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General introduction 
 
The annual incidence of traumatic femoral shaft fractures is approximately 10 per 100,000 

person-years1-3. It is generally assumed that femoral shaft fractures are predominantly seen 

in young men, and mainly caused by a high-energy trauma. High-energy trauma mechanisms 

include motor vehicle accidents, motorcycle crashes, pedestrians struck by vehicles, fall from 

heights, or gunshot accidents. Particularly in high-energy trauma, a variety of associated 

injuries occur and may be life threatening. Related head, thoracic, abdominal, and/or pelvic 

injuries require careful evaluation. Ipsilateral injuries of the lower limb, including femoral 

neck fractures and soft tissue injuries of the knee, such as ligamentous and meniscal lesions, 

are well-documented4-6. These injuries require careful physical and radiologic evaluation, 

because they may be critical in making one’s choice about the intentional femoral 

stabilization technique. Special attention must be paid to the peripheral neurovascular 

status as well as the possibility of a compartment syndrome. Advanced trauma life support 

protocols must be followed in the initial evaluation of these patients. 

An anteroposterior (AP) and a lateral view of the entire femur should be obtained when a 

femur fracture is suspected. Radiographs of the hip and knee should be included in the 

evaluation of femoral shaft fractures. These X-rays must be carefully examined to determine 

the fracture pattern, bone loss, comminution, shortening, bone quality, and presence of air 

in the soft tissues. A CT scan can supplement radiographs of the proximal femur to 

determine an occult femoral neck fracture or a fracture line extension into peritrochanteric 

region. Distally, a CT scan can help to assess intra-articular involvement or detect coronal 

plan fractures7. 

Femoral shaft fractures can be classified by the anatomical location, fracture geometry, 

degree of comminution, or a combination of these items. The AO/OTA classification is based 

on the anatomic location and the morphology of the fracture8. This classification system 

comprises three types (see figure 1), subdivided into nine groups and 27 subgroups. The 

intra- and interobserver reliability of this classification is high for the three types of femoral 

shaft fractures, but is substantially reduced when fractures are sub classified9. Type A 

fractures are considered simple, including spiral, oblique and transverse fracture patterns. 

Type B fractures are wedge fractures, and include spiral wedge, bending wedge and 
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fragmented wedge configurations. Type C fractures are complex shaft fractures with no 

cortical contact between the major proximal and distal diaphyseal segments. 

 

 

Figure 1. The AO/OTA classification of femoral shaft fractures. 

 

Intramedullary nailing is nowadays the treatment of choice for femoral shaft fractures in 

adults. The method includes a closed minimally invasive procedure without interfering with 

the fracture hematoma. Insertion of the nail is distant to the fracture site, which lowers the 

risk of infection. To understand intramedullary nailing, knowledge of its evolution and 

biomechanics are necessary. In the next chapter, a historical overview of the improvements 

in the nail will be given. The femur is the longest, strongest and heaviest bone in the human 

body. It is subjected to considerable axial, bending and/or torsional forces. A torsional force 

can produce a spiral fracture, typically seen in elderly patients. In young adults, a 

combination of transverse, axial and bending forces result in the frequently observed 

transverse and bending wedge fracture patterns. Biomechanically, the cylindrical anatomy of 

the femur makes intramedullary nailing, given the centrally located moment of force, an 
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ideal treatment. Multiple factors determine the final stability of the fracture/implant 

construct. Fracture characteristics that are associated with limited construct stiffness include 

distal fractures, considerable comminution, and poor bone quality10. Important nail 

characteristics are the material properties, the presence or absence of a slot, the wall 

thickness, the cross-sectional shape and diameter, the length and working length, and the 

location, angulation, number, construct and size of interlocking screws10,11. 

Several aspects of intramedullary nailing of femoral shaft fractures must be considered 

during preoperative planning. As part of the preoperative plan, the appropriate length and 

diameter of the femoral nail should be estimated. These measurements can be estimated on 

radiographs of the contralateral femur. A ruler can be used to measure the uninjured femur 

from the palpable greater trochanter to the lateral condyle of the femur to estimate the 

length of the nail. Intra-operatively, the length of the nail can be measured with a guide wire 

and special rulers can be helpful to determine both the length and diameter. 

One of the most common setup for antegrade intramedullary nailing involves a fracture 

table. Longitudinal skin traction is applied to the foot in a boot. Skeletal traction is usually 

not needed, but may be helpful in distal fractures. Alternatively, antegrade nailing can be 

done on a conventional table. Manual traction or a distractor can be applied to gain length 

or to reduce the fracture. With either method, the patient can be positioned in supine or 

lateral decubitus. In one randomized study, manual traction for intramedullary nailing of 

isolated fractures was found to be associated with a shorter fluoroscopy and operative time, 

and improved the quality of the reduction12.  

The choice of the insertion portal is a crucial step during antegrade femoral nailing. A wrong 

selected entry point may lead to intra-operative complications. The choice of entry point for 

the placement of antegrade nails remains controversial13. Interestingly, there is a confusing 

inconsistency between the use of the terms piriform fossa and trochanteric fossa in the 

literature14. The piriform fossa is an extra-capsular skeletal site, a small shallow depression 

on the tip of the greater trochanter at the site of insertion of the piriform tendon. The 

trochanteric fossa is an extra-capsular, deep depression on the medial and posterior surface 

of the greater trochanter at the site of insertion of the obturator externus muscle15. Both the 

piriform fossa and trochanteric fossa can be used as insertion sites depending on the design 

of the nail. Other entry points used in antegrade femoral nailing are the tip or (just) lateral to 

the tip of the greater trochanter. 
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Antegrade femoral nailing is the preferred method for surgical treatment of femoral shaft 

fractures. It is associated with a high rate of union and low rate of infection and 

malrotation16,17. Retrograde femoral nailing is an alternative to antegrade nailing. 

Furthermore, it may be the treatment of choice for femoral shaft fractures in certain clinical 

circumstances in which it may offer an advantage over other techniques. Retrograde nailing 

is recommended in cases of multiply injured patients, associated vascular injury, associated 

spine fracture, bilateral femur fractures, ipsilateral fractures of the acetabulum, femoral 

neck, patella or tibia, ipsilateral through knee amputation, obese and pregnant patients7. 

Whether to use a reamed or unreamed intramedullary nailing technique has been a subject 

of debate for several decades now. There has been concern about the local and systemic 

effects of reaming18. Recently, two systematic reviews19,20 on reamed versus unreamed 

intramedullary nailing of femoral shaft fractures demonstrated comparable results. Despite 

the potential harmful effects of reaming, both reviews showed that reamed nailing is 

associated with a significant lower reoperation rate, a significant higher union rate and a 

significant shorter time to union. Patients undergoing reamed and unreamed nailing have 

comparable rates of mortality, acute respiratory distress syndrome, and implant failure. 

However, patients undergoing reamed nailing have a higher risk of increased blood loss. The 

included studies in both reviews have methodological limitations, and as with any systematic 

review or meta-analysis, there is a potential for publication bias. Both studies raised 

concerns about the risk of bias, and suggested more high-quality randomized controlled 

trials to compare the effects of reamed and unreamed femoral nailing. Although we were 

not able to perform the suggested randomized clinical trials, we performed an in depth 

analysis of our experience with unreamed nailing techniques in acute femoral fractures. 

 

Aim and outline of this thesis 

The aim of this thesis is to assess the outcome of unreamed nailing of acute traumatic 

femoral shaft fractures. Assessment of outcome measures can be divided into clinician-

based and patient-based measurements. The first part of this thesis concerns clinician-based 

measurements such as union rates and range of motion. The second part describes the 

validation and use of patient-based measurements to assess the outcome after nailing of 

femoral shaft fractures. 
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Part 1 

Since 1995 our standard of care for these fractures in adult patients includes, when possible, 

early total care using an unreamed nailing technique. Both antegrade and retrograde nailing 

techniques have been employed in the treatment of our patients. 

