks of an implant removal.177 Based on these 
findings, implant removal of healed fractures should be considered with 
caution, and consideration should be given to partial or total implant exchange 
over implant removal. If implant removal is performed, strict partial weight-
bearing is advised. 

2.7.4 CONVERSION TO TOTAL HIP ARTHROPLASTY 
 

Trochanteric fractures initially treated with osteosynthesis might need 
conversion to total hip arthroplasty due to mechanic problems such as screw 
or blade cut-out, or fracture healing problems such as nonunion or avascular 
necrosis of the femoral head. Zeng et al. compared the results of conversion 
total hip arthroplasty after unsuccessful treatment of trochanteric fracture 
with PFNA and DHS in a retrospective cohort study with 142 patients and a 
minimum follow-up time of three years. Hip function measured with the 
Harris Hip Score was similar in both groups (85.3 ± 4.5 for PFNA group and 
84.5 ± 4.3 in DHS group), but in the conversion arthroplasty group after DHS 
fixation, there were significantly more complications (42.9% vs. 20.8%, 
p=0.003) and periprosthetic fractures (15.7% vs. 4.2%, p=0.021) than there 
were in conversion arthroplasty after PFNA fixation.178 

2.7.5 PERI-IMPLANT FRACTURES 
 
A meta-analysis by Norris et al. displays a pooled rate of 1.7% for peri-implant 
fractures (PIF) for different nails altogether based on 99 studies with a total of 
13,568 patients. In this meta-analysis, the researchers found more PIFs with 
older generation gamma nails compared to third generation gamma nails 
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(2.4% for first generation, 2.6% for second generation and 1.7% for third 
generation, p=0.03). When comparing third generation gamma nails to other 
third generation nails, there were more PIFs in patients treated with gamma 
nails than in patients treated with other third generation nails (1.7% vs. 0.7%, 
p=0.0005). The difference in the PIF rate between long and short 
cephalomedullary nails was insignificant.96 

 
In a retrospective series of 1,314 fractures by Müller et al., the rate of PIF for 
PFN was three times higher than for DHS (15/705, 2.1% vs. 3/597, 0.5%, 
p<0.0001; OR 3.7).179 In this study, neither the fracture type nor stability of 
the initial fracture were specified. Since DHS is generally used on stable 
fractures with a lower risk for mechanical complications, the clinical 
significance of the difference is questionable. 

 
There are a few suggestions for a classification system of peri-implant 
fractures. Chan et al. have suggested a non-prosthetic peri-implant fracture 
(NPPIF) classification, where fractures have been classified by the type of 
implant used (plate or nail), the location of the fracture (at the tip of the 
implant or distal to the implant) and by the healing of the fracture (healed 
fracture, unhealed fracture or failing fracture).180 Videla-Ces et al. suggest a 
classification based on AO-classification of fractures and the Vancouver 
classification of periprosthetic fractures, which gives precise information 
about the location of the fracture.181 Toro et al. suggest the “Vergilius 
classification system” for fractures around trochanteric nails. This 
classification divides fracture morphology into three groups: spiroid, 
transverse and oblique; the location into three groups: around the nail, around 
the distal locking screw, and distal from the tip of the nail; and fracture 
comminution into two-part, three-part and more-than-three-part fractures. 
Whether or not the original fracture has healed is also considered.182 None of 
these classifications have been validated for reliability so far, and their 
usefulness for decision making is unclear. 

2.7.6 VASCULAR INJURIES 
 
Vascular injuries caused by the trochanteric entry site of the IM nail are rare, 
and only three case reports have been published on the topic.183-185 All cases 
were diagnosed in the early post-operative days based on a decrease in 
haemoglobin levels and treated with selective angiographic embolization. The 
most common vascular injuries related to intramedullary fixation of 
trochanteric fractures are injuries to branches of the deep femoral artery 
located posteromedially to the femur (78%), which are related to drilling the 
distal locking screw. Following that are injuries to the superficial femoral 
artery and its branches (11%) and intrapelvic vascular injuries (8%), which 
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usually occur in the external iliac artery or its branches and are caused by 
penetration of the acetabulum by a guide wire or lag screw/blade.186  

2.8 MORTALITY 

Mortality rates vary across study populations due to different resources and 
demographics in study populations. Generally, 30-day mortality varies 
between 5% and 10% and one-year mortality ranges from 17% to 30%.8-12  
In Finnish data from hip fracture patients treated in Tampere University 
Hospital in 2017 and 2018, 30-day mortality was 7.6% and one-year mortality 
was 22.1%. In Päijät-Häme and Pohjois-Kymi Hospitals in 2015 and 2016, 30-
day mortality was 7.3% and one-year mortality was 19.2%, respectively.187,188 
Mortality has remained higher among patients with a hip fracture than among 
control subjects for at least 20 years.189 The Royal College of Physicians 
National Hip Fracture Database shows that, in England and Wales, 30-day 
mortality reduced from 10.9% in 2007 to 6.1% in 2018. This decrease has been 
interpreted to be due to improvements in the quality of care in hospital settings 
and acute post-operative rehabilitation, which includes shortened bed rest 
times and a faster return to weight-bearing.190 
 
Factors associated with increased mortality after hip fracture include male sex, 
older age, delay from diagnosis to surgery, residential status, and higher 
amount of comordities.8,190-192 Mortality associated with extracapsular 
fractures has been shown to be increased compared to intracapsular fractures, 
with a suggested RR of 1.20.81,193 
 
There are multiple register-based studies that demonstrate association 
between increased mortality and delay to surgery.194,195 However, in a recent 
RCT comparing accelerated surgery to standard care in hip fracture (HIP 
ATTACK), no difference was seen in 30-day mortality or total amount of 
complications when comparing ultra-early (median delay to surgery 6 hours 
from diagnosis) to standard care treatments (median delay to surgery 24 hours 
from diagnosis).196 The complexity of associated factors and their interactions 
between delay of surgery and mortality after hip fracture makes it difficult to 
draw definite conclusions of causality. Factors affecting both mortality and 
delay to surgery include the patient’s age, surgical fitness, comorbidities and 
hospital resources.197 
 
Hip fracture treatment must be administered with the goal of immediate full 
weight-bearing, since weight-bearing restrictions lead to increased 30-day 
mortality, delirium, infection, transfusion, and length of stay.198 
Comprehensive in-hospital geriatric assessment has been shown to decrease 
30-day mortality even from 12.0% to 8.5% and readmissions from 11.8% to 
6.2%.199,200 
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2.9 FOLLOW-UP AFTER FRACTURE SURGERY 

AO guidelines state that after an intramedullary fixation of a trochanteric 
fracture, follow-up visits with radiographs should be carried out at six-week 
intervals until fracture union has been achieved, and thereafter if necessary.102 
Routine follow-up visits and radiographs after many fracture types or 
surgeries have been questioned, due to the arguable cost-efficiency and 
justification for radiation caused by these routine radiographs. 
 
Kuorikoski and Söderlund reviewed follow-up visits and radiographs six weeks 
after internal fixation of proximal femoral fractures in a retrospective study of 
431 consecutive fractures. Only one visit led to a change in treatment plan, 
which was dynamization of a long PFNA by removing another distal locking 
screw.201 
 
Ovaska et al. reviewed the effect of early postoperative (<3 weeks) follow-up 
visits after operative treatment of ankle fractures in a retrospective study of 
878 consecutive patients. Based purely on radiographic findings, change in 
treatment protocol occurred only in three patients (0.3%). The researchers 
concluded that routine radiographs are not justified in early post-operative 
follow-ups, but that radiographs should be taken if there is special concern.29 
 
Ghattas et al. did a retrospective review of the first follow-up radiographs of 
200 fractures in 171 patients. The review consisted of diverse operatively 
treated fractures, from humeral fractures to ankle fractures. The review 
assessed the indication for the radiograph and whether a deviation from the 
original treatment plan was made because of the result. The researchers found 
that only 15 patients (7.5%) had an indication for radiography based on an 
abnormal clinical finding or additional trauma after surgery. Only three 
patients had a change in treatment plan, which was based on clinical, not 
radiological, findings. One patient had a change in radiograph compared to 
the original post-operative radiographs, but it did not lead to a change in 
treatment plan.202 
 
Schultz et al. compared the role of post-operative radiographs after surgical 
care of diverse upper and lower extremity fractures in patient satisfaction to 
that of their follow-up visit in a prospective study of 100 patients and found no 
differences in patient satisfaction between groups with or without routine 
radiographs taken.203 Further, in a randomized controlled trial by van Gerven 
et al., 246 patients were randomly allocated to either standard care with 
routine radiographs at six and twelve weeks after surgery or to an experimental 
group with radiographs taken on the basis of a clinical indication. They found 
no differences in PROMs measuring ankle function or QALYs. Imaging costs 
were slightly, but significantly, smaller in the experimental group, and there 
were no differences in other costs.204  
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In a multicentre randomized controlled trial of distal radius fractures, taking 
radiographs at six- and twelve-week follow-ups based on clinical findings was 
associated with similar functional results to those of routine follow-ups, and it 
was more cost-effective.30,205 Other procedures for which routine radiographic 
follow-up has been questioned include total hip arthroplasty,206 
hemiartrhroplasty for femoral neck fracture,207 physeal fractures of the distal 
tibia in children31 and intramedullary nailing of tibial shaft fractures.208 

2.10 SURGERY RESIDENT INVOLVEMENT 

To achieve competency in surgery, the complexity of surgeries that residents 
perform should gradually increase. During the research period, orthopaedic 
training in Finland was divided to three parts: nine months of primary health 
care, a minimum of two years and three months of junior residency and three 
years of senior residency. Junior resident training has generally been fulfilled 
in central hospitals, and it has included different surgical subspecialties, such 
as gastrointestinal and vascular surgery in addition to orthopaedic surgery. 
Senior residency has been performed in university hospitals and has generally 
directed only to orthopaedics and traumatology. As the training progresses, 
responsibility and independency increase, but there has not been a structured 
process for that. Medical specialty training in Finland is changing with the aim 
of being more transparent, competency-based and structured, but the process 
of surgical specialization is still somewhat unclear. 
 
All the while, to maintain ethical practices, patient outcomes must not suffer 
from surgical training.32 It seems that properly educated and supervised 
residents can perform different kinds of surgeries safely.  
 
The performance of supervised residents in total hip arthroplasty for a femoral 
neck fracture was compared to that of consultants in a retrospective cohort 
study of 87 patients with follow-up periods of six to twenty-nine months. There 
were no recorded dislocations, infections requiring reoperation, revisions or 
30-day mortality in either group. The radiological outcomes measured—mean 
acetabular component inclination, offset difference, leg length difference and 
Barrack grade of femoral cement mantle—did not have statistically significant 
differences.209 
 
A systematic review by Singh et al. comparing trainee- vs. consultant-
performed elective total hip arthroplasty found no significant differences in 
the rate of dislocation, deep infection or length of hospital stay between 
groups. The mean operative time was longer for trainees, and there was a 
statistically significant, clinically insignificant difference in the Harris Hip 
Scores (1.26 points higher for consultants) at one year.210 
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Lee et al. assessed the outcomes after the first metatarsophalangeal joint 
arthrodesis performed either by supervised orthopaedic trainees or 
consultants in a retrospective cohort study of 117 patients with a follow-up 
time of a minimum of one year. There were no statistically significant 
differences in the complication rate, fusion rate, or radiological measurements 
between groups. 33 
 
Resident involvement in arthroscopic surgery has been studied in large cohort 
studies concerning shoulder and knee arthroscopy. In a cohort study from the 
American College of Surgeons National Surgical Quality Improvement 
Program (ACS-NSQIP) registry involving 15,774 patients, the overall risk for 
adverse events was 1.09% in arthroscopic shoulder surgery in both the group 
with resident attendance and in the group without resident attendance. In a 
multivariate analysis, none of the risks for any individual or aggregate adverse 
event increased.211 In a propensity-matched cohort study of 2,954 knee 
arthroscopy cases from the ACS-NSQIP register, Khazi et al. found that the 
rate of complications did not increase in the resident attendance group. There 
was a statistically significant, but clinically insignificant, increase in operative 
time (69.8 vs 66.8 minutes, p=0.0002) and length of hospital stay (0.85 days 
vs 0.21 days, p=0.0332).35 
 
Edelstein et al. analysed the rates of complications after various orthopaedic 
procedures (THA, TKA, hip fracture surgery, arthroscopic meniscectomy, 
subacromial decompression, rotator cuff repair, anterior cruciate ligament 
reconstruction and total shoulder arthroplasty) in 30,628 patients, using data 
from the ACS-NSQIP. Resident involvement was associated with decreased 
rates of overall complications, medical complications and 30-day mortality.34 
 
In a register study from ACS-NSQIP of 13,685 cases of common foot and ankle 
surgical procedures, resident involvement was not associated with increased 
30-day medical complications, 30-day morbidity or 30-day surgical 
complications. It was noticed that residents were usually involved in medically 
more complex cases, i.e., patients with more severe comorbidities and thus 
more risk factors for complications.212 
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3 AIMS OF THE STUDY 

The overall aim of this study was to assess complications and factors affecting 
safety on intramedullary fixation of trochanteric femoral fractures. Included 
in this were four studies with the following aims: 
 

I. To study whether follow-up at an outpatient clinic after 
intramedullary fixation of trochanteric fractures leads to 
changes in the treatment plan 

 
II. To assess the rate and treatment of surgical site infections 

after intramedullary fixation of trochanteric fractures 
 

III. To study if senior residents can safely perform intramedullary 
fixation of trochanteric fractures without immediate 
consultant supervision 

 
IV. To assess the rate and treatment of peri-implant fractures 

after intramedullary fixation of trochanteric fractures. 
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4 PATIENTS AND METHODS 

4.1 PATIENT IDENTIFICATION AND DATA SOURCES 

Patients were treated at Helsinki University Töölö Hospital in Helsinki, 
Finland. A chart review was conducted on patients operated with 
intramedullary fixation for a trochanteric fracture during 2011–2016. The 
patient database Oberon (Logica ltd, Reading, UK) and operating room 
database OPERA (GE Healthcare, Chicago, IL, USA) were surveyed for ICD-
10 diagnosis S72.1 for trochanteric fractures and code NFJ54 for 
intramedullary fixation of trochanteric fractures. The data set was divided into 
two-year sets, and the basic information was gathered by LH, JK and HV. The 
data was coded and inspected by the first author (LH). The details of the 
operations and reoperations as well as information about the nail used and the 
operating surgeon was collected by LH. Radiographs from the patients 
needing a reoperation were evaluated by LH. A total of 995 patients were 
identified for studies I and II. For studies III and IV, nine patients were 
excluded because of missing data on operative details for analysis, leaving 986 
patients. None of the excluded patients had any complications of interest 
(reoperation for any reason or infection).  
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4.2 PATIENT CHARACTERISTICS 

As expected, patients were mostly elderly, with a mean age 80.5, and 
predominantly female (68.3 %). Most patients were of ASA class 3 (American 
Society of Anesthesiologists; physical status classification system) or higher. 
The precise demographics of the patient cohort is presented in Table 1. 

 
Table 1. Patient demographics. 

 
Characteristic 
 

Total 
(n=995) 

Age, mean (range) 80.5 (29-104) 
Female sex 680 (68.3%) 
ASA1 score, mean (range) 
     1 
     2 
     3 
     4 
     5  
     Not available 

3.23 
9 

62 
509 
264 

5 
146 

(1-5) 
(0.9%) 
(6.2%) 
(51.2%) 
(26.5%) 
(0.5%) 
(14.7%) 

CCI2 score, mean (range) 4.81 (0-12) 
     Congestive heart failure 
     Myocardial infarct 
     Peripheral vascular disease 
     Stroke or TIA 
     Hemiparesis 
     Dementia 
     Diabetes 
         Not complicated 
         Complicated 
     Liver failure 
         Mild 
         Moderate or severe 
     Connective tissue disease 
     Peptic ulcer disease 
     COPD 
     Tumour 
         Localized 
         Metastasized 
     Kidney Failure 
     Lymphoma 
     Leukaemia 
     AIDS 

116 
46 
40 

124 
25 

296 
168 
148 
20 
25 
17 

8 
22 
17 
70 

130 
116 
14 
25 

8 
5 
0 

(11.7%) 
(4.6%) 
(4.0%) 
(12.5%) 
(2.5%) 
(29.7%) 
(16.9%) 
(14.9%) 
(2.0%) 
(2.5%) 
(1.7%) 
(0.8%) 
(2.2%) 
(1.7%) 
(7.0%) 
(13.1%) 
(11.7%) 
(1.4%) 
(2.5%) 
(0.8%) 
(0.5%) 
(0.0%) 

Osteoporosis 123 (12.4%) 
Alcohol abuse3 74 (7.4%) 
Tobacco smoking4 100 (10.1%) 
Previous hip fracture 63 (6.3%) 
Anticoagulation 184 (18.5%) 

1. American Society of Anesthesiologists; physical status classification system. 
2. Charlson Comorbidity Index; Predicts 10-year survival considering comorbidities. 
3. Medical records describing excessive alcohol consumption, ICD diagnosis for F10.1-10.9, intoxicated during 

the ER visit (blood alcohol l >0.5‰) or an end organ damage due excessive alcohol consumption. 
4. Tobacco smoking at the time of the hip fracture. Previous history not recorded. 

 

4.3 STUDY DESIGN 

All studies (I–IV) were retrospective cohort studies. This design was chosen to 
evaluate the outcomes of current treatment and to assess the rate of rare 
complications. The main outcome for Study I was a deviation from the original 
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treatment plan during a planned visit to the outpatient clinic. The main 
outcome for Study II was a clinically diagnosed surgical site infection, which 
was further retrospectively classified as a deep and superficial infection as 
described in Section 4.4.3. Study III compared the reoperation rates and 
mortality of patients operated by senior surgical residents to those of patients 
operated by consultants or a consultant and resident together. These outcome 
measures were chosen over the radiographic quality of reduction or fixation 
since the authors felt that reoperations and mortality represent the safety 
aspect better than radiographic measurements. Study IV was designed to 
evaluate the rate of peri-implant fractures with different nail lengths and the 
current treatment protocol. 
 
The strategy for forming the register is described in Section 4.1. All chart notes 
from surgical specialties were evaluated. Appointments were coded according 
to whether they had led to a change in the treatment plan and, if so, for what 
reason. Reasons and outcomes of reoperations were classified. Radiographs 
were evaluated only for patients needing a reoperation, because of the low 
interobserver reliability of the classifications available. 

4.4 DEFINITIONS  

4.4.1 FOLLOW-UP 
 
Planned follow-up visits refer to appointments at an outpatient clinic, 
consisting of x-rays and a doctor’s appointment. These were booked either 
when the patient was discharged from the ward or at an earlier planned visit. 
Unplanned visits consisted of either emergency room visits due to concerns 
related to the operated fracture or appointments booked for the outpatient 
clinic due to a new referral from a primary care physician after the initial 
follow-up. 

4.4.2 SURGICAL TECHNIQUE 
 
All patients were operated according to AO principles.213 Operations were 
performed under spinal or general anaesthesia. Closed fracture reduction was 
maintained on a traction table, and to an open reduction was proceeded only 
if closed reduction was insufficient. The choice of short, intermediate or long 
IM nails was made according to the surgeons’ preferences. Fracture reduction 
and appropriate osteosynthesis were confirmed with intraoperative 
fluoroscopy.   
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4.4.3 SURGICAL SITE INFECTION 
 
A diagnosis of surgical site infection (SSI) was based on clinical findings 
examined by the treating physician. SSIs meeting the criteria of the consensus 
group on fracture-related infection (FRI) (Table 2)214  in the retrospective 
chart review were considered deep SSIs.  
 
 
Table 2. Diagnostic criteria for Fracture-Related Infection  
 
Confirmatory criteria (≥1 confirms diagnosis) 
1. Fistula or sinus tract 
2. Purulent drainage or pus 
3. Microbial growth in 2 deep tissue samples 
4. Histology: proof of pathogen and inflammation in peri-implant tissue 
Suggestive criteria 
Erythema 
Swelling 
Radiological signs 
 

4.4.4 SURGICAL DEBRIDÉMENT + ANTIBIOTIC TREATMENT 
 
In surgical debridément for FRI, both bacterial cultures and PCR samples 
were collected. Visible sinus tracts were excised. All visible pus was evacuated, 
and unviable tissue was surgically removed. Irrigation was done according to 
the surgeons’ preferences with saline using a pressure washer and/or 
hydrogen peroxide. For most cases, the wound was closed directly. In cases 
where direct closure was not possible, or if the surgeon preferred, a Negative-
Pressure Wound Therapy device was used. 
 
Antibiotic treatment was started empirically and later directed according to 
cultures after an infectious disease specialist consultation.  

4.4.5 SENIOR RESIDENT 
 
Senior residents were trainee surgeons with a minimum of three years of 
postgraduate education, who were in their final three years of residency before 
obtaining the degree of orthopaedic and trauma surgeon. Typically, each 
senior resident had performed 500–1000 surgical operations. 
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4.4.6 PERI-IMPLANT FRACTURE 
 
Peri-implant fracture (PIF) was defined as a new fracture to the previously 
operated ipsilateral femur, in a different place from the original fracture.  

4.4.7 LENGTH OF SURGERY 
 
Length of surgery was defined as the time from when the first intraoperative 
radiograph was taken during closed reduction to the application of wound 
dressings on closed operative wounds.  

4.5 STATISTICAL ANALYSIS 

Study I was a descriptive analysis; statistical analysis was not performed. For 
Study II, the differences in demographic and preoperative characteristics 
between the groups were tested using a chi-square test or student t-test when 
appropriate. For Study III, patient characteristics were presented as means 
and medians (+/-SD) for continuous data, and as the number of patients and 
associated percentages for the categorical parameters. Comparisons between 
independent groups were performed using a chi-square test for categorical 
variables and using the Mann-Whitney U test for quantitative parameters. For 
Study IV, the differences in demographic and preoperative characteristics 
between the groups were tested using a chi-square test or student t-test when 
appropriate. A p value <0.05 was used as the limit for statistical significance 
in all studies. For statistical analysis, the SPSS 25 program was used (IBM 
Corp. released 2017. Armonk, NY: IBM Corp). 

4.6 ETHICS 

All studies (I–IV) were retrospective cohort studies without interaction with 
patients. Helsinki University Hospital granted the research permit. Because of 
the retrospective nature of the study, an ethics board review was not necessary.  
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5 RESULTS 

In total, our study cohort consisted of 995 fractures in 973 patients (Table 1). 
The mean age of patients in the study group was 80.5 years, and the median 
age was 84 years (range 29–104). Sixty-eight percent of the study group were 
female. The mean time from emergency room to surgery was 2.19 days (range 
1–13 days). Mortality in the study group was 7.4% (74/995 fractures) in the 
first 30 days, and the one-year mortality rate was 25.5% (254/995 fractures). 

5.1 STUDY I: NEED FOR ROUTINE POST-OPERATIVE 
FOLLOW-UP 

Routine post-operative follow-ups included 526 patients (53%) attending a 
follow-up visit at an outpatient clinic six weeks post-operatively, 230 patients 
(23%) who were asked for a second planned outpatient clinic at 12 weeks and 
73 patients (7%) who attended a third visit. Most patients who did not attend 
follow-up visits in the outpatient clinic were radiographed in rehabilitation 
hospitals, and the radiographs were reviewed by a consulting orthopaedic 
surgeon. 
 
In total, for only nine (0.9%) patients did these follow-up visits led to a change 
of treatment plan. For five patients, the change occurred with the first follow-
up, for three patients with the second and for one patient at the third planned 
follow-up visit.  
 
Most complications were diagnosed during emergency department visits 
outside the planned follow-up protocol mostly before the first planned visit. 
Of 112 patients (11.3%) who contacted the emergency department due to 
problems with an operated fracture, 64 (6.4%) contacts led to a change in 
treatment plan. The reasons for deviation from the original treatment plans 
are presented in Table 3.  
 
The most common reason for a change in the treatment at a planned follow-
up visit was mechanical complication (n=6, 0.6%), and the most common 
reason for change at an unplanned visit was infection (n=28, 2.8%). 
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Table 3. Complications (n=73, 7% of patients) leading to a change in treatment protocol in 
the study population. 

 

(Reproduced with permission from Elsevier after Halonen et al.’s Routine follow-up is 
unnecessary after intramedullary fixation of trochanteric femoral fractures-Analysis of 995 
cases. Injury. 2020 Jun;51(6):1343-1345) 
 

5.2 STUDY II: INFECTIONS AFTER IM FIXATION OF 
TROCHANTERIC FRACTURES  

The rate of all clinically diagnosed surgical site infections was 2.8%, and the 
rate of deep surgical site infections fulfilling the FRI criteria was 1.5%. 
Statistically significant risk factors were cigarette smoking (RR 2.5, 95 % CI 
1.0 – 6.4, p<0.05) and prolonged operation time; the median operative time 
in the infection group was 97 min (range 40–245 min) compared to 71 min 
(19–232 min) in the group without infection (p<0.05). Patient characteristics 
and analysed risk factors are shown in detail in Table 4. 
 
Most of the infections presented in the early postoperative period, 25 of 28 
infections were diagnosed within four weeks from the initial operation. The 
median time from index operation to infection was 12.5 days (range 7–185 
days). 
 
  

Complication 
Change 

at planned 
visit 

Change at 
unplanned visit Total 

Infection - 28 28 
Pressure sore - 6 6 
Mechanical complications 6 15 21 
      Blade cut off 4 8 12 
      Blade migration 1 4 5 
      IMN breakage  3 3 
      Locking bolt loosening 1  1 
Re-fracture 1 14 15 
AVN 0 1 1 
Delayed union 2 0 2 
Total 9 64 73 
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Table 4. Basic patient characteristics. Numbers are quantity (%) unless otherwise specified. 
 

Characteristic 
 

Surgical site infection 
(n=28) 

No surgical site infection 
(n=967) 

p-value 

Age, mean (range) 79.1 (53-99) 80.6 (29-104) 0.522 
Female sex 21 (75.0%) 659 (68.1%) 0.443 
ASA1 score, mean (range) 
     1 
     2 
     3 
     4 
     5  
     Not available 

3.26 
0 
2 

13 
8 
0 
5 

 (2-4) 
(0 %) 
(7.1%) 
(46.4%) 
(28.6%) 
(0.0%) 
(17.9%) 

3.22 
9 

60 
496 
256 

5 
141 

(1-5) 
(0.9%) 
(6.2%) 
(51.3%) 
(26.5%) 
(0.5%) 
(14.6%) 

0.803 
0.609 
0.840 
0.612 
0.804 
0.703 
0.630 

CCI2 score, mean (range) 4.82 (2-10) 4.81 (0-12) 0.936 
     Congestive heart failure 
     Myocardial infarct 
     Peripheral vascular disease 
     Stroke or TIA 
     Hemiparesis 
     Dementia 
     Diabetes 
         Not complicated 
         Complicated 
     Liver failure 
         Mild 
         Moderate or severe 
     Connective tissue disease 
     Peptic ulcer disease 
     COPD 
     Tumour 
         Localized 
         Metastasized 
     Kidney Failure 
     Lymphoma 
     Leukaemia 
     AIDS 

4 
2 
1 
5 
1 
5 
4 
3 
1 
0 
0 
0 
0 
1 
4 
2 
1 
1 
2 
0 
0 
0 

(14.3%) 
(7.1%) 
(3.6%) 
(17.9%) 
(3.6%) 
(17.9%) 
(14.3%) 
(10.7%) 
(3.6%) 
(0.0%) 
(0.0%) 
(0.0%) 
(0.0%) 
(3.6%) 
(14.3%) 
(7.1%) 
(3.6%) 
(3.6%) 
(7.1%) 
(0.0%) 
(0.0%) 
(0.0%) 

112 
44 
39 

119 
24 

291 
164 
145 

19 
25 
17 

8 
22 
16 
66 

128 
115 

13 
23 

8 
5 
0 

(11.6%) 
(4.6%) 
(4.0%) 
(12.3%) 
(2.5%) 
(30.1%) 
(17.0%) 
(15.0%) 
(2.0%) 
(2.6%) 
(1.8%) 
(0.8%) 
(2.3%) 
(1.7%) 
(6.8%) 
(13.2%) 
(11.9%) 
(1.3%) 
(2.4%) 
(0.8%) 
(0.5%) 
(0.0%) 

0.661 
0.520 
0.903 
0.381 
0.717 
0.163 
0.710 
0.531 
0.551 
0.389 
0.480 
0.629 
0.420 
0.441 
0.128 
0.346 
0.177 
0.324 
0.113 
0.629 
0.703 
N/A 

Osteoporosis 6 (21.4%) 117 (12.1%) 0.140 
Alcohol abuse3 3 (10.7%) 71 (7.3%) 0.503 
Tobacco smoking4 6 (21.4%) 94 (9.7%) 0.042 
Previous hip fracture 0 (0.0%) 63 (6.5%) 0.163 
Anticoagulation 6 (21.4%) 178 (18.4%) 0.685 
Days from ER to surgery5, mean 
(range) 

2.14 (1-3) 2.19 (1-13) 0.829 

Length of stay6, mean (range) 8.00 (3-28) 7.20 (2-34) 0.157 
Exitus during follow-up 
     30 days 
     90 days 
     6 months 
     12 months 
     24 months   

 
1 
5 
5 
6 
7 

 
(3.6%) 
(17.9%) 
(17.9%) 
(21.4%) 
(25.0%) 

 
73 

132 
173 
248 
345 

 
(7.5%) 
(13.8%) 
(18.0%) 
(25.7%) 
(35.8%) 

 
0.430 
0.536 
0.986 
0.606 
0.240 

1. American Society of Anesthesiologists; physical status classification system. 
2. Charlson Comorbidity Index; Predicts 10-year survival considering comorbidities. 
3. Medical records describing excessive alcohol consumption, ICD diagnosis for F10.1-10.9, intoxicated during the ER visit 

(blood alcohol l >0.5‰) or an end organ damage due excessive alcohol consumption. 
4. Tobacco smoking at the time of the hip fracture. Previous history not recorded. 
5. Number of complete days between the ER visit and surgery. 
6. Number of complete days between the ER visit and the day of departure from our hospital ward. 