We analyzed our experience of more than a decade with unreamed femoral nailing, based 

on the aspects and controversies as outlined above. To understand femoral nailing and how 

it has improved patient outcome, an overview of the historical development from a wooden 

stick to a sophisticated, routinely used, locked nail is given in Chapter 2. Special attention is 

given to the developments of the metallic nail. A major contribution was made by Hey 

Groves, who was the first to publish about the use of metallic pegs in the treatment of 

femoral shaft fractures a century ago just before the start of World War I.  

In chapter 3, the rate of non-union is determined following unreamed antegrade nailing of 

femoral shaft fractures. The incidence of intra- and postoperative complications and implant 

failure following this technique are analyzed as well. Our clinical results are compared to the 

existing literature. 

Retrograde nailing involves insertion of the nail through the knee and may result in septic 

knee arthritis, so in chapter 4, the incidence of this feared complication is reported. 

Additionally, the rate of non-union and implant failure is analyzed. The impact of retrograde 

nailing of femoral shaft fractures on the range of motion of the knee is also studied. 

Introduction of a retrograde nail through the intercondylar notch of the femur may result in 

complaints of pain about the knee during follow-up. In chapter 5, we evaluated the 

occurrence and possible risk factors for knee pain, as well as the relation to knee function 

deficits. 

 

Part 2 

Musculoskeletal injuries may have a deep impact on an individual’s quality of life. Different 

outcome measurement instruments are used in trauma care. Traditional measures of 

outcome include rates of mortality and morbidity, physiological parameters such as 

radiographic evaluation of bone healing, and clinician-based measures of impairment such 

as range of motion. Unfortunately, these measures correlate poorly with the patient’s view 

of the success or failure of health care. Patient-reported outcome measures (questionnaires) 



17 
 

are an important source of information in this context, and provide clinicians with 

information that is complementary to traditional measures. 

The Short Musculoskeletal Function Assessment (SMFA) questionnaire is a frequently used 

patient-reported outcome instrument in both clinical practice and clinical research. The 

questionnaire was developed to study differences in the functional status of patients with a 

broad range of musculoskeletal disorders, including all types of acute injuries. In chapter 6, 

the measurement properties, such as validity and reliability, of the translated and culturally 

adapted Dutch version of the SMFA questionnaire (SMFA-NL) are explored. Normative data 

for the SMFA-NL can be found in chapter 7. Normative data add meaningfulness to scores of 

questionnaires and can be used to assess effectiveness of treatment, or to assess if a patient 

has recovered to a normal level of functioning. We gathered population-based age- and 

gender-specific normative data for the SMFA-NL.  

In chapter 8, the long-term functional outcome following intramedullary nailing of femoral 

shaft fractures is analyzed by using specific patient-reported outcome questionnaires, 

including the SMFA-NL. Different measurement instruments are used to analyze different 

aspects of the patient’s perspective. Additionally, predictors of long-term functional 

outcome scores are determined. 

In chapter 9, the results of this thesis are reviewed and discussed. Recommendations for 

future research are given. 
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Chapter 2 
 

A century of metallic nailing of femoral 
shaft fractures 
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A century of metallic nailing of femoral shaft fractures 

 

Intramedullary nailing of femoral shaft fractures has been accepted as a standard technique 

for several decades now. Its improvement to an established method is believed to extend 

over at least 400 years. The use of metallic nails in femoral shaft fractures started a century 

ago. This overview will highlight the developments from the first attempts to stabilize 

fractures with a metallic splint to the nail currently used. 

Early improvements in femoral nailing were made possible after the recognition of the 

importance of aseptic conditions, the developments in surgical anaesthetics, and the 

discovery of X-rays. Based on pathological and anatomical research as well as his clinical 

observations Semmelweis, a Hungarian doctor, concluded in 1847 that a ‘cadaveric poison’ 

on the hands of his students was the primary source of the puerperal fever. In May 1847, he 

instituted a program for all participants in delivery areas of hand washing, including 

scrubbing with a brush in soap and warm water, followed by a similar wash in chlorine 

water, until the hands became slippery. All instruments, basins, lines, and dressings likely to 

come in contact with the birth canal were disinfected as well. In two years Semmelweis had 

reduced the mortality of puerperal fever from 20% to 1%1. This marked the beginning of the 

‘aseptic age’. 

 

 

Figure 1. Ignaz Phillipp Semmelweis overseeing young doctors washing their hands. 
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Baron Joseph Lister was a British surgeon at the Glasgow Royal Infirmary, and a pioneer of 

aseptic surgery. In August 1865, he successfully introduced phenol to sterilize surgical 

instruments and to clean wounds, with striking results. Postoperative infections were 

reduced and surgery was made safer. Lister initially applied this antiseptic treatment to open 

fractures, which most likely would have become infected and resulted in amputation2-6. The 

discovery of Penicillin in 1928 by Alexander Flemming, a Scottish biologist and 

pharmacologist, further contributed to a decrease in fracture infections, morbidity and 

mortality7. 

Another important development in the practice of surgery was the discovery of general 

anaesthetics. Although the substance now known as diethyl ether was certainly known for 

centuries, William E. Clarke, a medical student from New York, may have used the first ether 

anaesthetic in January 1842. He administered ether from a towel to a young woman, and 

one of her teeth was extracted without pain. Two months later Crawford Williamson Long, 

an American surgeon and pharmacist, administered ether using a towel to a student who 

had two small tumours in his neck. Again, the procedure was painless. The first public 

demonstration of the inhalational anaesthetic was performed in 1846 by William Thomas 

Green Morton, a dentist from Boston who was unaware of Long’s work. After Morton had 

induced anaesthesia, a surgeon named John Collins Warren removed a vascular lesion from 

the left side of his patient, who reported that he was aware of the surgery but suffered no 

pain8. 

Not only for diagnosing fractures, but for intra- and postoperative management as well, 

surgeons use X-ray photographs. This electromagnetic radiation, which he temporarily 

termed ‘X-rays’ using the mathematical symbol for something unknown, was detected in 

1895 by Wilhelm Conrad Röntgen, a physicist born in Germany, but raised in the 

Netherlands. In 1888, he accepted an offer to the Chair of Physics at the University of 

Würzburg, Germany. Since he discovered the X-rays, there was a great effort to determine 

the potential advantages of this radiation in medicine. The benefits, such as visualization of 

fractures, were realised immediately and helped in the development of trauma care. 

However, within months, radiation damage to the hands of the operators was recognized; 

some of the adverse effects took many years to manifest9. 
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Intramedullary nailing: antegrade 

The history of intramedullary nailing of long bone fractures is long and interesting. The first 

written reports of intramedullary fixation methods have been attributed to Bernardino de 

Sahagun, a 16th century anthropologist born in Spain. He reported that Aztec (Central 

Mexico, 1325 AD-1523 AD) physicians placed wooden sticks into the medullary cavity of 

patients with long bone pseudarthrosis. Although several others have used ivory pins for the 

fixation of nonunions of the femur, Heinrich Bircher who was a surgeon from Switzerland, 

described in 1886 the first use of intramedullary stabilization for the acute treatment of 

‘complicated fractures with stark dislocation’. He recommended the use of ivory pins for 

fresh fractures as well as non-unions10. A few years later in 1890, Gluck described the first 

interlocking intramedullary device11. An ivory peg with holes at the end was inserted for the 

treatment of pseudarthrosis. Ivory pins could be passed through the holes, interlocking the 

peg. A biomechanical principle of intramedullary nailing proposed in 1897 by the Norwegian 

surgeon Julius Nicolaysen still holds today. He recommended that the length of 

intramedullary implants should be maximized to offer the best biomechanical advantage12. 

While ivory seemed the material of choice in (femoral) nailing in Europe, in 1917 E.J. 

Hoglund from the United States used autologous bone to stabilize fractures13. A span of 

cortical bone was cut out of the femoral shaft and passed up the medullary canal, extending 

into the proximal and distal fragments. 

An important disadvantage of these organic intramedullary splints was that they were 

absorbed too quickly for internal fixation to be maintained. In addition, the nails were 

seldom long enough to ensure adequate stability of the fracture, and infection and sepsis 

were big problems in the postoperative course. In 1895, Gluck had demonstrated that 

inorganic materials could be used in the treatment of pseudarthrosis14. M. Albin Lambotte, 

generally regarded as the father of modern internal fixation, used in 1906 metallic screws in 

the management of displaced humeral neck fractures. In 1907, he introduced long metallic 

screws at the tip of the greater trochanter into the proximal femur as intramedullary pins for 

the treatment of inter- and subtrochanteric fractures. He also used metallic pins to stabilize 

small bone fractures. He was an innovative surgeon from Belgium who coined the word 

‘ostheosynthesis’, meaning a stable bone fixation rather than a simple restoration of bone 

continuity15,16. 
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A major, nowadays not fully recognized, contribution to intramedullary nailing of femoral 

shaft fractures was made by E.W. Hey Groves, a British surgeon born in India, but raised in 

Bristol. He was a founding member of the British Journal of Surgery and did a huge amount 

of editorial work for 27 years, including the translation of scientific manuscripts from France 

and Germany. 

 

 

Figure 2. Ernest William Hey Groves (1872 – 1944). 

 

A century ago in 1912, he was the first to publish about using metallic pegs and nails for the 

treatment of femoral shaft fractures in animal experiments using cats and rabbits17. During 

World War I, Hey Groves conducted a series of experiments with three- and four-edged 

intramedullary pegs and nails made of bone, ivory and metal18,19. Three types of steel nails 

were tested: solid nails, nails cruciform in section, and hollow tubes with perforations. He 

inserted intramedullary nails through the greater trochanter and across the femoral shaft 

fracture into the distal fragment19. He also tried a method of nailing via the fracture site 

(figure 3). A special drill was inserted in the proximal fragment through the fracture site. It is 

passed all the way through the trochanter and the incised skin. After removing the drill, the 

nail was then inserted into the medulla of the proximal fragment at the fracture site. The nail 

was driven up the trochanter and the skin of the buttock. After reducing the fracture, the 

nail was hammered back until it engaged the distal fragment by several inches. 
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Figure 3. Hey Grove’s technique of intramedullary nailing of femoral shaft fractures (Hey Groves E. On modern 
methods of treating fractures. Bristol: John Wright & Sons Ltd; 1916). 

 

Despite his remarkable contribution to intramedullary osteosynthesis, nailing with steel 

implants was not generally accepted. In the early days of operative treatment of fractures, 

the problem of infection had largely overshadowed the success of intramedullary nailing, 

especially in open fractures which were frequently seen during World War I. Unfavourable 

tissue reaction to metal (bone resorption often occurred with loosening of the nail) was 

another drawback. An additional problem of the technique at that time was the poor quality 

of the available metals. Hey Groves had experimented with aluminium, magnesium, and 

steel17. He had recognized that, apart from asepsis, mechanical stability is essential for fixing 

a fracture.  

He also recognized the basic principles for fracture treatment and fracture healing20. He 

observed that preservation of blood supply to the soft tissues (periosteum) and bone is 

important for new bone formation. Mechanically efficient fixation was necessary for stability 

at the fracture site to avoid postoperative sepsis, and to allow early massage and movement 

of the injured extremity without additional splints or bandages. Other arguments for stable 

fixation he described were shortening the period of confinement to bed and in-hospital stay. 

Stable fixation allowed for early mobilization of the patient, and avoided delayed union of 

the bone. These principles still hold today!  
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Advances in metallurgy, mainly the development of more biocompatible metal alloys, 

brought intramedullary nailing closer to being accepted. Although discovered in 1904 by 

Leon Guillet21, a metallurgist from France, the use of stainless steel in surgery began in 1920s 

when Strauss patented the 18Cr-8Ni stainless steel. This alloy, containing 2-4% molybdenum, 

has sufficient resistance to corrosion when implanted in a human body, and has better 

mechanical properties than normal steel. The successful use of stainless steel for the 

treatment of femoral neck fractures by Smith-Petersen et al22 started in 1931. Previously, 

they used nickel steel, but this was found to be too soft. The new nails were made of rustless 

steel and had 3 flanges making an angle of 120 degrees with one another to offer rotational 

stability. The use of X-ray control to position nails, mainly to internally fix femoral neck 

fractures, made it possible to employ less invasive or closed techniques. Johannsen (1934) 

improved the method of Smith-Petersen by cannulating the nail to allow insertion with a 

guide wire. He implanted the nail distant to the fracture site after closed reduction23. 

All these developments provided a foundation of principles for the treatment of femoral 

shaft fractures with intramedullary nailing. Gerhard Küntscher believed that these basic 

principles would be applicable in the treatment of acute shaft fractures. He wrote: ”Der 

Verfasser ist auf Grund theoretischer Studien über die Knochenbruchheilung und von der 

Praxis der Schenkelhalsnagelung her auf das Prinzip der Marknagelung gekommen”24. 

Küntscher was born in Zwickau, Germany. During his surgical residency, his interest in 

intramedullary nailing was aroused by the early techniques of Smith-Petersen and 

Johannsen. After numerous animal and cadaver experiments, his first intramedullary nailing 

of a femoral shaft fracture was performed in November 1939. His original nail was V-shaped, 

and made of stainless steel. The nail was used for femoral shaft fractures, mainly around the 

isthmus. After placing a guide wire, it was inserted antegrade without reaming. The nail was 

inserted through the trochanter major, while the patient lied on a traction table. The 

reduction of the fracture and the advancement of the nail were examined by radiographs in 

two planes. In May 1940, he presented 13 cases, eleven of which were femoral shaft 

fractures, at a congress of the German Society of Surgery in Berlin25. He stated that the 

application of this elastic nail is not limited to transverse fractures, but also appropriate for 

oblique and most spiral fractures. He further argued that the nail was suitable for other 

interventions, such as osteotomies, arthrodesis, and pseudarthrosis. 
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Figure 4. Gerhard B.G. Küntscher (1900-1972). 

 

Küntscher outlined several advantages. The technique included a closed procedure, not 

interfering with the fracture haematoma. Insertion of the nail was distant to the fracture 

site, which lowered the risk of infection. The stable fixation made immediate functional 

mobility possible with no necessity of an additional support. This led to early weight bearing 

and rehabilitation. Unsurprisingly, Küntscher faced great scepticism, and his concept was 

perceived as unphysiological and merely fashion. In 1942, Küntscher was sent to the north-

eastern Finnish front and worked there for 22 months. He collaborated with local surgeons, 

which resulted in a report of 105 cases using the V-shaped nail26.  

During World War II (WW II), there was some interest in the use of Küntscher’s nailing 

technique as the war resulted in many long bone injuries in soldiers and civilians. In the US 

his method was essentially unknown. At the end of WW II, Time Magazine (March 12, 1945) 

reported about an American soldier who had returned from Germany, and aroused 

American interest in this nailing procedure. Initially the broken femur failed to heal after 

conventional treatment and was secondary internally fixed with a nail. When the US Army 

doctors X-rayed the soldier’s leg, they called the rod technique a daring operation and 

worried about impairment of the blood circulation of the femur.  

Though, the principle of fixation of fractures by longitudinal pins inserted into the medullary 

canal had been advocated in American literature several years earlier. In 1937, the brothers 

Leslie V. and H. Lowry Rush reported their first case of this type of fixation. A year before, 

they used a Steinmann pin to fix a compound Monteggia fracture27. In May 1938, the 

method has been used to stabilize a subtrochanteric fracture after open reduction28. At this 
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time they described a new pin with a collar at the proximal end to prevent its migration into 

the medullary canal. 

In 1942, Fisher reported the use of reamers to increase the contact area between the nail 

and bone, to improve stability of the fixation of the fracture29. Küntscher also advocated 

reaming of the medullary canal over its entire length to ease the insertion of a nail of 

sufficient width, and introduced flexible reamers30. This procedure would result in a stable 

osteosynthesis and allow early weight bearing. As a result of reaming procedures other 

fractures than those near the isthmus could be fixed firmly. Küntscher realized that this 

practise would destroy the endosteum and bone marrow. However, his extensive animal 

experiments and long clinical experience have shown that this method had no effect on the 

bone or on the healing process30. Another possible disadvantage of reamed nailing was the 

presumed risk of the development of a fat embolism syndrome. However, Küntscher had not 

observed any in a period over ten years30. Similarly, Hugh Smith reported in 1950 that he did 

not observe a single case of massive fat embolism in a series of almost 400 reamed 

intramedullary nailing procedures31.  