 
 
Thirteen of the infections (47%) were monomicrobial and fourteen (50%) were 
polymicrobial (Table 5). The most common pathogen was Staphylococcus 
aureus (S. aureus), which was found on cultures from 16 of the 28 patients 
(57%). Five patients (28%) had a positive blood bacterial culture (S. aureus 
n=2, Streptococcus betahemolyticus group G n=1, Enterobacter cloacae n=1, 
Escherichia coli n=1). There was only one MRSA (methisillin-resistent S. 
aureus) infection, which was resolved with four months of antibiotic therapy 
(intravenous vancomycin) without implant removal. 
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Table 5. Pathogens from microbial cultures.  
 
Infections treated (n) 28 
Surgical site bacterial culture positive 27 
Monomicrobial 13 
S. aureus 7 
S. epidermidis 1 
Strep. betahemolyticus 1 
Coagulase-neg Staph. 1 
E. coli 1 
Diphteroid 1 
Other 1 
Polymicrobial 14 
S. aureus 
S. epidermidis 

9 
6 

Ent. faecalis 
Prot. mirabilis 
Strep. betahemolyticus 

7 
2 
2 

Coagulase-neg Staph. 
Ent. faecium 
S. lugdunensis 
Bacillus cereus 
Granulicatella adiacens 
Diphteroid 
Pseudomonas aeruginosa 
Strep. pyogenes 

2 
2 
1 
1 
1 
1 
1 
1 

C. albicans 1 
Surgical site bacterial culture negative 1 
Blood culture positive for betahemolytic Strep G 1 

 
 
Cefuroxime was the most common empiric first line antibiotic (17 of 28 
patients). Permanent suppressive antibiotic therapy was used for three 
patients (cephalexin for two patients and amoxicillin for one patient). Median 
duration of non-permanent antibiotic treatment was 31 (range 7–122) days.  
 
Surgical debridéments were done to deep SSIs, whereas none of patients with 
a superficial SSI needed additional surgeries. The median rate of surgical 
debridéments for deep infections was 3 (range 1–6). Four patients had a 
partial implant exchange or removal done: distal locking screw removal for 
two patients due to sinus tract to the skin, exchange of collum blade that was 
too long for a shorter one for one patient and removal of a loosened additional 
fixation cable for one patient. None of the patients with an infection underwent 
a removal or exchange of the whole implant. 
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There was no need for additional surgeries due to problems of the fracture 
healing among the patients with a post-operative SSI. Time for bony union was 
not assessed since all fractures were not followed up until that. Mortality was 
not higher in the group with a diagnosed post-operative infection than in the 
group without (p>0.05 for the difference between groups). 

5.3 STUDY III: SAFETY OF SENIOR RESIDENTS 
OPERATING UNATTENDED 

A total of 987 operations were distributed between groups accordingly: 694 
(70%) were operated by senior residents unattended, 216 (22%) were operated 
by consultants and 77 (8%) by residents under consultant supervision. The 
median numbers of operations were ten per surgeon for residents and five for 
consultants during the research period. There were no differences in age, ASA, 
CCI, sex, length of stay or delay to surgery between patients in different groups 
(p>0.05). 
 
In the group operated by unattended residents, there were significantly fewer 
revision surgeries compared to the patient group operated by consultants 
(5.5% vs. 8.8%, p=0.04). Implant survival, defined as proportion without 
revision surgeries, was significantly better in the group operated by residents. 
 
There was no statistically significant difference regarding early revision 
surgeries, which were defined as revision surgeries within seven days of the 
initial operation, although there were four (0.6%) technical errors leading to 
revision surgery in the resident group: a blade outside the nail (n=1), a distal 
locking a screw outside the nail (n=1), malreduction (n=1) and an unobserved 
intraoperative fracture at the tip of the nail (n=1). There were no early revision 
surgeries due to technical errors in the consultant group. 
 
There was no statistically significant difference in the length of surgery 
between groups (p>0.05). In the resident group, the median length of surgery 
was 67 minutes, compared to 72 minutes in the consultant group and 69 
minutes in the resident and consultant group. 
 
There were no differences between groups in the numbers of infections, blade 
cut-outs, total mechanical complications or mortality (p>0.05). 
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5.4 STUDY IV: PERI-IMPLANT FRACTURES AFTER 
INTRAMEDULLARY FIXATION OF TROCHANTERIC 
FRACTURES 

The total rate of PIF was 1.4% (n=14) for all patients. The rate for short nails 
was 2.7% (n=2), 1.5% for intermediate-length nails (n=11) and 0.7% (n=1) for 
long nails. There were two intraoperative fractures at the tip of the nail when 
using short nails. These intraoperative fractures were treated by changing to a 
long nail. There were three nail breakages in the long nail group (2.1%) and no 
nail breakages in the short or intermediate-length nail groups. Nail breakages 
occurred at 164, 174 and 282 days from the initial fracture surgery, 
respectively. All nail breakages occurred in patients with non-consolidated 
AO-OTA 31-A3 intertrochanteric fractures. 

 
The median time to a PIF was 102 
(6–896) days after initial 
trochanteric fracture surgery, and 
the median age of patients with a 
PIF was 90 (61–105) years. Most 
peri-implant fractures occurred 
due to a fall from standing height 
or less (79%, n=11), and the rest 
(21%, n=3) were stress fractures 
occurring without significant 
injury. 
 
Treatment strategy for PIF varied 
between fixation with a locking 
plate (n=8, 57%, Figures 11 & 12b) 
and exchange nailing (n=6, 43%, 
Figure 12a). The treatment 
strategy was defined based on 
fracture morphology and whether 
or not the initial fracture had 
healed. All nail breakages (n=3) 
occurred after treatment with long 
nails and happened beside the hole 
for the blade (Figure 13). There 
were no nail breakages in patient 
groups treated with short or 
intermediate-length nails. Nail 
breakages were treated with 
exchange nailing and autogenic 
bone grafting from the iliac crest. 

Figure 11. Peri-implant fracture (PIF) 
treated with plating without nail 
removal. PIF of a long PFNA (upper 
pictures) and PIF of an intermediate-
length (240 mm) PFNA (lower pictures). 
(Material from: Halonen et al., AOTS 
2021, Oct 7. doi: 10.1007/s00402-021-
04193-4) 
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There were no additional surgeries for non-union or delayed union after initial 
surgery for PIF. There was one post-operative SSI after salvage treatment 
treated with a series of surgical debridéments and intravenous antibiotics. The 
mortality after PIF was 7% at 30 and 90 days, 29% at one year and 43% at two 
years. 
 
In our material of 995 fractures, the rate of femoral neck fractures after 
removal of either the whole nail or the blade was 22% (two femoral neck 
fractures for nine implant removals without implant exchange or 
endoprosthesis application, unpublished results). 
 

   

 

 

a 

b 

Figure 13. Peri-implant fracture treated 
with nail removal and a. exchange nailing to 
a long PFNA, and b. open reduction and 
internal fixation with a locking plate. 
(Material from: Halonen et al., AOTS 2021, 
Oct 7. doi: 10.1007/s00402-021-04193-4) 

Figure 12. Nail breakage of a long PFNA 
treated with exchange nailing and autogenic 
bone grafting from the iliac crest. (Material 
from: Halonen et al., AOTS 2021, Oct 7. doi: 
10.1007/s00402-021-04193-4) 



 

55 

6 DISCUSSION 

Even though trochanteric fractures are amongst the most common fracture 
treated operatively, we still lack knowledge about the optimal treatment and 
the allocation of resources in the treatment of these fractures. In this thesis, 
an observation of the current situation is presented, and models for 
recognition of complications and for treatment of complications are suggested. 
 
Most patients treated are elderly and frail, making surgical complications even 
more devastating. Knowledge of the risk factors and incidence of surgical 
complications and their treatment results is important so that health care 
resources can be allocated in ways that best benefit the patients. 
 
This thesis suggests that routine follow-ups after surgery are not helpful in 
detecting complications. Postoperative infections can be successfully treated 
without implant removal. Adequately trained senior residents can safely 
operate trochanteric fractures without immediate consultant supervision. For 
peri-implant fractures, plate osteosynthesis or exchange nailing can be used 
successfully according to fracture morphology and the healing status of 
original fracture. An implant should be chosen according to fracture 
morphology, and there is no need to favour long nails to prevent mechanic 
complications.   

6.1 THE ROLE OF ROUTINE POST-OPERATIVE 
FOLLOW-UP 

Based on this thesis, the role for routine post-operative follow-up visits is 
questionable. For 995 consecutively treated fractures, only nine (0.9%) 
routine post-operative visits led to a change in treatment protocol. Most 
complications presented through emergency department visits due to an acute 
concern. 
 
Routine follow-up protocols have been questioned for early post-operative 
radiologic follow-up of different fractures,202 specifically for ankle fractures,29 
and follow-up visits at six weeks for trochanteric fractures.201 For distal radius 
fractures, routine radiographs at six and twelve weeks did not improve PROMs 
compared to radiographs when needed.215  
 
Traditionally, all fractures have been followed up with radiographs until 
visible bony union. This is contradictory to the fact that, usually, only 
symptomatic non-unions lead to additional procedures. Reoperations after 
trochanteric fracture surgery are mostly done for patients with catastrophic 
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complications, of which most occur prior to the post-operative visit, in cases 
such as infection, or after the follow-up visit, in cases such as peri-implant 
fracture.  
 
According to the Finnish radiation law (9.11.2018/859, § 2), the justification 
principle in Section 5 and the optimizing principle in Section 6, the use of 
radiation is justified only if the benefit outweighs the hazards of radiation, and 
medical exposure is only necessary for obtaining the results of investigation. 
For clinicians, this could be translated as: all radiologic investigations should 
answer a question and possibly lead to a change in the treatment plan. For 
post-operative x-rays of elderly patients, this means that if the patient does not 
have symptoms, an x-ray will not lead to a reoperation, whereas x-rays are 
justified for finding out the reason for clinically observed problems. 
 
In a world of limited resources and continuously rising health care costs, it is 
important to weigh the benefit of procedures against their expenses. The price 
for one follow-up visit consists of imaging, a follow-up clinic cost and, for most 
patients, transportation expenses. With a condition as common as 
trochanteric hip fracture, these add up to substantial amounts of money, 
which could be used to increase the health of a population much more 
efficiently. In the study population, there were only nine outpatient clinic visits 
that resulted in a change in the treatment plan, and there were 820 visits that 
resulted in no change of treatment. 
 
Based on the findings of our study, we suggest replacing routine post-operative 
follow-up with good oral and written instructions for patients, their caregivers 
and rehabilitation facilities for when to contact the treating unit. If patients 
become mobilized to a preoperative level and are not suffering from significant 
hip pain, there is no reason for reoperations or adjustments in the treatment 
protocol, which means there is no reason for routine follow-up visits. After the 
publication of this study, we implemented a new treatment protocol in our 
centre without routine post-operative visits or radiographs after 
intramedullary fixation of trochanteric fractures. 

6.2 SURGICAL SITE INFECTIONS AFTER 
TROCHANTERIC FRACTURE SURGERY 

In our study, an implant retaining treatment protocol was not associated with 
increased mortality among patients with an infection. This underlines the 
importance of fracture stability in the treatment of postoperative infections, as 
also noted in the general treatment principles of the Fracture Related Infection 
consensus group.216 Implant exchange is a major operation, and for many 
fracture patterns, there are not real options for intramedullary fixation. 
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The rate of surgical site infections after intramedullary fixation of trochanteric 
fractures in our study was 2.8%, and the rate of deep infections fulfilling the 
FRI consensus group criteria214  was 1.5%. This is comparable to previously 
reported rates of 2.0%–6%.25,161,162,164 Additionally, compared to earlier 
reports,25,26,217 we did not find increased mortality among patients with 
surgical site infections compared to those without. This supports the rationale 
for implant-retaining treatment protocol. 
 
Whether early implant exchange would have led to a smaller amount of 
revision surgeries and shorter durations of treatment remains unclear. The 
decision between early implant exchange and implant-retaining treatment 
depends on the balance between fracture stability and reduction of microbial 
load, as most infections occur in the early post-operative period before the 
fracture has healed. 
 
Cigarette smoking and prolonged operative time were significantly associated 
with increased risk for post-operative infection. Prolonged operative time is a 
known risk factor for post-operative infections for many different fractures, 
but it can also be indicative of more complex fractures with extensive soft-
tissue damage, which can increase the risk for infection itself. 
 
Treatment of fracture-related infections in general is dependent on good 
multidisciplinary teamwork.216 Close communication with an infectious 
disease specialist is essential for optimizing antibiotic treatment. This is based 
on proper microbiologic examination, and there should be an in-house 
protocol to ensure that a sufficient quality and quantity of samples are taken 
at the correct time. Optimal timing and indications for surgical debridement 
of FRI after intramedullary nailing still remains somewhat unclear since these 
lead to a reduction of microbial load rather than eradication. Treatment of 
infections after intramedullary fixation of trochanteric fractures without 
implant removal was not associated with an increase in mortality or 
reoperations due to delayed, mal- or nonunion. 

6.3 SURGERY RESIDENT INVOLVEMENT 

We found that the number of complications did not increase if senior residents 
performed intramedullary fixation of trochanteric fractures without 
immediate supervision compared to operations performed by consultants or 
residents and consultants together. In the resident group, the reoperation rate 
was not higher than in the group operated by consultants.  
 
Also, length of surgery did not increase if residents performed these operations 
unattended. This suggests that residents have an adequate skill set for this 
kind of surgery. Besides the surgeon, the rest of the operation room team also 
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affects the length of surgery, as operation includes taking radiographs and 
other team efforts not directly managed by the surgeon.   
 
Gradually increasing responsibility and independence is a key part of surgical 
residence programs.218,219 Optimally, residents should be able to practice 
operations virtually before operating on real patients. When operating, 
consultant help and supervision should gradually decrease according to the 
growing competence of the resident. In an optimal environment, education 
conversations should be held before and after each operation to ensure a solid 
preoperative plan and to give effective feedback to enhance learning. When 
residents operate unattended, consultant help should always be readily 
available. 
 
These results are important for reassuring patients and administrators on the 
safety of senior residents operating unattended. While the education of future 
surgeons is an important part of hospital functions, this should be arranged in 
a manner it does not negatively impact patient outcomes.32 

6.4 PERI-IMPLANT FRACTURES 

A peri-implant fracture is a rare complication after intramedullary fixation of 
trochanteric fractures. The rate of PIF in our cohort was 1.4%, which is 
comparable to earlier reports of 0%–2.3%.96 We found a nonsignificant trend 
towards less PIF in the group treated with a long IM nail compared to the 
group with intermediate-length and short nails (0.7% for long nails vs. 1.5% 
for intermediate-length nails and 2.7% for short nails), but this advantage was 
negated by nail breakages (n=3, 2.1%) in the long nail group, whereas there 
were no nail breakages in the short and intermediate-length nail groups. 
Earlier studies also show increased costs, radiation exposure, blood loss and 
length of surgery with long nails.124 
 
Nail breakage at the hole for the collum blade seems to be caused by delayed 
union, similarly with gamma nails.220 As seen in metallurgic and electronic 
microscopy analysis, a minor malalignment of the collum blade caused by 
multiple insertions of the guide wire can increase the stress and cause damage 
to the nail.221 In our study, all nails were distally locked, and most PIFs 
occurred at the tip of the nail. This is interpreted to be due to the stress point 
at the tip of locked nail. 
 
In this study, a treatment protocol based on the fracture morphology and 
whether or not the original fracture has healed is described. 
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1) If the original fracture has healed, and a stable fixation can be achieved by 
nailing, the fracture should be treated by exchanging the nail for a longer 
intramedullary nail. 

 
2) When the healing of the original fracture is uncertain or a stable fixation is 
not considered possible with a nail, fixation with a locking plate is the 
treatment of choice. 
 
3) For nail breakage, we suggest nail exchange with possible autogenic bone 
grafting as it increases the chances of success in the treatment of nonunion.222 
The iliac crest is easily accessible when performing exchange nailing, and both 
the amount and quality of graft from the iliac crest make it the gold standard 
for bone grafting.223 
 
In the study population, no reoperations were needed due to delayed, mal- or 
nonunion of PIF when using the described treatment protocol. The surgeon 
treating peri-implant fractures should be familiar with all of the above-
mentioned techniques and have implantation available.  
 
In the entire study population, there were two stress fractures of femoral neck 
after nine blade removals (22 %), which must be kept in mind when planning 
for removal of the nail either due to discomfort or due to a PIF. None of these 
stress fractures occurred with PIF patients, probably due to partial weight-
bearing advised to patients after plate osteosynthesis. 
 
Exchange nailing and locking plate osteosynthesis appear to be adequate 
treatment options. Fracture morphology and healing of the initial fracture 
should be taken into account when choosing the treatment. 
 

6.5 MORTALITY 

Overall mortality in the study group was similar to that earlier described in 
Finnish publications: 30-day mortality 7.4%, 90-day mortality 13.8%, one-
year mortality 25.5% and two-year mortality 35.4%.11,187,188 
 
In Study II, no differences in mortality were seen between patients with and 
without a surgical site infection. In Study III, the mortality did not differ 
between groups operated by unattended senior residents or consultants. In 
Study IV, high mortality rates followed, also after peri-implant fractures. 

 
In Study II, only 28 patients had a surgical site infection, which is too small of 
a sample size to rule out a type II error (false negative) when interpreting the 
results. Implant-retaining treatment protocol appears to be safe, and there is 
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a clear rationalization behind that, but further studies would be needed to the 
assess superiority or even non-inferiority to protocol with early implant 
exchange. 
 
There was similarly high mortality after a peri-implant fracture, 7% at 30 and 
90 days, 29% at one year, and 43% at two years, compared to the high 
mortality after the original trochanteric hip fracture 7% at 30 days, 14% at 90 
days, 26% at one year, and 35% at two years, respectively. This could be 
interpreted to describe the significant impact of hip fractures or peri-implant 
fractures on the patients. Confounding factors, such as age, must also be 
considered. In Study IV, the age of patients with a peri-implant fracture who 
were alive at two years ranged from 61–90 years, and the age of patients not 
alive at two years from the peri-implant fracture ranged from 91–105 years. 
 
In these studies, frailty of the patients was not scaled. A high mean ASA class, 
3.23, and Charlson comorbidity index (CCI), 4.81, indirectly describes the 
frailty in the patient group. To assess the impact of hip fracture and hip 
fracture treatment on mortality, these aspects should be taken into 
consideration. An increase of expected mortality should be discussed instead 
of only crude mortality in the patient population. 

6.6 LIMITATIONS 

The most important limitation of the study is its retrospective nature. 
Information in hospital data bases is always imperfect and targeted to patient 
care rather than research. Information was not inserted in a structured form 
at the time, thus there was the potential for error in both insertion of the 
information and the manual gathering of information. In a structured data 
base, there would be a smaller risk for missing data and error in data 
gathering. On the other hand, as a structured data base forces clinicians to 
insert data, the risk for flawed data might increase. In a retrospective setting, 
correlation between risk factors and incidents can be seen, but identification 
of causality is not possible. 
 
All studies done utilized the same material, and a power calculation was not 
performed. Thus, the potential for a type II error (false negative) exists.  

 
A significant proportion of the study population were elderly patients with 
dementia and preoperative impaired walking ability, which might delay or 
prevent the presentation of some complications. Diagnostics were made 
following clinical criteria used at the time of the study.  
 
As a retrospective study, there is no information of patient-reported outcome 
measures, which would give important information about the clinical 
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significance of complications as well as a clearer picture of the treatment 
results. 
 
The low total amount of complications observed—1.5% for deep surgical site 
infections, 1.4% for peri-implant fractures and 2.0% for mechanical 
complications—makes statistical analysis and defining risk factors difficult in 
a retrospective setting. Further, as a single centre study from the largest 
university hospital in Finland, all results might not be generalizable to 
different institutes or countries with different resident education systems, 
patient profiles, rehabilitation resources and prevalence of resistant microbes. 

 

6.7 CLINICAL IMPLICATIONS 

I  A new treatment protocol without routine follow-up visits after 
intramedullary fixation of trochanteric fractures was suggested and 
implemented in our centre. 

 
II  An implant-retaining treatment protocol for deep post-operative 

infections was reviewed, and increased mortality was not observed.   
 
III Safety regarding residents performing trochanteric fracture surgery 

unattended was confirmed. Patients and administrators can be 
reassured with these results. 

 
IV Treatment protocol for peri-implant fractures based on fracture 

morphology and healing of the original fracture was reported to be 
successfully used. 

 
 

6.8 FUTURE RESEARCH 

 
Most follow-up protocols for different fractures are not based on evidence but 
rather on old habits and expert opinions. Critical evaluation of these follow-up 
protocols could help to direct health care resources to patients who would 
benefit the most.  
 
Further, a multicentre RCT comparing implant-retaining protocol to early 
implant exchange in postoperative infections would clarify whether implant 
exchange affects mortality, hip function, eradication of infection or the 
amount of revision surgeries needed.  
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Research is also warranted on how to enhance resident education and to find 
where support is needed. In the world of evidence-based medicine, evidence 
of the efficacy of different education models and interventions should be 
obtained to reach evidence-based medical education. 
 
Validated mathematic models for expected mortality in the described hip 
fracture patient group consisting of age, frailty scale, gender distribution and 
comorbidities, among other things, would be valuable. These instruments 
would help in comparing different treatment protocols and assessing the 
overall quality of care. 
 
Prospective multicentre studies with PROMs as an outcome are needed to gain 
information about the effects of infections and peri-implant fractures on the 
lives of patients. Large multicentre studies would also shed light on the risk 
factors and could help to improve results. A national hip fracture register with 
PROMs, operative details and basic patient information would allow a more 
precise depiction of the current state of treatment and effects of different 
variables on outcomes. Overall care of hip fracture patients, from fracture 
prevention to optimal operative treatment and rehabilitation, still needs 
critical evaluation and improvement. 
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7 CONCLUSIONS 

On the basis of these studies, the following conclusions regarding the 
intramedullary fixation of trochanteric fractures and follow-up after surgery 
can be made. 

 
I. Only 0.9% of follow-up visits at the outpatient clinic led to a change in 

the treatment plan. Most patients with post-operative problems 
needing revision surgery (64/73) contacted the hospital either via the 
emergency department or the outpatient clinic outside the planned 
visits. Routine follow-up visits should be replaced with thorough patient 
information regarding when to contact the hospital. 

 
II. Deep infections were treated without implant removal with good 

results. The rate of deep surgical site infections was 1.5% in our patient 
material. Although many patients needed multiple surgical 
debridéments and prolonged antibiotic treatment, mortality was not 
higher among patients with a deep surgical site infection.  

 
III. Neither the rate of complications needing revision surgery, nor 

mortality nor length of surgery were higher when senior residents 
operated on intramedullary fixation of trochanteric fractures 
unattended, compared to the operations of consultants. Senior 
residents can safely perform intramedullary fixation of trochanteric 
fractures without immediate supervision. 

 
IV. The rate of peri-implant fractures was 1.4%. Treatment of such fractures 

is either exchange nailing or locking plate osteosynthesis, depending on 
the fracture morphology and the healing phase of the initial fracture.
 



References 

64 

REFERENCES 

1. Meinberg EG, Agel J, Roberts CS, Karam MD, Kellam JF. Fracture and dislocation 
classification Compendium—2018. Journal of Orthopaedic Trauma. 2018;32 
Suppl 1:S1-S10. doi: 10.1097/BOT.0000000000001063. 

2. Brämer GR. International statistical classification of diseases and related health 
problems. Tenth revision. World Health Stat Q. 1988;41(1):32-6.  

3. Lamb JN, Panteli M, Pneumaticos SG, Giannoudis PV. Epidemiology of 
pertrochanteric fractures: Our institutional experience. European Journal of 
Trauma and Emergency Surgery. 2014 Jun;40(3):225-32. doi: 
10.1007/s00068-014-0375-x.  

4. Wu S, Rau C, Kuo SCH, Chien P, Hsieh C. The influence of ageing on the 
incidence and site of trauma femoral fractures: A cross-sectional analysis. BMC 
Musculoskeletal Disorders. 2019;20(1):413. doi: 10.1186/s12891-019-2803-x. 

5. Saul D, Riekenberg J, Ammon JC, Hoffmann DB, Sehmisch S. Hip fractures: 
Therapy, timing, and complication spectrum. Orthopaedic Surgery. 
2019;11(6):994-1002. doi: 10.1111/os.12524. 

6. Kannus P, Niemi S, Parkkari J, Sievänen H. Continuously declining incidence of 
hip fracture in finland: Analysis of nationwide database in 1970-2016. Archives 
of Gerontology and Geriatrics. 2018;77:64-67. doi: 
10.1016/j.archger.2018.04.008. 

7. Mattisson L, Bojan A, Enocson A. Epidemiology, treatment and mortality of 
trochanteric and subtrochanteric hip fractures: Data from the swedish fracture 
register. BMC Musculoskeletal Disorders. 2018;19. doi: 10.1186/s12891-018-
2276-3. 

8. Meyer AC, Ek S, Drefahl S, Ahlbom A, Hedström M, Modig K. Trends in hip 
fracture incidence, recurrence, and survival by education and comorbidity: A 
swedish register-based study. Epidemiology. 2021;Publish Ahead of Print. doi: 
10.1097/EDE.0000000000001321. 

9. Panteli M, Giannoudi MP, Lodge CJ, West RM, Pountos I, Giannoudis PV. 
Mortality and medical complications of subtrochanteric fracture fixation. 
Journal of Clinical Medicine. 2021;10(3):540. doi: 10.3390/jcm10030540. 

10. Kim RG, An VVG, Petchell JF. Hip fracture surgery performed out-of-hours- A 
systematic review and meta-analysis. Injury. 2021. doi: 
10.1016/j.injury.2021.02.049. 

11. Panula J, Pihlajamäki H, Mattila VM, et al. Mortality and cause of death in hip 
fracture patients aged 65 or older - a population-based study. BMC 
Musculoskeletal Disorders. 2011;12(1):105. doi: 10.1186/1471-2474-12-105. 

12. Haugan K, Klaksvik J, Foss OA. 30-day mortality in patients after hip fracture 
surgery: A comparison of the charlson comorbidity index score and ASA score 
used in two prediction models. Injury. 2021. doi: 10.1016/j.injury.2021.02.004. 

13. Wahlsten LR, Smedegaard L, Brorson S, Gislason G, Palm H. Living settings and 
cognitive impairment are stronger predictors of nursing home admission after 
hip fracture surgery than physical comorbidities A nationwide danish cohort 
study. Injury. 2020;51(10):2289-2294. doi: 10.1016/j.injury.2020.06.041. 



 

65 

14. Rapp, Kilian, MD, MPH, Rothenbacher, Dietrich, MD, MPH, Magaziner J, PhD, 
et al. Risk of nursing home admission after femoral fracture compared with 
stroke, myocardial infarction, and pneumonia. Journal of the American Medical 
Directors Association. 2015;16(8):715.e7-715.e12. doi: 
10.1016/j.jamda.2015.05.013. 

15. Niu E, Yang A, Harris A, Bishop J. Which fixation device is preferred for surgical 
treatment of intertrochanteric hip fractures in the United States? A survey of 
orthopaedic surgeons. Clin Orthop Relat Res. 2015;473(11):3647-3655. doi: 
10.1007/s11999-015-4469-5. 

16. Brox W, Roberts K, Taksali S, et al. The american academy of orthopaedic 
surgeons evidence-based guideline on management of hip fractures in the 
elderly. Journal of Bone and Joint Surgery. American volume. 
2015;97(14):1196-1199. doi: 10.2106/JBJS.O.00229. 

17. Sreekanta A, Eardley WG, Parker MJ, et al. Surgical interventions for treating 
extracapsular hip fractures in adults: A network meta-analysis. Cochrane 
library. 2019;2019(8). doi: 10.1002/14651858.CD013405. 

18. Parker MJ, Das A, Parker MJ. Extramedullary fixation implants and external 
fixators for extracapsular hip fractures in adults. Cochrane Database of 
Systematic Reviews. 2013;2013(2):CD000339. doi: 
10.1002/14651858.CD000339.pub3. 