Küntscher described in his book (1946) a form of locking the intramedullary nail in a few 

cases of osteotomies24. After an osteotomy of the lower extremity, the nail was locked using 

two lateral bolts through an opening at some distance from the osteotomy site. In 1953, 

Modny and Bambara introduced the first transfixion intramedullary nail32. Their nail had 

multiple holes to permit interlocking screws perpendicular to the nail. In a series of 261 

femur fractures, they reported excellent results33. While the indications for the original nails 

without locking were limited to relatively simple fractures of the midthird of the femoral 

shaft, the locking possibilities have increased the application of intramedullary nailing. The 

locked nails could now be used for fractures closer to both ends of the bone. 

By the late 1940s Küntscher stopped using the V-shaped nail in favour of the cloverleaf nail 

to achieve more elastic impingement (figure 5). At the same period, numerous 

intramedullary nails were introduced. Westerborn reported his experience with a V-shaped 

nail which was flanged at the proximal end34,35, Soeur described the use of a U-shaped nail36 

in femur, tibia, and humerus fractures, and the Hansen-Street nail, a solid, straight, 

diamond-shaped nail designed to resist rotation, was introduced in the US37. 
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Figure 5. The V-shaped nail is compressible in one direction, while the cloverleaf is compressible in two 
orthogonal directions. (Reproduced from Küntscher G. The Küntscher method of intramedullary fixation. J Bone 
Joint Surg Am 1958;40(1):17-26.)  

 

In 1968, Küntscher presented his first interlocking nail. This “detensor nail” was the 

precursor of the interlocking nails we currently use (see figure 6). Static interlocking was 

done with unthreaded bolts, and was achieved under fluoroscopy using an aiming device to 

control angulation, shortening, and rotation. This improvement further expanded the 

indications for using intramedullary nailing38. 

 

  

Figure 6. Küntscher’s detensor nail. (Reproduced from Küntscher G. Die Marknagelung des Trümmerbruches. 
Langenbeck’s Arch Klin Chir 1968; 322:1063-1069.) 

 

The introduction of the compression plate in 1946 by Danis39, a surgeon from Belgium, led to 

enormous enthusiasm for open reduction and rigid internal fixation of various fractures with 

plates and screws. He developed two types of screws, one for cortical bone and one for 

cancellous bone. In his opinion, fracture callus was a pathological formation which should be 

avoided. The compression between the bone fragments would produce a mode of healing 
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he called “soudure autogène”, a process now known as primary bone healing. Over the next 

years, the Arbeitsgemeinschaft für Osteosynthesefragen (AO) study group (founded in March 

1958) further investigated and promoted the internal fixation of fractures with plates. In the 

1960s, femoral shaft fractures were treated in various ways at the Department of Trauma 

Surgery of the University Medical Center Groningen40. A review of the methods used during 

this period is presented in figure 7. Two remarkable developments can be noticed. Until 

1964, more than half of the patients were treated by Küntscher nailing without reaming, and 

some 25% received conservative treatment. Nail osteosynthesis was always carried out in 

the same way. The fracture was exposed, and a guide wire was inserted in cranial direction 

through the greater trochanter. After reducing the fracture, a Küntscher nail was introduced 

antegrade over the guide wire. In December 1964, the head of the Department of 

Traumatology (B. Binnendijk, M.D.) visited Küntscher’s clinic. Since then the medullary canal 

was reamed, and the nail was more frequently inserted by a closed method. In 1966, 

Binnendijk attended the A.O. course in Davos, Switzerland. Since, the compression plate 

osteosynthesis according the A.O. was increasingly used. More than 50% of the patients 

were treated using this technique, and femoral nailing was almost abandoned. 

 

 

Figure 7. Schematic survey of the methods of treatment used during the 1960 at our university clinic in 
Groningen. (Reproduced from G. Kootstra: Femoral shaft fractures in adults. A study of 329 consecutive cases 
with a statistical analysis of different methods of treatment. Thesis. University of Groningen. Van Gorcum & 
Comp. B.V. Assen, The Netherlands, 1973.) 

 



32 
 

Certain disadvantages of plating, including deep infection, delayed union, bone loss under 

the plate, re-fracture after plate removal, and less favourable biomechanics, led to a 

reduced interest in plating of the femur and a renewal interest in closed intramedullary 

nailing techniques. At the same time, the development of the image intensifier in the 1960s 

allowed for intramedullary nailing with reduced exposure of radiation to patients and health 

workers. 

In the mean time, Klemm collaborated with Küntscher and adapted his interlocking 

“detensor” nail in the management of (septic) non-unions, corrective osteotomies, and 

comminuted fractures. After several changes in the design, Klemm together with Schellmann 

developed in 1972 a locking nail to address problems of angular deformities and shortening. 

The cloverleaf nail was curved anteriorly to mimic the curvature of the femur. It had a 

tapered tip with one proximal and two distal threaded screws. Interlocking options included 

both static and dynamic locking. Dynamic locking was accomplished by inserting one or two 

screws on only one side of the fracture. The single proximal screw would be inserted at an 

angle of 150°. Threaded into the nail, it was found to provide adequate fixation. Distally, the 

two screws were inserted transversely to prevent saggital angulation, particularly in very 

distal fractures41. 

Grosse and Kempf, contemporaries of Klemm and Schellmann, ultimately developed a 

stronger nail, including a proximal and a distal target device. The angle of the proximal screw 

was altered to 130° to the long axis to increase the bone-implant construct. The two distal 

screw holes were shifted closer to the tip of the nail to allow fixation of more distal 

fractures. Their nail included a proximal cylindrical section, which had an internally threaded 

core, permitting secure attachment of devices for insertion, extraction and proximal 

targeting. Using this nailing system, they reported excellent results in the treatment of 

comminuted and rotationally unstable fractures and non-unions42,43. 

Different locking nails were developed for acute long bone fractures and clinical results 

showed excellent outcomes for both unstable fractures as well as non-unions. In the early 

1980s, there has been a remarkable increase of interest in closed intramedullary nailing for 

the management of long bone fractures in the United States. It has been stimulated by the 

successful experience at Harborview Medical Center in Seattle, Washington44-48. Their 

excellent results in managing femoral fractures replicated those reported in Europe. In a 

classical article (1984), Robert A. Winquist et al reviewed a series of 520 fractures of the 
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femoral shaft in 500 patients who were treated by intramedullary nailing. They described a 

union rate of 99.1% and an infection rate less than 1%48. Since that time, intramedullary 

nailing of femoral shaft fractures has become an internationally recognized treatment 

method.  

A reamed nail was primary used for closed fractures. In the early days, open fractures of the 

femoral shaft were traditionally managed with traction. Theoretical reasons for the 

avoidance of reaming in open fractures include an increased rate of infection and a 

decreased rate of union secondary to the local damage of endosteal blood supply49-51. In 

1979, Pankovich et al52 treated nine of sixteen open fractures immediately with flexible 

Ender nails. These nails were inserted without reaming and they found no infections. 

However, the stability of these flexible nails was not as rigid as that of reamed nails. Other 

concerns regarding local and systemic effects of reaming, such as pulmonary complications, 

further promoted the development of solid nails with a smaller diameter. These nails were 

made of a titanium alloy and inserted without reaming. Initially, these unreamed nails were 

designed as temporary implants in the treatment of tibial shaft fractures with severe open or 

closed soft tissue injury53,54. In early 1990s, the first studies of this unreamed femoral nailing 

procedure in selected clinics showed favourable results55-58. Hammacher et al59 reported 

about 122 patients with traumatic femoral shaft fractures treated with the unreamed 

femoral nail in eight different hospitals by a mixture of surgeons. They concluded that the 

technical and clinical results were comparable to the results of reamed nailing but were not 

as favourable as in the previously reported. 