19. Parker MJ, Handoll HH, Parker MJ. Gamma and other cephalocondylic 
intramedullary nails versus extramedullary implants for extracapsular hip 
fractures in adults. Cochrane library. 2010;2010(9):CD000093. doi: 
10.1002/14651858.CD000093.pub5. 

20. Queally JM, Harris E, Handoll HH, Parker MJ, Queally JM. Intramedullary 
nails for extracapsular hip fractures in adults. Cochrane library. 
2014;2014(9):CD004961. doi: 10.1002/14651858.CD004961.pub4. 

21. Rizk P, Morris W, Oladeji P, Huo M. Review of postoperative delirium in 
geriatric patients undergoing hip surgery. Geriatric Orthopaedic Surgery & 
Rehabilitation. 2016;7(2):100-105. doi: 10.1177/2151458516641162. 

22. Edelstein DM, Aharanoff GB, Karp A, Capla EL, Zuckerman JD, KOVAL KJ. 
Effect of postoperative delirium on outcome after hip fracture. Clinical 
Orthopaedics and Related Research. 2004;422(422):195-200. doi: 
10.1097/01.blo.0000128649.59959.0c. 

23. Flikweert ER, Wendt KW, Diercks RL, et al. Complications after hip fracture 
surgery: Are they preventable? Eur J Trauma Emerg Surg. 2017;44(4):573-580. 
doi: 10.1007/s00068-017-0826-2. 

24. Panteli M, Giannoudi MP, Lodge CJ, West RM, Pountos I, Giannoudis PV. 
Mortality and medical complications of subtrochanteric fracture fixation. 
Journal of Clinical Medicine. 2021;10(3):540. doi: 10.3390/jcm10030540. 

25. Partanen J, Syrjälä H, Vähänikkilä H, Jalovaara P. Impact of deep infection after 
hip fracture surgery on function and mortality. Journal of Hospital Infection. 
2006;62(1):44-49. doi: 10.1016/j.jhin.2005.04.020. 

26. Harrison T, Robinson P, Cook A, Parker MJ. Factors affecting the incidence of 
deep wound infection after hip fracture surgery. The Journal of Bone and Joint 
Surgery. British volume. 2012;94(2):237-240. doi: 10.1302/0301-
620X.94B1.27683. 



References 

66 

27. Dunne M, Kuršumović K, Fisher R, Parker M. Comparison of outcomes after 
different methods of fixation for extracapsular hip fractures: An observational 
study. Injury. 2021. doi: 10.1016/j.injury.2021.02.050. 

28. Parker MJ, Cawley S. Sliding hip screw versus the targon PFT nail for 
trochanteric hip fractures: A randomised trial of 400 patients. The Bone & Joint 
Journal. 2017;99-B(9):1210-1215. doi: 10.1302/0301-620X.99B9.BJJ-2016-
1279.R1. 

29. Ovaska, MT, Nuutinen T, Madanat R, Mäkinen TJ, Söderlund T. The role of 
outpatient visit after operative treatment of ankle fractures. Injury. 
2016;47(11):2575-2578. doi: 10.1016/j.injury.2016.09.008. 

30. van Gerven P, El Moumni M, Zuidema WP, et al. Omitting routine radiography 
of traumatic distal radial fractures after initial 2-week follow-up does not affect 
outcomes. Journal of Bone and Joint Surgery. American volume. 
2019;101(15):1342-1350. doi: 10.2106/JBJS.18.01160. 

31. Stenroos A, Kosola J, Puhakka J, Laaksonen T, Ahonen M, Nietosvaara Y. 
Routine radiographic follow-up is not necessary after physeal fractures of the 
distal tibia in children. Acta Orthopaedica. 2019;90(6):610-613. doi: 
10.1080/17453674.2019.1643632. 

32. Seegmiller CJ, Borgert AJ, Kallies KJ, Jarman BT. Is chief resident autonomy 
safe for patients? An analysis of quality in training initiative (QITI) data to assess 
chief resident performance. Journal of Surgical Education. 2020. doi: 
10.1016/j.jsurg.2020.07.023. 

33. Lee SWJ, Chan P, Carter R, Jamal B. Surgery performed by supervised trainees 
does not affect outcome in first metatarsophalangeal joint (MTPJ) arthrodesis. 
The Journal of Foot and Ankle Surgery. 2020;59(6):1239-1243. doi: 
10.1053/j.jfas.2020.08.008. 

34. Edelstein A, Lovecchio F, Saha S, Hsu W, Kim J. Impact of resident involvement 
on orthopaedic surgery outcomes: An analysis of 30,628 patients from the 
american college of surgeons national surgical quality improvement program 
database. Journal of Bone and Joint Surgery. American volume. 
2014;96(15):e131. doi: 10.2106/JBJS.M.00660. 

35. Khazi ZM, Gulbrandsen TR, Shamrock AG, et al. Resident involvement is not 
associated with increased risk of postoperative complications after arthroscopic 
knee surgery: A propensity-matched study. Arthroscopy. 2020. doi: 
10.1016/j.arthro.2020.04.040. 

36. Bartoska R, Baca V, Kachlik D, Marvan J, Dzupa V. The correlation between 
muscles insertions and topography of break lines in pertrochanteric fractures: A 
comprehensive anatomical approach of complex proximal femur injuries. Surg 
Radiol Anat. 2013;35(10):957-962. doi: 10.1007/s00276-013-1124-2. 

37. Studer P, Suhm N, Wang Q, Rosenthal R, Saleh HA, Jakob M. Displaced 
trochanteric fragments lead to poor functional outcome in pertrochanteric 
fractures treated by cephalomedullary nails. Injury. 2015;46(12):2384-2388. 
doi: 10.1016/j.injury.2015.06.040. 

38. Hammer A. The calcar femorale: A new perspective. Journal of Orthopaedic 
Surgery. 2019;27(2):2309499019848778. doi: 10.1177/2309499019848778 



 

67 

39. Gotfried Y. The lateral trochanteric wall: A key element in the reconstruction of 
unstable pertrochanteric hip fractures. Clinical Orthopaedics and Related 
Research. 2004;425(425):82-86. doi: 10.1097/01.blo.0000132264.14046.c2. 

40. Palm H, Jacobsen S, Sonne-Holm S, Gebuhr P. Integrity of the lateral femoral 
wall in intertrochanteric hip fractures: An important predictor of a reoperation. 
Journal of Bone and Joint Surgery. American volume. 2007;89A(3):470-475. 
doi: 10.2106/00004623-200703000-00002. 

41. Tawari A, Kempegowda H, Suk M, Horwitz D. What makes an intertrochanteric 
fracture unstable in 2015? Does the lateral wall play a role in the decision 
matrix? Journal of Orthopaedic Trauma. 2015;29 Suppl 4:S4-S9. doi: 
10.1097/BOT.0000000000000284. 

42. Bhandari M, Swiontkowski M. Management of acute hip fracture. The New 
England Journal of Medicine. 2017;377(21):2053-2062. doi: 
10.1056/NEJMcp1611090. 

43. Kuzyk P, Bhandari M, McKee M, Russell T, Schemitsch E. Intramedullary versus 
extramedullary fixation for subtrochanteric femur fractures. Journal of 
Orthopaedic Trauma. 2009;23(6):465-470. doi: 
10.1097/BOT.0b013e3181acfdfd. 

44. Liu P, Wu X, Shi H, et al. Intramedullary versus extramedullary fixation in the 
management of subtrochanteric femur fractures: A meta-analysis. Clinical 
Interventions in Aging. 2015;10:803-811. doi: 10.2147/CIA.S82119. 

45. Jensen JS. Classification of trochanteric fractures. Acta Orthopaedica. 
1980;51(1-6):803-810. doi: 10.3109/17453678008990877. 

46. Andersen E, Jørgensen LG, Hededam LT. Evans' classification of trochanteric 
fractures: An assessment of the interobserver and intraobserver reliability. 
Injury. 1990;21(6):377-378. doi: 10.1016/0020-1383(90)90123-C. 

47. Pervez H, Parker MJ, Pryor GA, Lutchman L, Chirodian N. Classification of 
trochanteric fracture of the proximal femur: A study of the reliability of current 
systems. Injury. 2002;33(8):713-715. doi: 10.1016/S0020-1383(02)00089-X. 

48. Crijns TJ, Janssen SJ, Davis JT, et al. Reliability of the classification of proximal 
femur fractures: Does clinical experience matter? Injury. 2018;49(4):819-823. 
doi: 10.1016/j.injury.2018.02.023. 

49. Taylor BC, Schreiner PJ, Stone KL, et al. Long-term prediction of incident hip 
fracture risk in elderly white women: Study of osteoporotic fractures. Journal of 
the American Geriatrics Society. 2004;52(9):1479-1486. doi: 10.1111/j.1532-
5415.2004.52410.x. 

50. Benetos IS, Babis GC, Zoubos AB, Benetou V, Soucacos PN. Factors affecting the 
risk of hip fractures. Injury. 2007;38(7):735-744. doi: 
10.1016/j.injury.2007.01.001. 

51. Kanis JA, Johansson H, Oden A, et al. A family history of fracture and fracture 
risk: A meta-analysis. Bone. 2004;35(5):1029-1037. doi: 
10.1016/j.bone.2004.06.017. 

52. Cawthon PM, Fullman RL, Marshall L, et al. Physical performance and risk of 
hip fractures in older men. Journal of Bone and Mineral Research. 
2008;23(7):1037-1044. doi: 10.1359/jbmr.080227. 



References 

68 

53. Johnson NA, Stirling ERB, Divall P, Thompson JR, Ullah AS, Dias JJ. Risk of 
hip fracture following a wrist fracture—A meta-analysis. Injury. 2016;48(2):399-
405. doi: 10.1016/j.injury.2016.11.002. 

54. Shen GS, Li Y, Zhao G, et al. Cigarette smoking and risk of hip fracture in 
women: A meta-analysis of prospective cohort studies. Injury. 2015;46(7):1333-
1340. doi: 10.1016/j.injury.2015.04.008. 

55. Zhang X, Yu Z, Yu M, Qu X. Alcohol consumption and hip fracture risk. 
Osteoporos Int. 2014;26(2):531-542. doi: 10.1007/s00198-014-2879-y. 

56. Looker AC. Serum 25‐hydroxyvitamin D and risk of major osteoporotic fractures 
in older U.S. adults. Journal of Bone and Mineral Research. 2013;28(5):997-
1006. doi: 10.1002/jbmr.1828. 

57. Buchebner D, Mcguigan F, Gerdhem P, Ridderstrale M, Akesson K. Vitamin D 
insufficiency sustained over 5 years contributes to increased 10-year fracture risk 
in elderly women. Osteoporosis Int. 2014;25:S117. doi: 10.1007/s00198-014-
2823-1 

58. Steingrimsdottir L, Halldorsson TI, Siggeirsdottir K, et al. Hip fractures and 
bone mineral density in the elderly—importance of serum 25-hydroxyvitamin D. 
PloS one. 2014;9(3):e91122. doi: 10.1371/journal.pone.0091122. 

59. Johansson H, Kanis JA, Odén A, et al. A meta-analysis of the association of 
fracture risk and body mass index in women. Journal of Bone and Mineral 
Research. 2014;29(1):223-233. doi: 10.1002/jbmr.2017. 

60. Fan Y, Wei F, Lang Y, Liu Y. Diabetes mellitus and risk of hip fractures: A meta-
analysis. Osteoporos Int. 2015;27(1):219-228. doi: 10.1007/s00198-015-3279-7. 

61. Luan L, Li R, Wang Z, et al. Stroke increases the risk of hip fracture: A systematic 
review and meta-analysis. Osteoporos Int. 2016;27(11):3149-3154. doi: 
10.1007/s00198-016-3632-5. 

62. Ivers RQ, Optom B, Cumming RG, Mitchell P, Simpson JM, Peduto AJ. Visual 
risk factors for hip fracture in older people. Journal of the American Geriatrics 
Society. 2003;51(3):356-363. doi: 10.1046/j.1532-5415.2003.51109.x. 

63. Tolppanen A, Lavikainen P, Soininen H, Hartikainen S. Incident hip fractures 
among community dwelling persons with alzheimer’s disease in a finnish 
nationwide register-based cohort. PloS one. 2013;8(3):e59124. doi: 
10.1371/journal.pone.0059124. 

64. Bakken MS, Engeland A, Engesæter LB, Ranhoff AH, Hunskaar S, Ruths S. Risk 
of hip fracture among older people using anxiolytic and hypnotic drugs: A 
nationwide prospective cohort study. Eur J Clin Pharmacol. 2014;70(7):873-
880. doi: 10.1007/s00228-014-1684-z. 

65. Lemos JL, Welch JM, Xiao M, Shapiro LM, Adeli E, Kamal RN. Is frailty 
associated with adverse outcomes after orthopaedic surgery?: A systematic 
review and assessment of definitions. JBJS reviews. 2021;9(12). doi: 
10.2106/JBJS.RVW.21.00065. 

66. Zhao H, Wei P, Feng Y. Association between frailty and clinical outcomes and 
quality of life in older adults following hip fracture surgery: A retrospective 
cohort study. Anesthesia and Analgesia. 2021;Publish Ahead of Print. doi: 
10.1213/ANE.0000000000005841. 



 

69 

67. Strøm Rönnquist S, Viberg B, Kristensen MT, et al. Frailty and osteoporosis in 
patients with hip fractures under the age of 60-a prospective cohort of 218 
individuals. Osteoporosis Int. 2022. doi: 10.1007/s00198-021-06281-y. 

68. Sang WA, Durrani H, Liu H, et al. Frailty score as a predictor of outcomes in 
geriatric patients with isolated hip fractures. The American Surgeon. 
2021:31348211058629. doi: 10.1177/00031348211058629. 

69. Rockwood K, Song X, MacKnight C, et al. A global clinical measure of fitness and 
frailty in elderly people. Canadian Medical Association journal. 
2005;173(5):489-495. doi: 10.1503/cmaj.050051. 

70. Faller JW, Pereira DdN, de Souza S, Nampo FK, Orlandi FdS, Matumoto S. 
Instruments for the detection of frailty syndrome in older adults: A systematic 
review. PloS one. 2019;14(4):e0216166. doi: 10.1371/journal.pone.0216166. 

71. Montero-Odasso MM, Kamkar N, Pieruccini-Faria F, et al. Evaluation of clinical 
practice guidelines on fall prevention and management for older adults: A 
systematic review. JAMA Network Open. 2021;4(12):e2138911. doi: 
10.1001/jamanetworkopen.2021.38911. 

72. Sackett DL, Rosenberg WMC, Muir Gray JA, Haynes RB, Richardson WS. 
Evidence based medicine: What it is and what it isn't. BMJ. 1996;312(7023):71-
72. doi: 10.1136/bmj.312.7023.71 

73. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: An emerging consensus on rating 
quality of evidence and strength of recommendations. BMJ. 
2008;336(7650):924-926. doi: 10.1136/bmj.39489.470347.AD. 

74. Guyatt GH, Oxman AD, Sultan S, et al. GRADE guidelines: 9. rating up the 
quality of evidence. Journal of Clinical Epidemiology. 2011;64(12):1311-1316. 
doi: 10.1016/j.jclinepi.2011.06.004. 

75. Hannan EL. Randomized clinical trials and observational studies: Guidelines for 
assessing respective strengths and limitations. Journal of the American College 
of Cardiology: Cardiovascular Interventions. 2008;1(3):211-217. doi: 
10.1016/j.jcin.2008.01.008. 

76. Rosén M, Axelsson S, Lindblom J. Observational studies versus RCTs: What 
about socioeconomic factors? The Lancet (British edition). 
2009;373(9680):2026. doi: 10.1016/S0140-6736(09)61112-0. 

77. Black N. Why we need observational studies to evaluate the effectiveness of 
health care. BMJ. 1996;312(7040):1215-20. doi: 10.1136/bmj.312.7040.1215. 

78. Faraoni D, Schaefer ST. Randomized controlled trials vs. observational studies: 
Why not just live together? BMC Anesthesiology. 2016;16(1):102. doi: 
10.1186/s12871-016-0265-3. 

79. Nallamothu BK, Hayward RA, Bates ER. Beyond the randomized clinical trial: 
The role of effectiveness studies in evaluating cardiovascular therapies. 
Circulation. 2008;118(12):1294-1303. doi: 
10.1161/CIRCULATIONAHA.107.703579. 

80. Briot K, Maravic M, Roux C. Changes in number and incidence of hip fractures 
over 12 years in france. Bone. 2015;81:131-137. doi: 10.1016/j.bone.2015.07.009. 

81. Trevisan C, Gallinari G, Carbone A, Klumpp R. Fifteen years change in acute 
management of hip fracture patients: 1-year mortality calls for improvements. 
Injury. 2021;52(8):2367-2372. doi: 10.1016/j.injury.2021.01.025. 



References 

70 

82. Kontis V, Bennett JE, Mathers CD, Li G, Foreman K, Ezzati M. Future life 
expectancy in 35 industrialised countries: Projections with a bayesian model 
ensemble. The Lancet (British edition). 2017;389(10076):1323-1335. doi: 
10.1016/S0140-6736(16)32381-9. 

83. Lakstein D, Hendel D, Haimovich Y, Feldbrin Z. Changes in the pattern of 
fractures of the hip in patients 60 years of age and older between 2001 and 2010: 
A radiological review. The Bone & Joint Journal. 2013;95-B(9):1250-1254. doi: 
10.1302/0301-620X.95B9.31752. 

84. Soukkio PK, Suikkanen SA, Aartolahti EM, et al. Effects of home-based physical 
exercise on days at home, health care utilization, and functional independence 
among patients with hip fractures: A randomized controlled trial. Archives of 
Physical Medicine and Rehabilitation. 2021;102(9):1692-1699. doi: 
10.1016/j.apmr.2021.04.004. 

85. Tiihonen R, Alaranta R, Helkamaa T, Nurmi-Lüthje I, Kaukonen J, Lüthje P. A 
10-year retrospective study of 490 hip fracture patients: Reoperations, direct 
medical costs, and survival. Scandinavian Journal of Surgery. 2019;108(2):178-
184. doi: 10.1177/1457496918798197. 

86. Gu Q, Koenig L, Mather III R, Tongue J. Surgery for hip fracture yields societal 
benefits that exceed the direct medical costs. Clin Orthop Relat Res. 
2014;472(11):3536-3546. doi: 10.1007/s11999-014-3820-6. 

87. Braithwaite RS, Col NF, Wong JB. Estimating hip fracture morbidity, mortality 
and costs. Journal of the American Geriatrics Society. 2003;51(3):364-370. doi: 
10.1046/j.1532-5415.2003.51110.x. 

88. Mohd-Tahir N, Li S. Economic burden of osteoporosis-related hip fracture in 
asia: A systematic review. Osteoporos Int. 2017;28(7):2035-2044. doi: 
10.1007/s00198-017-3985-4. 

89. Svedbom A, Svedbom A, Borgström F, et al. Quality of life after hip, vertebral, 
and distal forearm fragility fractures measured using the EQ-5D-3L, EQ-VAS, 
and time-trade-off: Results from the ICUROS. Qual Life Res. 2018;27(3):707-
716. doi: 10.1007/s11136-017-1748-5. 

90. Borgström F, Lekander I, Ivergård M, et al. The international costs and utilities 
related to osteoporotic fractures study (ICUROS)—quality of life during the first 
4 months after fracture. Osteoporos Int. 2013;24(3):811-823. doi: 
10.1007/s00198-012-2240-2. 

91. Dolan P, Roberts J. Modelling valuations for eq-5d health states: An alternative 
model using differences in valuations. Medical Care. 2002;40(5):442-446. doi: 
10.1097/00005650-200205000-00009. 

92. Swayambunathan J, Dasgupta A, Rosenberg PS, Hannan MT, Kiel DP, 
Bhattacharyya T. Incidence of hip fracture over 4 decades in the framingham 
heart study. JAMA Internal Medicine. 2020;180(9):1225-1231. doi: 
10.1001/jamainternmed.2020.2975. 

93. Biber R, Berger J, Bail HJ. The art of trochanteric fracture reduction. Injury. 
2016;47:S3-S6. doi: 10.1016/S0020-1383(16)30845-2. 

94. Gangadharan S, Nambiar M. Intertrochanteric fractures in elderly high risk 
patients treated with ender nails and compression screw. Indian Journal of 
Orthopaedics. 2010;44(3):289-91. 



 

71 

95. Bojan AJ, Beimel C, Speitling A, Taglang G, Ekholm C, Jönsson A. 3066 
consecutive gamma nails. 12 years experience at a single centre. BMC 
Musculoskeletal Disorders. 2010;11(1):133. doi: 10.1186/1471-2474-11-133. 

96. Norris R, Bhattacharjee D, Parker MJ. Occurrence of secondary fracture around 
intramedullary nails used for trochanteric hip fractures: A systematic review of 
13,568 patients. Injury. 2011;43(6):706-711. doi: 10.1016/j.injury.2011.10.027. 

97. O'Neill F, Condon F, McGloughlin T, Lenehan B, Coffey JC, Walsh M. Dynamic 
hip screw versus DHS blade: A biomechanical comparison of the fixation 
achieved by each implant in bone. Journal of Bone and Joint Surgery. British 
volume. 2011;93(5):616-621. doi: 10.1302/0301-620X.93B5.25539. 

98. Fang C, Lau TW, Wong TM, Lee HL, Leung F. Sliding hip screw versus sliding 
helical blade for intertrochanteric fractures: A propensity score-matched case 
control study. The Bone & Joint Journal. 2015;97-B(3):398-404. doi: 
10.1302/0301-620X.97B3.34791. 

99. Chapman T, Zmistowski B, Krieg J, Stake S, Jones C, Levicoff E. Helical blade 
versus screw fixation in the treatment of hip fractures with cephalomedullary 
devices: Incidence of failure and atypical “Medial cutout”. Journal of 
Orthopaedic Trauma. 2018;32(8):397-402. doi: 
10.1097/BOT.0000000000001193. 

100. Lenich A, Vester H, Nerlich M, Mayr E, Stöckle U, Füchtmeier B. Clinical 
comparison of the second and third generation of intramedullary devices for 
trochanteric fractures of the hip—Blade vs screw. Injury. 2010;41(12):1292-1296. 
doi: 10.1016/j.injury.2010.07.499. 

101. Bonnaire F, Lein T, Fülling T, Bula P. Reduced complication rates for unstable 
trochanteric fractures managed with third-generation nails: Gamma 3 nail 
versus PFNA. European Journal of Trauma and Emergency Surgery. 
2019;46(5):955-962. doi: 10.1007/s00068-019-01200-7. 

102. Buckley RE, Moran CG, Apivatthakakul T. AO principles of fracture 
management. New York: Thieme Medical Publishers, 2017.  

103. Sonmez M, Camur S, Erturer E, Ugurlar M, Kara A, Ozturk I. Strategies for 
proximal femoral nailing of unstable intertrochanteric fractures: Lateral 
decubitus position or traction table. Journal of the American Academy of 
Orthopaedic Surgeons. 2017;25(3):e37-e44. doi: 10.5435/JAAOS-D-15-00691. 

104. Şahin E, Songür M, Kalem M, et al. Traction table versus manual traction in the 
intramedullary nailing of unstable intertrochanteric fractures: A prospective 
randomized trial. Injury. 2016;47(7):1547-1554. doi: 
10.1016/j.injury.2016.04.012. 

105. Doğan N, Ertürk C, Gülabi D. Is proximal femoral nailing of unstable 
intertrochanteric fractures in the lateral decubitus position without a traction 
table as safe and effective as on a traction table? Injury. 2021. doi: 
10.1016/j.injury.2021.11.017. 

106. Wang Z, Hao W, Liu D, et al. A prospective study of closed reduction of 
trochanteric fractures via a novel intraoperative femoral fracture reduction 
device: Early clinical results. Journal of Orthopaedic Trauma. 2018;32(8):e309-
e314. doi: 10.1097/BOT.0000000000001230. 



References 

72 

107. Raghuraman R, Kam JW, Chua DTC. Predictors of failure following fixation of 
intertrochanteric fractures with proximal femoral nail antirotation. Singapore 
Medical Journal. 2019;60(9):463-467. doi: 10.11622/smedj.2019114. 

108. Hoffmann MF, Khoriaty JD, Sietsema DL, Jones CB. Outcome of 
intramedullary nailing treatment for intertrochanteric femoral fractures. 
Journal of Orthopaedic Surgery and Research. 2019;14(1):360. doi: 
10.1186/s13018-019-1431-3. 

109. Sharma G, GN Kk, Yadav S, et al. Pertrochanteric fractures (AO/OTA 31-A1 and 
A2) not amenable to closed reduction: Causes of irreducibility. Injury. 
2014;45(12):1950-1957. doi: 10.1016/j.injury.2014.10.007. 

110. Díaz VJ, Cañizares ACP, Martín IA, Peinado MA, Doussoux PC. Predictive 
variables of open reduction in intertrochanteric fracture nailing: A report of 210 
cases. Injury. 2016;47:S51-S55. doi: 10.1016/S0020-1383(16)30606-4. 

111. Buruian A, Silva Gomes F, Roseiro T, et al. Distal interlocking for short 
trochanteric nails: Static, dynamic or no locking? Review of the literature and 
decision algorithm. EFORT Open Reviews. 2020;5(7):421-429. doi: 
10.1302/2058-5241.5.190045. 

112. Li Y, Yu T, Shao W, Liu Y, Zhu D, Tan L. Distal locked versus unlocked 
intramedullary nailing for stable intertrochanteric fractures, a systematic review 
and meta-analysis. BMC Musculoskeletal Disorders. 2020;21(1):1-461. doi: 
10.1186/s12891-020-03444-6. 

113. Yan W, Cao W, Sun M, Ma D, Zhang P. Distal locked or unlocked nailing for 
stable intertrochanteric fractures? A meta‐analysis. ANZ Journal of Surgery. 
2020;90(1-2):27-33. doi: 10.1111/ans.15232. 

114. Lacroix H, Arwert H, Snijders C, Fontijne P. Prevention of fracture at the distal 
locking site of the gamma nail. A biomechanical study. Journal of Bone and 
Joint Surgery. British volume. 1995;77(2):274-276. doi: 10.1302/0301-
620X.77B2.7706346. 

115. Segal D, Yaacobi E, Marom N, et al. The incidence of life threatening iatrogenic 
vessel injury following closed or open reduction and internal fixation of 
intertrochanteric femoral factures. International Orthopaedics (SICOT). 
2017;41(9):1845-1850. doi: 10.1007/s00264-017-3545-8. 

116. Mukherjee P, Brattgjerd JE, Niratisairak S, Nilssen JR, Strømsøe K, Steen H. 
The stabilising effect by a novel cable cerclage configuration in long 
cephalomedullary nailing of subtrochanteric fractures with a posteromedial 
wedge. Clinical Biomechanics. 2019;68:1-7. doi: 
10.1016/j.clinbiomech.2019.05.023. 

117. Trikha V, Das S, Agrawal P, M A, Kumar Dhaka S. Role of percutaneous cerclage 
wire in the management of subtrochanteric fractures treated with intramedullary 
nails. Chinese Journal of Traumatology. 2018;21(1):42-49. doi: 
10.1016/j.cjtee.2018.01.001. 

118. Codesido P, Mejía A, Riego J, Ojeda-Thies C. Subtrochanteric fractures in 
elderly people treated with intramedullary fixation: Quality of life and 
complications following open reduction and cerclage wiring versus closed 
reduction. Arch Orthop Trauma Surg. 2017;137(8):1077-1085. doi: 
10.1007/s00402-017-2722-y. 



 

73 

119. Karayiannis P, James A. The impact of cerclage cabling on unstable 
intertrochanteric and subtrochanteric femoral fractures: A retrospective review 
of 465 patients. European Journal of Trauma and Emergency Surgery. 
2019;46(5):969-975. doi: 10.1007/s00068-018-01071-4. 

120. Ehrnthaller C, Olivier AC, Gebhard F, Dürselen L. The role of lesser trochanter 
fragment in unstable pertrochanteric A2 proximal femur fractures - is refixation 
of the lesser trochanter worth the effort? Clinical Biomechanics. 2016;42:31-37. 
doi: 10.1016/j.clinbiomech.2016.12.013. 

121. Schenkel M, Kaniewska M, Bühler T, Anderson S, Eid K. No difference in 
flexion power despite iliopsoas fatty degeneration in healed hip fractures with 
large lesser trochanter displacement. Eur J Orthop Surg Traumatol. 
2018;28(7):1313-1319. doi: 10.1007/s00590-018-2200-4. 

122. Liu X, Liu Y, Pan S, Cao H, Yu D. Does integrity of the lesser trochanter 
influence the surgical outcome of intertrochanteric fracture in elderly patients? 
BMC Musculoskeletal Disorders. 2015;16(1):47. doi: 10.1186/s12891-015-0492-
7. 

123. Sun Q, Ge W, Hu H, et al. The influence of position of the displaced lesser 
trochanter on clinical outcome of unstable trochanteric femur fractures in the 
elderly. BioMed Research International. 2018:5013646-6. doi: 
10.1155/2018/5013646. 