The choice of the entry point is a crucial step since the selection of the wrong entry point 

may lead to intra-operative complications. Insertion of straight nails through the piriform 

fossa (and trochanteric fossa) has been reported to cause muscular and neurovascular 

complications60, which could result in impaired functional outcome. To avoid these 

problems, Küntscher25,30 advocated a trochanteric entry point. However, using straight nails 

Winquist et al48 noted that an entry point lateral to the tip of the trochanter may result in 

varus malalignment, eccentric reaming of the medial cortex of the proximal fragment or 

comminution at the fracture site. He advocated antegrade femoral nailing in a lateral 

position with a starting point at the piriformis fossa. Although the piriformis fossa is readily 

accessible when a patient is in lateral position, it is more difficult to locate when a patient is 

in supine position, particularly in obese patients61,62. The next step in the evolution of 
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antegrade intramedullary nailing was the design of a new nail with a proximal lateral bend63. 

Using a trochanteric entry point, the nail was intended to facilitate insertion into the 

medullary canal with the patient in supine position. The nail had a proximal valgus bend of 

5°. It was introduced through the tip of the greater trochanter by rotating the nail 90° on 

insertion, such that the anterior bow was apex medial. This would point the tip of the nail 

away from the medial cortex and avoid iatrogenic comminution on the medial site. Once the 

nail was introduced beyond the fracture zone, it would be progressively derotated. The 

design of this nail would reduce the risk of varus malalignment as well.  

Recently, two prospective randomized studies have been published comparing the 

trochanteric with the piriformis entry point for stabilization of femoral shaft fractures64,65. A 

specially designed femoral nail inserted through the greater trochanter resulted in equally 

high union rates and patient-reported outcome scores. There were no significant differences 

between the two entry points with regard to iatrogenic comminution or malalignment. 

However, the average operative time and fluoroscopy time were significantly shorter in the 

trochanteric entry group, particularly in obese patients. Overall incidence of heterotopic 

ossification did not differ between the groups, but severe heterotopic ossification was seen 

significantly more often in the piriformis group65. 

Recent studies66,67 provide evidence for a helically shaped intramedullary nail to be used in 

femoral fractures (see figure 8). Fernandez Dell’Oca66 postulated the rationale for a helical 

geometry of the nail to reduce localized cortex stress and femoral bursting during nail 

insertion and removal. The nail is introduced through a more lateral trochanteric entry point 

and may reduce the likelihood of iatrogenic intraoperative complications. Based on the work 

of Fernandez Dell’Oca, Ehmke et al67 used human cadaveric femurs to analyze the spatial 

pathway of a reamed intramedullary canal. They demonstrated that a helical nail was found 

to fit the intramedullary canal over 59% of the midshaft length, with an entry site located 8 

mm lateral from the trochanteric tip and 7 mm posterior to the midline of the greater 

trochanter.  
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Figure 8. The femur has a helical geometry. 

 

 Intramedullary nailing: retrograde 

In 1950, A. Lezius introduced retrograde nailing for the treatment of inter- and 

subtrochanteric femoral fractures68. Small-diameter flexible nails were inserted through the 

medial femoral condyle and passed proximally across the fracture into the femoral neck. In 

the seventies, several authors including Küntscher69 introduced the nails through the medial 

femoral condyle into the femoral head to treat trochanteric fractures. Küntscher69 had 

developed a cloverleaf cross-section nail, which was inserted over a guide wire across the 

fracture into the femoral head. A small pin was inserted into a distal hole in the nail to 

prevent its extrusion. He argued that this method would result in a firm fixation of the 

fractures with a short operation time, and that early weight bearing was possible. The 

retrograde nailing method was further popularized by Ender70,71, who used three or four 

smooth pins inserted through the medial condyle. 

L.J. Harris, who coined the term ‘retrograde nailing’ in 1980 to distinguish this method from 

the antegrade approach, developed a new nail to simplify the surgical procedure and to 

reduce the incidence of complications such as possible penetration of the femoral head, 

external rotation deformity, and distal migration of the nail72. This solid nail was diamond-

shaped in cross section, and had a proximal bend of 160 degrees to the shaft. This proximal 

portion would be passed into the femoral neck and head, aligning parallel to the loading 

forces in the proximal femur. This titanium nail was inserted retrograde via the medial 

condyle, and used in the treatment of inter- and subtrochanteric fractures.  
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Retrograde nailing of femoral shaft fractures was first reported by Swiontkowski et al73 in 

1984, also using a distal medial metaphyseal approach. The junction of the distal femoral 

articular cartilage and the medial metaphyseal supracondylar flare was recommended as the 

insertion site. They treated ipsilateral femoral neck and shaft fractures by first stabilizing the 

femoral neck with multiple cancellous screws, followed by reamed retrograde nailing of the 

shaft fracture. This resulted in good long-term functional results and minimum 

complications73. Sanders et al74 expanded the indications for retrograde nailing to include a) 

poly-traumatized patients requiring multiple simultaneous procedures, b) ipsilateral 

acetabular or pelvic fractures in order not to compromise subsequent surgical approaches in 

this region, and c) pregnancy with the purpose to minimize radiation exposure. Their 

preferred insertion site was placed further away from the articular surface, a point 2 cm 

medial to the articular cartilage of the medial femoral condyle. In an attempt to reduce the 

incidence of valgus malreduction seen when using a straight nail, they employed in the 

majority of cases an AO Universal Tibial nail because distally the nail more closely resembled 

the shape of the distal medial condyle. 

The most favourable entry point for insertion of an intramedullary nail is in line with the axis 

of the shaft. In order to achieve this in retrograde nailing of femoral shaft fractures, an intra-

articular entry site at the intercondylar notch would be required. In 1985, S.A. Green started 

using the Huckstep interlocking nail to manage comminuted and unstable supracondylar 

Figure 9. Harris retrograde nailing technique: the titanium nail with a proximal 
bend of 160 degrees was inserted retrograde via the medial condyle of the femur 
in the treatment of inter- and subtrochanteric fractures

72
. 
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fractures of the femur75. To overcome certain deficiencies of this nail, he developed a new 

nail. The nail was cannulated and curved to allow insertion over a guide wire through the 

non-articular section of the femoral notch. Thicker (6.5 mm) cancellous screws were 

employed for adequate fixation in the condylar portion of the femur. This nail was inserted 

through the intracondylar notch into the femoral canal (see figure 10). Exposure of the notch 

was achieved by entering the flexed knee through an incision on the medial side of the 

patellar tendon. 

 

 

Figure 10. The proper starting point for retrograde nailing should be at the apex of the Blumensaat line (solid 
black line), slightly anterior to the posterior cruciate ligament origin. 

 

In 1995, B.M. Patterson et al76 reported the first case series including 14 patients with 

femoral shaft fractures, which were treated using an intercondylar approach. They pointed 

out that the relative indications for retrograde nailing of femoral shaft fractures include 

femoral shaft fractures associated with a traumatic arthrotomy of the knee, a through-knee 

traumatic amputation, or an ipsilateral femoral neck fracture. A femoral shaft fracture 

ipsilateral to an acetabular fracture that requires an iliofemoral or posterolateral approach 

was considered a relative indication as well. Retrograde nailing may be advantageous in 

patients with closed head injuries as these patients have a high incidence of severe 

heterotopic ossification following hip surgery76. On the basis of preliminary results of 20 

consecutive multiply injured patients, Moed and Watson77 concluded that retrograde nailing 

is safe and effective in these patients. In a second series, Moed et al78 used broader inclusion 

criteria for retrograde nailing, mimicking the patient populations used in the antegrade 

femoral nailing literature. Interestingly, as the included patients became more comparable 

to the antegrade nailing patients so did the results. Union rate in their first study increased 
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from 86% to 94% in the second study. Since then the indication for retrograde nailing of 

femoral shaft fractures has expanded. Retrograde femoral nailing is recommended in cases 

of polytrauma, ipsilateral pelvic and acetabulum fractures, ipsilateral femoral neck fractures, 

ipsilateral patella or tibia fractures, bilateral femur fractures, ipsilateral through knee 

amputation, obese and pregnant patients77,79-83. 

 

Future advancements in the nail 

Some new technologies to improve the nailing procedure are clinically available at this 

moment. Intramedullary nails have been developed that provide angular stable fixation as 

an alternative to conventional locking screws. These nails can be used in cases where 

increased stability is needed, such as in fractures close to the metaphysis and in osteoporotic 

bone. A new development is surface engineering of the nails. To avoid colonization and 

(deep) infection, the implant surface can be coated with antibiotics. To minimize the 

radiation exposure and surgical time, external jigs are employed for distal interlocking of 

femoral nails. Another improvement is the addition of sensor technology to permit targeting 

and screw insertion. Telemetry with sensors to acquire strain measurements during bone 

healing is used in the development of sophisticated nails in order to monitor fracture healing 

in patients. This new information will be useful with regard to implant design, biomechanics 

of fracture fixation and healing process. 

 

Conclusion 

Regardless of the implants utilized, the ultimate goals of internal fixation of fractures have 

always been to induce bone healing and allow early rehabilitation. The developments in 

aseptic surgery, anaesthesia and antibiotics made surgical interventions in fracture 

treatment possible. Although principles of safe surgery, such as sound anatomical 

knowledge, a careful exposition of the bone, including easy access and prevention of 

unnecessary injury to soft tissues, are well known for a long time, they still hold true to the 

present day. 

Organic splints, such as wood and ivory, have been used in the treatment of femoral shaft 

fractures for centuries. The nailing of femoral shaft fractures has improved substantially 

since the beginning of the 20th century. The introduction of metallic nails, a century ago, was 

dominated by problems due to infection and mechanical instability. Although improvements 
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in biomechanical properties of the medullary implant brought this technique closer to 

acceptance, many principles of fracture treatment from the early days still hold today. In this 

overview, some of the pioneering work of those who contributed to optimize the nailing 

technique has been highlighted. And yet, the evolution of femoral nailing continues. 
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Abstract 

 

Introduction: Stabilization of fractures with an intramedullary nail is a wide-spread 

technique in the treatment of femoral shaft fractures in adults. To ream or not to ream is 

still debated. Primary objective of this study was to determine the incidence of non-union 

following unreamed intramedullary stabilization of femoral fractures. Secondary objectives 

were intra- en postoperative complications and implant failure.  

Methods: Between March 1995 and June 2005, 125 patients with 129 traumatic femoral 

shaft fractures were treated with the unreamed femoral nail. From this retrospective single 

center study, 18 patients were excluded due to insufficient follow up data, including one 

patient who died within 2 days after severe head injury. Sixty-six patients had suffered 

multiple injuries. 21 Fractures were open. According to the AO classification, there were 54 

type A, 42 type B, and 14 type C fractures. Dynamic proximal locking was performed in 44 

cases (36 type A and 8 type B fractures). 

Results: Non-union occurred in 2 patients (1.9%; one type B and one type C fractures). Intra-

operative complications were seen in 3 patients (2.8%). Postoperative in-hospital 

complications occurred in 29 patients (27%). Local superficial infection occurred in 2 patients 

(1.9%), there were no cases of deep infection. Implant failure occurred in 3 patients (2.8%): 

nail breakage was seen in 2 patients. 

Conclusion: In this study, the incidence of non-union following unreamed intramedullary 

nailing is low (1.9%) and comparable with the best results of reamed nailing in the literature. 
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Introduction 

Intramedullary nailing has become the standard treatment for diaphyseal femoral fractures. 

Proximal and distal locking of the intramedullary nail provides length- and rotation stability. 

Antegrade reamed femoral nailing is popular. It has a high rate of union and low rates of 

infection and malunion2,8,39,41,42,43,44. 

Several concerns have risen regarding the local and systemic effects of reaming. Reaming 

disrupts the cortical blood flow36 and may cause variable degrees of thermal necrosis20, 31. 

With reaming procedures, the elevated intramedullary pressure37 can result in intravasation 

of fat and bone marrow contents4,28,38. Reamed femoral nailing is associated with greater 

impairment of immune reactivity12 and with an increased consumption of coagulation 

factors34. Intramedullary nailing also results in stimulation of the inflammatory system25. 

These systemic changes may contribute to pulmonary morbidity in patients with trauma. 

To address these disadvantages of the reaming technique, solid nails with a smaller diameter 

were developed. Proponents of the unreamed nailing technique state that unreamed nails 

are faster to insert, i.e. less operation time, and have favourable results similarly to the 

reamed nails15,30,33. 

Whether to ream or not is still debated. Comparative studies give conflicting results and 

have small numbers of patients10,13,15,30,32,33,35. 

We report our single center results of treating femoral fractures using unreamed femoral 

nails (UFN). Primary objective of this study was to determine the rate of non-union. 

Secondary objectives were intra- and postoperative complications and implant failure. 

 

Patients and Methods 

Between March 1995 and June 2005, 125 patients with 129 acute, traumatic femoral shaft 

fractures were treated by antegrade unreamed femoral nailing (UFN) at the University 

Medical Centre Groningen, The Netherlands. All patients were skeletally mature. Patients 

with a pathologic fracture of the femur and patients who underwent secondary operations 

with an UFN were excluded. 

Clinical records and radiographs were reviewed by two authors (MM and KWW). From this 

retrospective single center study, 18 patients were excluded due to insufficient follow up 

data, including 11 patients who were transferred to other hospitals, one patient died in the 

early postoperative period after severe head injury, 3 patients died during follow up within 4 
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months due to reasons not related to their trauma and 3 were excluded for other reasons. 

There were 83 male and 24 female patients with an average age of 27 years (range 16-74 

years). Fractures were caused by traffic accidents in 95, by fall in 5, by sports/recreational 

activities in 4, and by other causes in 3 patients. Three patients sustained bilateral femoral 

fractures. 66 Patients (62%) had multiple injuries. The average Injury Severity Score (ISS) was 

15.6. Forty-two patients (39%) had an ISS ≥ 16.  

According to the AO classification, we identified 54 type A, 42 type B, and 14 type C 

fractures. Ten fractures were localized in the proximal third of the femur, 98 in the middle 

third, and 2 in the distal third. Open fractures were seen in 21 patients (19%). According to 

Gustilo grading, there were 13 grade I, 6 grade II, and 2 grade III soft-tissue injuries. 

All implants used were 9 mm solid nails of titanium alloy (Synthes®). Primary dynamic 

proximal locking was performed in 44 cases (36 type A and 8 type B). In these patients full 

weight bearing was permitted after 7-10 days. The nails were statically locked in 66 patients. 

These patients were allowed progressively full weight bearing after six weeks. Dynamization 

was performed in 42 cases to assist union.  

There is no universally accepted definition of non-union. We defined non-union as failure of 

clinical and radiological union at one year. 

 

Results 

Non-union was seen in 2 patients (1.9%). The first nineteen years old male had a closed type 

C1 midshaft fracture. His tobacco use may have negatively affected bone healing. Although 

the nail was dynamized, union was not achieved.  After bone grafting, the non-union 

subsequently healed. The second 74 years old male with a history of cardiac diseases had a 

closed type B2 midshaft fracture. The use of calcium carbasalate (nonsteroidal anti-

inflammatory drug) and smoking may have been risk factors for non-union. After the UFN 

was exchanged for a reamed retrograde femoral nail (Distal Femoral Nail (DFN), Synthes®), 

the fracture united.  

Intra-operative complications occurred in 3 patients (2.8%). One patient sustained 

neuropraxia of the ischiadic nerve that resolved spontaneously. In another patient, an 

iatrogenic fracture of the neck of the ipsilateral femur had to be treated with cannulated 

screws (Miss-A-Nail locking). A drill bit broke during the operative procedure in a third 

patient and was removed. 
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In total, 29 patients (27%) sustained postoperative in-hospital complications. Local 

superficial infection occurred in 2 patients (1.9%). There were no cases of deep infection. 

Although pulmonary complications were seen in 10 patients, including pneumonia, 

pulmonary embolism, pneumothorax, laryngeal oedema, laryngeal spasm, and retention of 

sputum, no cases with an obvious relation to the intramedullary nailing procedure like adult 

respiratory distress syndrome (ARDS) or fat embolism syndrome were seen. 

Implant failure was seen in three patients (2.8%). Two nails broke, one after a new trauma. 

In a third patient, one of the distal locking screws broke without compromising fracture 

healing. 