124. Dunn J, Kusnezov N, Bader J, Waterman B, Orr J, Belmont P. Long versus 
short cephalomedullary nail for trochanteric femur fractures (OTA 31-A1, A2 and 
A3): A systematic review. J Orthopaed Traumatol. 2016;17(4):361-367. doi: 
10.1007/s10195-016-0405-z. 

125. Jensen JS, Tøndevold E, Mossing N. Unstable trochanteric fractures treated 
with the sliding screw-plate system: A biomechanical study of unstable 
trochanteric fractures III. Acta orthopaedica. 1978;49(4):392-397. doi: 
10.3109/17453677809050094. 

126. Parker MJ, Das A. Extramedullary fixation implants and external fixators for 
extracapsular hip fractures in adults. Cochrane library. 
2013;2013(2):CD000339. doi: 10.1002/14651858.CD000339.pub3. 

127. Haddon J, Buciuto R, Johnsen LG. A prospective randomized trial of 100 
patients using trochanteric support plates; worth their mettle? Injury. 
2019;50(3):733-737. doi: 10.1016/j.injury.2019.01.035. 

128. Hsu C, Chiu Y, Tsai S, Lin T, Lee M, Huang K. Trochanter stabilising plate 
improves treatment outcomes in AO/OTA 31-A2 intertrochanteric fractures with 
critical thin femoral lateral walls. Injury. 2015;46(6):1047-1053. doi: 
10.1016/j.injury.2015.03.007. 

129. Babst R, Renner N, Biedermann M, et al. Clinical results using the trochanter 
stabilizing plate (TSP): The modular extension of the dynamic hip screw (DHS) 
for internal fixation of selected unstable intertrochanteric fractures. Journal of 
Orthopaedic Trauma. 1998;12(6):392-399. doi: 10.1097/00005131-199808000-
00005. 

130. Parker MJ, Das A, Parker MJ. Extramedullary fixation implants and external 
fixators for extracapsular hip fractures in adults. Cochrane library. 
2013;2013(2):CD000339. doi: 10.1002/14651858.CD000339.pub3. 



References 

74 

131. Socci AR, Casemyr NE, Leslie MP, Baumgaertner MR. Implant options for the 
treatment of intertrochanteric fractures of the hip: Rationale, evidence, and 
recommendations. The Bone & Joint Journal. 2017;99-B(1):128-133. doi: 
10.1302/0301-620X.99B1.BJJ-2016-0134.R1. 

132. Parker MJ. Sliding hip screw versus intramedullary nail for trochanteric hip 
fractures; a randomised trial of 1000 patients with presentation of results related 
to fracture stability. Injury. 2017;48(12):2762-2767. doi: 
10.1016/j.injury.2017.10.029. 

133. Olsson O. Alternative techniques in trochanteric hip fracture surgery. clinical 
and biomechanical studies on the Medoff sliding plate and the twin hook. Acta 
orthopaedica. 2001;71(s295):1-31. doi: 10.1080/000164702760300295. 

134. Lunsjö K, Ceder L, Thorngren K, et al. Extramedullary fixation of 569 unstable 
intertrochanteric fractures: A randomized multicenter trial of the medoff sliding 
plate versus three other screw-plate systems. Acta Orthop. Scand. 2001;72:133. 
doi: 10.1080/000164701317323372 

135. McCormack R, Panagiotopolous K, Buckley R, et al. A multicentre, prospective, 
randomised comparison of the sliding hip screw with the Medoff sliding screw 
and side plate for unstable intertrochanteric hip fractures. Injury. 
2013;44(12):1904-1909. doi: 10.1016/j.injury.2013.06.017. 

136. Ekström W, Karlsson-Thur C, Larsson S, Ragnarsson B, Alberts K. Functional 
outcome in treatment of unstable trochanteric and subtrochanteric fractures 
with the proximal femoral nail and the Medoff sliding plate. Journal of 
Orthopaedic Trauma. 2007;21(1):18-25. doi: 10.1097/BOT.0b013e31802b41cf. 

137. Gotfried Y. Percutaneous compression plating of intertrochanteric hip 
fractures. Journal of Orthopaedic Trauma. 2000;14(7):490-495. doi: 
10.1097/00005131-200009000-00005. 

138. Carvajal-Pedrosa C, Gómez-Sánchez R, Hernández-Cortés P. Comparison of 
outcomes of intertrochanteric fracture fixation using percutaneous compression 
plate between stable and unstable fractures in the elderly. Journal of 
Orthopaedic Trauma. 2016;30(6):e201-e206. doi: 
10.1097/BOT.0000000000000509. 

139. Long H, Lin Z, Lu B, et al. Percutaneous compression plate versus dynamic hip 
screw for treatment of intertrochanteric hip fractures: A overview of systematic 
reviews and update meta-analysis of randomized controlled trials. International 
Journal of Surgery. 2016;33:1-7. doi: 10.1016/j.ijsu.2016.07.005. 

140. Arirachakaran A, Amphansap T, Thanindratarn P, Piyapittayanun P, Srisawat 
P, Kongtharvonskul J. Comparative outcome of PFNA, gamma nails, PCCP, 
Medoff plate, LISS and dynamic hip screws for fixation in elderly trochanteric 
fractures: A systematic review and network meta-analysis of randomized 
controlled trials. Eur J Orthop Surg Traumatol. 2017;27(7):937-952. doi: 
10.1007/s00590-017-1964-2. 

141. Hongku N, Woratanarat P, Nitiwarangkul L, Rattanasiri S, Thakkinstian A. 
Fracture fixation versus hemiarthroplasty for unstable intertrochanteric 
fractures in elderly patients: A systematic review and network meta-analysis of 
randomized controlled trials. Orthopaedics & Traumatology, Surgery & 
Research. 2021:102838. doi: 10.1016/j.otsr.2021.102838. 

142. Kumar P, Rajnish RK, Sharma S, Dhillon MS. Proximal femoral nailing is 
superior to hemiarthroplasty in AO/OTA A2 and A3 intertrochanteric femur 



 

75 

fractures in the elderly: A systematic literature review and meta-analysis. 
International Orthopaedics. 2020;44(4):623-633. doi: 10.1007/s00264-019-
04351-9. 

143. Handoll HH, Parker MJ. Conservative versus operative treatment for hip 
fractures in adults. Cochrane library. 2008;2010(1):CD000337. doi: 
10.1002/14651858.CD000337.pub2. 

144. Launonen AP, Sumrein BO, Reito A, et al. Operative versus non-operative 
treatment for 2-part proximal humerus fracture: A multicenter randomized 
controlled trial. PLoS medicine. 2019;16(7):e1002855. doi: 
10.1371/journal.pmed.1002855. 

145. Wu J, Yin Y, Jin M, Li B. The risk factors for postoperative delirium in adult 
patients after hip fracture surgery: A systematic review and meta‐analysis. 
International Journal of Geriatric Psychiatry. 2021;36(1):3-14. doi: 
10.1002/gps.5408. 

146. Uzoigwe CE, O'Leary L, Nduka J, et al. Factors associated with delirium and 
cognitive decline following hip fracture surgery. The Bone & Joint Journal. 
2020;102-B(12):1675-1681. doi: 10.1302/0301-620X.102B12.BJJ-2019-1537.R3. 

147. Yang Y, Zhao X, Gao L, Wang Y, Wang J. Incidence and associated factors of 
delirium after orthopedic surgery in elderly patients: A systematic review and 
meta-analysis. Aging clinical and experimental research. 2020. doi: 
10.1007/s40520-020-01674-1. 

148. Zakriya K, Sieber FE, Christmas C, Wenz JF, Franckowiak S. Brief 
postoperative delirium in hip fracture patients affects functional outcome at 
three months. Anesthesia and Analgesia. 2004;98(6):1798-1802. doi: 
10.1213/01.ANE.0000117145.50236.90. 

149. Marcantonio ER, Flacker JM, Michaels M, Resnick NM. Delirium is 
independently associated with poor functional recovery after hip fracture. 
Journal of the American Geriatrics Society (JAGS). 2000;48(6):618-624. doi: 
10.1111/j.1532-5415.2000.tb04718.x. 

150. Kat MG, Vreeswijk R, de Jonghe, Jos F. M, et al. Long-term cognitive outcome 
of delirium in elderly hip surgery patients. A prospective matched controlled 
study over two and a half years. Dementia and Geriatric Cognitive Disorders. 
2008;26(1):1-8. doi: 10.1159/000140611. 

151. Wacker P, Nunes PV, Cabrita H, Forlenza OV. Post-operative delirium is 
associated with poor cognitive outcome and dementia. Dementia and Geriatric 
Cognitive Disorders. 2006;21(4):221-227. doi: 10.1159/000091022. 

152. Kat MG, de Jonghe JF, Vreeswijk R, et al. Mortality associated with delirium 
after hip-surgery: A 2-year follow-up study. Age and Ageing. 2011;40(3):312-
318. doi: 10.1093/ageing/afr014. 

153. Kyziridis TC. Post-operative delirium after hip fracture treatment - A review of 
the current literature. Psychosocial Medicine. 2006;3:Doc01. 

154. Foss NB, Kehlet H. Hidden blood loss after surgery for hip fracture. Journal of 
Bone and Joint Surgery. British volume. 2006;88(8):1053-1059. doi: 
10.1302/0301-620X.88B8.17534. 

155. Li B, Li J, Wang S, Liu L. Clinical analysis of peri-operative hidden blood loss of 
elderly patients with intertrochanteric fractures treated by unreamed proximal 



References 

76 

femoral nail anti-rotation. Scientific Reports. 2018;8(1):3225-6. doi: 
10.1038/s41598-018-21703-4. 

156. Smith GH, Tsang J, Molyneux SG, White TO. The hidden blood loss after hip 
fracture. Injury. 2010;42(2):133-135. doi: 10.1016/j.injury.2010.02.015. 

157. Lin P, Chien J, Hung J, Hong C, Tsai T, Yang C. Unstable intertrochanteric 
fractures are associated with a greater hemoglobin drop during the perioperative 
period: A retrospective case control study. BMC Musculoskeletal Disorders. 
2020;21(1):244. doi: 10.1186/s12891-020-03208-2. 

158. Tian S, Shen Z, Liu Y, Zhang Y, Peng A. The effect of tranexamic acid on hidden 
bleeding in older intertrochanteric fracture patients treated with PFNA. Injury. 
2018;49(3):680-684. doi: 10.1016/j.injury.2018.01.026. 

159. Zhang S, Xiao C, Yu W, et al. Tranexamic acid safely reduces hidden blood loss 
in patients undergoing intertrochanteric fracture surgery: A randomized 
controlled trial. European Journal of Trauma and Emergency Surgery. 2020. 
doi: 10.1007/s00068-020-01387-0. 

160. Arkley J, Taher S, Dixon J, et al. Too cool? Hip fracture care and maintaining 
body temperature. Geriatric Orthopaedic Surgery & Rehabilitation. 
2020;11:2151459320949478. doi: 10.1177/2151459320949478. 

161. Guren E, Figved W, Frihagen F, Watne LO, Westberg M. Prosthetic joint 
infection-a devastating complication of hemiarthroplasty for hip fracture. Acta 
Orthopaedica. 2017;88(4):383-389. doi: 10.1080/17453674.2017.1301009. 

162. Buchheit J, Buchheit J, Uhring J, et al. Can preoperative CRP levels predict 
infections of bipolar hemiarthroplasty performed for femoral neck fracture? A 
retrospective, multicenter study. Eur J Orthop Surg Traumatol. 2015;25(1):117-
121. doi: 10.1007/s00590-014-1449-5. 

163. Bhandari M, Einhorn TA, Guyatt G, et al. Total hip arthroplasty or 
hemiarthroplasty for hip fracture. The New England Journal of Medicine. 
2019;381(23):2199-2208. doi: 10.1056/NEJMoa1906190. 

164. Masters J, Metcalfe D, Ha JS, Judge A, Costa ML. Surgical site infection after 
hip fracture surgery. Bone & Joint Research. 2020;9(9):554-562. doi: 
10.1302/2046-3758.99.BJR-2020-0023.R1. 

165. Pollard TCB, Newman JE, Barlow NJ, Price JD, Willett KM. Deep wound 
infection after proximal femoral fracture: Consequences and costs. Journal of 
Hospital Infection. 2006;63(2):133-139. doi: 10.1016/j.jhin.2006.01.015. 

166. Edwards C, Counsell A, Boulton C, Moran CG. Early infection after hip fracture 
surgery: Risk factors, costs and outcome. The Journal of Bone and Joint 
Surgery. British volume. 2008;90(6):770-777. doi: 10.1302/0301-
620X.90B6.20194. 

167. Westberg M, Grøgaard B, Snorrason F. Early prosthetic joint infections treated 
with debridement and implant retention. Acta Orthopaedica. 2012;83(3):227-
232. doi: 10.3109/17453674.2012.678801. 

168. Blomfeldt R, Kasina P, Ottosson C, Enocson A, Lapidus L. Prosthetic joint 
infection following hip fracture and degenerative hip disorder: A cohort study of 
three thousand, eight hundred and seven consecutive hip arthroplasties with a 
minimum follow-up of five years. International Orthopaedics (SICOT). 
2015;39(11):2091-2096. doi: 10.1007/s00264-015-2989-y. 



 

77 

169. del Toro M, Nieto I, Guerrero F, et al. Are hip hemiarthroplasty and total hip 
arthroplasty infections different entities? The importance of hip fractures. Eur J 
Clin Microbiol Infect Dis. 2014;33(8):1439-1448. doi: 10.1007/s10096-014-
2091-1. 

170. Baumgaertner M, Curtin S, Lindskog D, Keggi J. The value of the tip-apex 
distance in predicting failure of fixation of peritrochanteric fractures of the hip. 
Journal of Bone and Joint Surgery. American volume. 1995;77(7):1058-1064. 
doi: 10.2106/00004623-199507000-00012. 

171. Li S, Chang S, Niu W, Ma H. Comparison of tip apex distance and cut-out 
complications between helical blades and lag screws in intertrochanteric 
fractures among the elderly: A meta-analysis. J Orthop Sci. 2015;20(6):1062-
1069. doi: 10.1007/s00776-015-0770-0. 

172. Murena L, Murena L, Moretti A, et al. Predictors of cut-out after 
cephalomedullary nail fixation of pertrochanteric fractures: A retrospective 
study of 813 patients. Arch Orthop Trauma Surg. 2018;138(3):351-359. doi: 
10.1007/s00402-017-2863-z. 

173. Yam M, Chawla A, Kwek E. Rewriting the tip apex distance for the proximal 
femoral nail anti-rotation. Injury. 2017;48(8):1843-1847. doi: 
10.1016/j.injury.2017.06.020. 