 

Discussion 

The rate of non-union in our study is 1.9%. A non-union rate of less than 2% is comparable to 

the best results in the series in which the femoral shaft was reamed2,41,43. Several 

retrospective single center studies of unreamed intramedullary nailing have reported non-

union rates ranging from 0% to 2.1%1,18,19. Hammacher et al17 reported in their multicenter 

UFN trial a non-union rate of 5.1%.  

Comparative studies of reamed and unreamed intramedullary nailing give conflicting results 

and have included relatively small numbers of patients10,15,30,32,33,35. Reynders30 and 

Giannoudis et al15 found no difference in the rate of non-unions in their studies. Both 

authors recommend the use of an unreamed technique as it is quicker to insert and perform 

similar to the reamed technique. Several prospective, randomized trials10,13,32,33,35 have been 

published comparing reamed and unreamed antegrade femoral nailing. The rate of non-

union ranged from 1-2% in the reamed group and from 0-8% in the unreamed group10,32,35. 

Clatworthy et al13 discontinued their trial because of high rate (13%) of implant failure in 

both groups. Nonetheless, they reported that the time to union was more than 9 months in 

18% of the reamed group (n=23) compared to 57% of those in the unreamed group (n=22). 

Tornetta and Tiburzi35 analyzed eighty-three fractures that had reamed nailing and eighty-

nine fractures that had nailing without reaming. They found a significant shorter time to 

union for the reamed group compared to the unreamed group. This was most evident in the 

distal femoral fractures. Selvakumar et al32 randomized one hundred and two consecutive 

patients with closed femoral shaft fractures into two groups, one reamed group (n=52) and 
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another unreamed group (n=50). They found that the rate of non-union was 0% and 8%, 

respectively. In a multicenter clinical trial10, the Canadian Orthopaedic Trauma Society 

enrolled 224 patients to compare the rate of non-union after reamed and unreamed femoral 

nailing. They reported that 7.5% of the 107 fractures in the unreamed group had a non-

union compared to 1.7% of the 121 fractures in the reamed group (p=0.049). 

There are several methodological limitations to the quality of these randomized studies. 

None of these trials included the 420 patients that were needed to provide acceptable 

power (80%) to detect a difference in non-union rate without the risk of a type I error10. In 

one study32, the method of randomization was not mentioned, other studies33,35 were 

pseudo-randomized. Only two trials33,35 stated that the outcome observers were blinded to 

the treatment. Another limitation is the absence of a clear definition of non-union in the 

literature. Only one of these randomized studies10 clearly defined non-union. Furthermore, 

several risk factors for non-union were not quantified.  

According to the Detsky14 quality scale for randomized trials, there is only one10 high quality 

study and 4 moderate quality studies13,32,33,35. From these studies, the grade of 

recommendation could only be "probably do it", indicating that a majority of surgeons 

would ream the femoral canal before nailing but a substantial minority would not, based on 

different patient scenarios or population29. Based on our experience and reflecting the 

literature with a non-union rate of 1.7%, we find no indication to ream the medullary canal 

in cases of traumatic femoral shaft fractures. 

Reaming of the femoral canal has been shown to increase the intramedullary pressure, 

including intravasation of bone marrow and fat into the venous blood system4,28,37,38. The 

elevated pressure can result in fat embolism syndrome (FES), adult respiratory distress 

syndrome (ARDS), and even sudden death. In our study with unreamed femoral nailing there 

were no cases of FES or ARDS. To what extent reaming increases the risk for pulmonary 

complications is still unclear. Pape et al24,26 have suggested that reaming the femoral canal 

may have a detrimental effect on pulmonary function and recommended nailing without 

reaming to reduce the risk of ARDS. Buckley et al9 reported in a prospective, randomized 

study of 153 patients with isolated femoral fractures no difference in pulmonary 

complications for reamed versus unreamed intramedullary nails. In a large prospective, 

randomized, multicenter study, the Canadian Orthopaedic Trauma Society11 found no 

significant difference in ARDS between the reamed and unreamed groups. They also 
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reported that the ARDS rate was too low to detect a significant difference. Bosse et al6 

reported in a retrospective, comparative study no significant difference regarding the 

incidence of ARDS, pneumonia, pulmonary embolism, multiorgan failure, or death between 

the reamed and unreamed groups. Bone et al5 confirmed these findings and made the 

recommendation that patients with pulmonary injuries and femoral fracture should have 

reamed intramedullary stabilization unless they are hemodynamically unstable. In these 

latter cases, they recommended early stabilization, but with use of an unreamed nail or 

plating technique. In a prospective, randomized study, Anwar et al3 suggested that the 

severity of initial pulmonary injury is the most important factor in determining which patient 

will have a pulmonary complication. The contribution of reaming to pulmonary morbidity is 

probably small, but might be clinically significant. 

In this study, the incidence of infection is low (1.9%). This is comparable with other studies. 

The reported incidence of infection complicating reamed intramedullary nailing varies from 

0% to 3.3%2,41,42,43. The infection rate in patients treated with unreamed nailing ranges from 

0% to 2.9%1,17,18,19. However, in open femoral fractures the risk of infection is increased and 

varies from 2.4% to 4.8%7,21,22,40. Retrospective and prospective comparative 

studies15,23,30,33,35 reported no significant difference in infection rate between reamed and 

unreamed nailing. 

Our study is limited since it is a retrospective analysis. Furthermore, there is no control 

group and several risk factors for non-union, such as nicotine abuse, use of NSAID’s and 

traumatic bone loss, were not quantified. However, the sample size is acceptable.  

This study does suggest, however, that the incidence of non-union following unreamed 

intramedullary nailing is low in a selected trauma center and is comparable with the best 

results of reamed nailing in the literature. The debate of whether to ream or not still 

continues. A large multicenter, randomised, controlled trial with sound methodology is 

needed to make a solid recommendation.  
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Chapter 4 

 

The incidence of septic arthritis is low 

after retrograde nailing of 

femoral shaft fractures 
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Abstract 

 

Introduction: Several concerns have been raised about retrograde intramedullary nailing of 

femoral shaft fractures, including septic arthritis. The purpose of this study was to evaluate 

the infectious complications in retrograde nailing of femoral shaft fractures, particularly the 

incidence of septic arthritis of the knee. 

Patients and methods: All patients who have been treated with a retrograde nail for 

traumatic femoral shaft fractures between January 1998 and December 2012 were 

retrospectively reviewed. In this study, 120 patients with 134 femoral shaft fractures were 

included, including 25 open fractures. All nails were inserted without reaming. The minimal 

follow-up was one year in all cases.  

Results: Septic arthritis was seen in one patient (0.75%; 95% CI: 0.04 – 4.7%) after a closed 

type B3 femoral shaft fracture. There was one case of osteomyelitis (0.75%; 95% CI: 0.04 – 

4.7%) at the fracture site after a grade III open, type B3 femoral shaft fracture along with 

critical injury to the superficial femoral artery. This eventually resulted in an above knee 

amputation. There were no other cases of osteomyelitis, particularly not in the group of 

open fractures. Non-union was seen in 8 patients (6.0%; 95% CI: 2.8-11.9%). 

Conclusion: The incidence of septic arthritis following treatment of femoral shaft fractures 

with retrograde nailing is low. This study shows that retrograde nailing is an acceptable 

treatment of femoral shaft fractures. 

 

 

 

 

 

 

 

 

 

 

 

 



63 
 

Introduction 

Intramedullary nailing is the treatment of choice for stabilisation of femoral shaft fractures. 

Interlocking nails can be inserted via the antegrade or retrograde approach. Antegrade 

femoral nailing is a wide-spread technique and has demonstrated high rates of healing and 

low rates of infection and malunion1-6. Disadvantages of antegrade nailing of the femur 

include the risk of injury to the hip abductors or its nerve supply7, limited application of this 

approach to the combined ipsilateral femoral neck and shaft fractures, difficulty in finding 

the entry point, especially in obese patients8, 9, the risk of heterotopic ossification around 

the hip 10, 11, and implant related pain12.  