174. Parker MJ. Trochanteric hip fractures fixation failure commoner with femoral 
medialization, a comparison of 101 cases. Acta Orthopaedica. 1996;67(4):329-
332. doi: 10.3109/17453679609002325. 

175. Bretherton C, Parker M. Femoral medialization, fixation failures, and functional 
outcome in trochanteric hip fractures treated with either a sliding hip screw or 
an intramedullary nail from within a randomized trial. Journal of Orthopaedic 
Trauma. 2016;30(12):642-646. doi: 10.1097/BOT.0000000000000689. 

176. Barquet A, Giannoudis PV, Gelink A. Femoral neck fractures after removal of 
hardware in healed trochanteric fractures. Injury. 2017;48(12):2619-2624. doi: 
10.1016/j.injury.2017.11.031. 

177. Driessen MLS, Goessens, M L M J. Complications of implant removal after 
healed hip fractures. Archives of Orthopaedic and Trauma Surgery. 
2020;140(11):1745-1749. doi: 10.1007/s00402-020-03435-1. 

178. Zeng X, Zhan K, Zhang L, et al. Conversion to total hip arthroplasty after failed 
proximal femoral nail antirotations or dynamic hip screw fixations for stable 
intertrochanteric femur fractures: A retrospective study with a minimum follow-
up of 3 years. BMC Musculoskeletal Disorders. 2017;18(1):38. doi: 
10.1186/s12891-017-1415-6. 

179. Müller F, Galler M, Zellner M, Bäuml C, Marzouk A, Füchtmeier B. Peri-
implant femoral fractures: The risk is more than three times higher within PFN 
compared with DHS. Injury. 2016;47(10):2189-2194. doi: 
10.1016/j.injury.2016.04.042. 

180. Chan L, Gardner A, Wong M, Chua K, Kwek E. Non-prosthetic peri-implant 
fractures: Classification, management and outcomes. Arch Orthop Trauma 
Surg. 2018;138(6):791-802. doi: 10.1007/s00402-018-2905-1. 

181. Videla-Cés M, Sales-Pérez J, Sánchez-Navés R, Romero-Pijoan E, Videla S. 
Proposal for the classification of peri-implant femoral fractures: Retrospective 
cohort study. Injury. 2019;50(3):758-763. doi: 10.1016/j.injury.2018.10.042. 



References 

78 

182. Toro G, Moretti A, Ambrosio D, et al. Fractures around trochanteric nails: The 
“Vergilius classification system”. Advances in Orthopedics. 2021;2021:7532583. 
doi: 10.1155/2021/7532583. 

183. Ward JP, Strauss EJ, Tejwani NC. Injury to the superior gluteal artery during 
intramedullary fixation of an atypical subtrochanteric stress fracture: A case 
report. Bulletin of the NYU Hospital for Joint Diseases. 2013;71(4):297.  

184. Fernandes PX, Medeiros DM, Teixeira RC, Nunes AM, Seco AS, Caetano AC. 
Injury to the superior gluteal artery during intramedullary fixation of a proximal 
femoral fracture – A case report. Journal of Orthopaedic Case Reports. 
2020;9(6):27-31. doi: 10.13107/jocr.2019.v09.i06.1574. 

185. Ailaney N, O’Connell R, Giambra L, Golladay G. Superior gluteal artery 
pseudoaneurysm following intramedullary nailing of an atypical femoral 
fracture. BMJ Case Reports. 2019;12(10):e231490. doi: 10.1136/bcr-2019-
231490. 

186. Barquet A, Gelink A, Giannoudis PV. Proximal femoral fractures and vascular 
injuries in adults: Incidence, aetiology and outcomes. Injury. 2015;46(12):2297-
2313. doi: 10.1016/j.injury.2015.10.021. 

187. Sarimo S, Pajulammi H, Jämsen E. Process-related predictors of readmissions 
and mortality following hip fracture surgery: A population-based analysis. Eur 
Geriatr Med. 2020;11(4):613-622. doi: 10.1007/s41999-020-00307-0. 

188. Nurmi-Lüthje I, Tiihonen R, Paattiniemi E, et al. Relatively low and moderate 
pre-fracture serum 25-hydroxyvitamin D levels associated with the highest 
survival in elderly hip fracture patients in finland: A minimum 3-year follow-up. 
Osteoporosis International. 2021. doi: 10.1007/s00198-021-06094-z. 

189. von Friesendorff M, McGuigan FE, Wizert A, et al. Hip fracture, mortality risk, 
and cause of death over two decades. Osteoporos Int. 2016;27(10):2945-2953. 
doi: 10.1007/s00198-016-3616-5. 

190. Trevisan C, Gallinari G, Carbone A, Klumpp R. Fifteen years change in acute 
management of hip fracture patients: 1-year mortality calls for improvements. 
Injury. 2021. doi: 10.1016/j.injury.2021.01.025. 

191. Chang W, Lv H, Feng C, et al. Preventable risk factors of mortality after hip 
fracture surgery: Systematic review and meta-analysis. International Journal of 
Surgery. 2018;52:320-328. doi: 10.1016/j.ijsu.2018.02.061. 

192. Guzon-Illescas O, Perez Fernandez E, Crespí Villarias N, et al. Mortality after 
osteoporotic hip fracture: Incidence, trends, and associated factors. Journal of 
Orthopaedic Surgery and Research. 2019;14(1):203. doi: 10.1186/s13018-019-
1226-6. 

193. Sheehan KJ, Sobolev B, Chudyk A, Stephens T, Guy P. Patient and system 
factors of mortality after hip fracture: A scoping review. BMC Musculoskeletal 
Disorders. 2016;17(1):166. doi: 10.1186/s12891-016-1018-7. 

194. Simunovic N, Devereaux PJ, Sprague S, et al. Effect of early surgery after hip 
fracture on mortality and complications: Systematic review and meta‐analysis. 
Canadian Medical Association Journal. 2010;182(15):1609-1616. doi: 
10.1503/cmaj.092220. 

195. Pincus D, Ravi B, Wasserstein D, et al. Association between wait time and 30-
day mortality in adults undergoing hip fracture surgery. JAMA. 
2017;318(20):1994-2003. doi: 10.1001/jama.2017.17606. 



 

79 

196. Teixidor-Serra J, Ramokgopa MT, Szczeklik W, et al. Accelerated surgery 
versus standard care in hip fracture (HIP ATTACK): An international, 
randomised, controlled trial. The Lancet (British edition). 
2020;395(10225):698-708. doi: 10.1016/S0140-6736(20)30058-1. 

197. Sheehan K, Sobolev B, Guy P. Mortality by timing of hip fracture surgery: 
Factors and relationships at play. Journal of Bone and Joint Surgery. American 
volume. 2017;99(20):e106. doi: 10.2106/JBJS.17.00069. 

198. Ottesen TD, McLynn RP, Galivanche AR, et al. Increased complications in 
geriatric patients with a fracture of the hip whose postoperative weight-bearing 
is restricted: An analysis of 4918 patients. The Bone & Joint Journal. 2018;100-
B(10):1377-1384. doi: 10.1302/0301-620X.100B10.BJJ-2018-0489.R1. 

199. Pajulammi HM, Pihlajamäki HK, Luukkaala TH, Jousmäki JJ, Jokipii PH, 
Nuotio MS. The effect of an in-hospital comprehensive geriatric assessment on 
short-term mortality during orthogeriatric hip fracture Program—Which 
patients benefit the most? Geriatric Orthopaedic Surgery & Rehabilitation. 
2017;8(4):183-191. doi: 10.1177/2151458517716516. 

200. Sarimo S, Pajulammi H, Jämsen E. Process-related predictors of readmissions 
and mortality following hip fracture surgery: A population-based analysis. Eur 
Geriatr Med. 2020;11(4):613-622. doi: 10.1007/s41999-020-00307-0. 

201. Kuorikoski JM, Söderlund TP. Evaluation of a routine follow-up visit after an 
internal fixation of proximal femoral fracture. Injury. 2017;48(2):432-435. doi: 
10.1016/j.injury.2016.12.020. 

202. Ghattas T, Dart B, Pollock A, Hinkin S, Pham A, Jones T. Effect of initial 
postoperative visit radiographs on treatment plans. Journal of Bone and Joint 
Surgery. American volume. 2013;95(9):e57. doi: 10.2106/JBJS.K.01670. 

203. Schultz B, Bishop J, Hall K, Finlay A, Gardner M. Early postoperative 
radiographs have no effect on orthopaedic trauma patientʼs satisfaction with 
their clinic visit. Journal of the American Academy of Orthopaedic Surgeons. 
2020;28(3):e125-e130. doi: 10.5435/JAAOS-D-18-00697. 

204. Van Gerven P, Van Dongen JM, Rubinstein SM, et al. Reduction of routine use 
of radiography in patients with ankle fractures leads to lower costs and has no 
impact on clinical outcome: An economic evaluation. BMC Health Services 
Research. 2020;20(1). doi: 10.1186/s12913-020-05725-1. 

205. van Gerven P, van Dongen JM, Rubinstein SM, et al. Is reduction of routine 
radiograph use in patients with distal radius fractures cost effective? analysis of 
data from the multicentre, randomised controlled WARRIOR trial. BMJ open. 
2020;10(7):e035370. doi: 10.1136/bmjopen-2019-035370. 

206. Hacking C, Weinrauch P, Whitehouse SL, Crawford RW, Donnelly WJ. Is there 
a need for routine follow‐up after primary total hip arthroplasty? ANZ journal of 
surgery. 2010;80(10):737-740. doi: 10.1111/j.1445-2197.2010.05346.x. 

207. Lechtig A, Barghi A, Wolf BT, et al. The utility of post-operative hip 
radiographs in patients treated with hip hemiarthroplasty for femoral neck 
fractures. Injury. 2019;50(8):1448-1451. doi: 10.1016/j.injury.2019.07.005. 

208. Robertson A, Sutherland M, Keating JF. Intramedullary nailing of tibial 
fractures: How often are post-operative radiographs needed? Journal of the 
Royal College of Surgeons of Edinburgh. 2000;45(4):220-222. 



References 

80 

209. MacDonald DRW, Dougall TW, Mitchell M, Farrow L. Can total hip 
arthroplasty for hip fracture be safely performed by trainees? A retrospective 
cohort study. The Journal of Arthroplasty. 2020;35(5):1303-1306. doi: 
10.1016/j.arth.2019.12.030. 

210. Singh P, Madanipour S, Fontalis A, Bhamra JS, Abdul-Jabar HB. A systematic 
review and meta-analysis of trainee- versus consultant surgeon-performed 
elective total hip arthroplasty. EFORT Open Reviews. 2019;4(2):44-55. doi: 
10.1302/2058-5241.4.180034. 

211. Basques BA, Saltzman BM, Mayer EN, et al. Resident involvement in shoulder 
arthroscopy is not associated with short-term risk to patients. Orthopaedic 
Journal of Sports Medicine. 2018;6(12):2325967118816293. doi: 
10.1177/2325967118816293. 

212. Gross CE, MD, Chang, David, PhD, MPH, MBA, Adams SB, MD, Parekh, Selene 
G., MD, MBA, Bohnen JD, MD. Surgical resident involvement in foot and ankle 
surgery. Foot and Ankle Surgery. 2016;23(4):261-267. doi: 
10.1016/j.fas.2016.08.001. 

213. Buckley RE, Moran CG, Apivatthakakul T. AO Principles of Fracture 
Management. NEW YORK: Thieme Medical Publishers; 2017.  

214. Metsemakers W, Morgenstern M, McNally MA, et al. Fracture-related 
infection: A consensus on definition from an international expert group. Injury. 
2018;49(3):505-510. doi: 10.1016/j.injury.2017.08.040. 

215. van Gerven P, El Moumni M, Zuidema WP, et al. Omitting routine radiography 
of traumatic distal radial fractures after initial 2-week follow-up does not affect 
outcomes. Journal of Bone and Joint Surgery. American volume. 
2019;101(15):1342-1350. doi: 10.2106/JBJS.18.01160. 

216. Metsemakers W, Morgenstern M, Senneville E, et al. General treatment 
principles for fracture-related infection: Recommendations from an 
international expert group. Archives of Orthopaedic and Trauma Surgery. 
2019. doi: 10.1007/s00402-019-03287-4. 

217. Velez M, Palacios-Barahona U, Paredes-Laverde M, Ramos-Castaneda JA. 
Factors associated with mortality due to trochanteric fracture. A cross-sectional 
study. Orthopaedics & Traumatology: Surgery & Research. 2020;106(1):135-
139. doi: 10.1016/j.otsr.2019.06.022. 

218. Dougherty P, DeMaio M, DeRosa G. CORR ® curriculum — orthopaedic 
education: Developing safe, independent practitioners. Clin Orthop Relat Res. 
2015;473(12):3710-3713. doi: 10.1007/s11999-015-4582-5. 

219. Nousiainen MT, McQueen SA, Hall J, et al. Resident education in orthopaedic 
trauma: The future role of competency-based medical education. The Bone & 
Joint Journal. 2016;98-B(10):1320-1325. doi: 10.1302/0301-
620X.98B10.37031. 

220. Johnson NA, Uzoigwe C, Venkatesan M, et al. Risk factors for intramedullary 
nail breakage in proximal femoral fractures: A 10-year retrospective review. 
Annals of the Royal College of Surgeons of England. 2017;99(2):145-150. doi: 
10.1308/rcsann.2016.0297. 

221. Dragosloveanu Ş, Dragosloveanu CDM, Stanca HT, Cotor DC, Dragosloveanu 
CI, Stoica CI. A new perspective towards failure of gamma nail systems. 



 

81 

Experimental and Therapeutic Medicine. 2020;20(6):216. doi: 
10.3892/etm.2020.9346. 

222. Azi ML, Aprato A, Santi I, Kfuri M, Masse A, Joeris A. Autologous bone graft in 
the treatment of post-traumatic bone defects: A systematic review and meta-
analysis. BMC Musculoskeletal Disorders. 2016;17(1):465. doi: 10.1186/s12891-
016-1312-4. 

223. Egol K, Nauth A, Lee M, Pape H, Watson J, Borrelli J. Bone grafting: Sourcing, 
timing, strategies, and alternatives. Journal of Orthopaedic Trauma. 2015;29 
Suppl 12:S10-S14. doi: 10.1097/BOT.0000000000000460. 




	ABSTRACT
	TIIVISTELMÄ
	ACKNOWLEDGEMENTS
	CONTENTS
	LIST OF ORIGINAL PUBLICATIONS
	ABBREVIATIONS
	1 INTRODUCTION
	2 REVIEW OF THE LITERATURE
	3 AIMS OF THE STUDY
	4 PATIENTS AND METHODS
	5 RESULTS
	6 DISCUSSION
	7 CONCLUSIONS
	REFERENCES