Retrograde nailing involves insertion of the nail through the intercondylar notch of the 

femur and may result in knee related complications, including infection, damage to the 

articular cartilage and persistent knee pain11, 12. The advantages of retrograde femoral 

nailing include no need for a fracture table, ease of entry point, and accessibility for 

performing additional surgical procedures with the patient in a supine position13. It is also 

thought that retrograde nailing is faster than antegrade nailing14, although prospective 

randomised studies did not confirm this12, 15. Retrograde nailing has been recommended in 

cases of polytrauma; ipsilateral pelvic, acetabular, tibial and femoral neck fractures; bilateral 

femur fractures; obese and pregnant patients11, 12, 14, 16-18. 

Several concerns have been raised about retrograde nailing, including the incidence of non-

union, knee complications, malalignment, and shortening. We conducted this retrospective 

study primarily to evaluate the incidence of septic arthritis of the knee after retrograde 

intramedullary nailing of traumatic femoral fractures. Secondary endpoints were deep 

infection, osteomyelitis, nonunion and knee range of motion. 

 

Patients and Methods 

In a period of 14 years (1998 – 2012), 148 patients with 162 femoral fractures were treated 

with retrograde intramedullary nailing. Indications for retrograde nailing included 

polytrauma (thoracic injury, abdominal injury, and spinal injury); ipsilateral acetabulum, 

pelvis, tibia or femoral neck fractures; bilateral femoral fractures, and extreme adipositas. 

Patients were excluded if they had a pathologic fracture (n=5) or insufficient follow-up data 

(n=23), including 10 patients who were transferred to other hospitals, 5 died in the early 

postoperative period (< 2 week), and 2 were excluded secondary to refusing follow-up visits. 
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All patients were skeletally mature. The remaining 120 patients had 134 traumatic femoral 

shaft fractures. Half of these patients had ipsilateral lower limb injuries (95.5% of them had 

ipsilateral fractures). A Distal Femoral Nail (DFN, Synthes®) was used to stabilise 53 femoral 

shaft fractures, an RAFN (Synthes®) in 42 femoral fractures, and an ACE nail (Depuy®) was 

used in the remaining cases. All nails were inserted without reaming. Primary dynamic 

locking was performed in 38 fractures. In these patients full weight bearing was permitted 

after wound healing. The nails were statically locked in 96 fractures. These patients were 

allowed progressively full weight bearing after 6 weeks. 

Medical records and radiographs were reviewed by two authors (MM, DEJF). Variables that 

were retrieved included age, sex, mechanism of injury, associated injuries, injury severity 

score (AIS-ISS), AO/ATO type of fracture, degree of soft tissue injury, and type of used nail. 

For each patient, we specifically recorded septic arthritis, superficial (involving skin and 

subcutaneous tissues) and deep (involving deep tissues, e.g. fascia, muscle) infections, 

osteomyelitis, and non-union. Septic arthritis was defined as arthritis caused by any 

infectious organism. Osteomyelitis was defined as an inflammatory process, localized to the 

bone, accompanied by bone destruction and caused by an infecting microorganism19. Non-

union was regarded as failure of clinical and radiological union at 1 year. Minimal follow-up 

was 1 year in all cases. The knee range of motion (ROM) was obtained at the latest follow-up 

visit. The patients were followed at regular intervals with clinical and radiographs at 6 weeks, 

3, 6, 9, 12 and 18 months postoperatively. Formal ethical approval and written informed 

consent were not required for this retrospective case series. 

Descriptive statistics and 95% confidence intervals (95% CI), using the Wilson score interval, 

were calculated with the use of PASW Statistics for Windows, version 20.0 software (SPSS 

Inc., Chicago, IL). 

 

Results 

Demographics of the study population are presented in Table I. There were 85 male and 35 

female patients with an average age of 39 years (range 16-88 years). Fractures were caused 

by traffic accidents in 95, by fall in 13, and by other causes in 12 patients. The mean injury 

severity score (AIS-ISS) was 18 (range 9-66). Fifty-six patients (47%) had an AIS-ISS≥16. 

According to the AO/OTA fracture classification system, we identified 47 type A, 59 type B,  
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Table I. Characteristics of the study group. 

Variable  

Age (in years) 

Injury Severity Score 

Sex (M/F) 

Mechanism of injury 

- traffic accident 

- fall from height 

- other 

 

Side of fracture (R/L) 

Type of fracture 

- Closed 

- Open 

 

 - Gustilo grade I 

 - Gustilo grade II 

 - Gustilo grade III 

AO/OTA classification 

- A 1-3 

- B 1-3 

- C 1-3 

39 (range 16 – 88) 

18 (range 9 – 66) 

85/35 

 

95 

13 

12 

 

72/62 

 

109 

25 

 

10 

8 

7 

 

47 

59 

28 

 

and 28 type C fractures. Open fractures were seen in 25 patients. According to Gustilo open 

fracture classification, there were 10 grade I, 8 grade II, and 7 grade III soft-tissue injuries. 

Septic arthritis of the knee, which became first manifest after 2 years, was seen in one 

patient (0.75%; 95% CI: 0.04 – 4.7%). By that time, the fracture (a closed type B3 fracture) 

was healed. Intraoperative cultures were positive for Staphylococcus Areus. The same 

species was found in blood cultures in the early postoperative period due to peripheral vein 

suppurative thrombophlebitis. The DFN was removed, the intramedullary canal was reamed 

and surgical drainage of the knee was performed. Additional antibiotic treatment was given 

for 6 weeks. There was no persistent knee pain and the knee function restored completely, 

i.e. no extension deficit and flexion of 120°.  
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There was one patient (0.75%; 95% CI: 0.04 – 4.7%) with multiple injuries (AIS-ISS=25) who 

developed osteomyelitis at the traumatic site after a grade III open, type B3 femoral shaft 

fracture along with critical injury to the superficial femoral artery. This eventually resulted in 

an above knee amputation. A multidrug resistant Acinetobacter Baumannii was isolated 

from blood cultures. This specimen was also isolated from the open fracture site and the 

knee. In all other patients (n=118) there were no cases of osteomyelitis, particularly not in 

the group of open fractures (n=25). 

Evaluating the fracture union process we observed the following. To promote union 

secondary dynamization was performed in 19 of the 96 initially statically locked fractures. In 

two fractures cancellous bone graft procedures had to be performed; one procedure after 

four months was needed to come to union in one fracture; in the second fracture with a 

critical bone defect of 8.2 cm several grafting procedures were needed to come to union (a 

period of longer than one year). 

After one year eight non-unions (6.0; 95%; CI: 2.8 – 11.9%) were observed. There were three 

open fractures and five closed fractures, none was infected. Four of those eight non healed 

fractures were successfully treated with removal of the nail, bone grafting and plate fixation. 

In two non-unions the bone went on healing after reaming the intramedullary canal and 

inserting a thicker nail. 

One patient needed several bone graft procedures to bridge a critical bone defect of 8.2 cm, 

as mentioned before, and one patient developed a non-infected non union of the right 

femur after a high energy trauma with multiple fractures of both lower limbs. This non-union 

has not been treated during the study period, because of the current treatment of an 

infected non-union of the other femur, a distal type 33-C2 femur fracture that was fixed 

primarily with an angular stable plate. 

Knee range of motion was assessed in all patients, except the one who developed a deep 

infection which resulted in an above knee amputation. Of note, 60 patients (50%) had 

ipsilateral pelvis, acetabulum and/or lower leg injuries. Knee flexion ≥ 120° was seen in 115 

knees (86%) and flexion < 120° in 18 (including 8 with knee flexion less than 100°). Eight of 

these 18 patients had an ipsilateral fracture of the limb, or an ipsilateral neurovascular 

injury. An extension deficit was seen in 9 knees (5 degrees in 6 knees, and 10 degrees in 3 

knees).  
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Discussion 

Retrograde nailing is an attractive alternative to antegrade intramedullary nailing of femoral 

shaft fractures. It has been recommended in cases of polytrauma; ipsilateral pelvic, 

acetabular, tibial and femoral neck fractures; bilateral femur fractures; obese and pregnant 

patients11, 12, 14, 16-18. However, retrograde nailing may result in knee related complications. 

Septic arthritis of the knee is a major concern in closed as well as open fracture. Especially in 

open femoral fractures, an infection at the fracture site theoretically can lead to a septic 

arthritis of the knee. In our study, only one patient (0.75%) developed a septic arthritis after 

stabilization of a closed fracture which became first manifest after 2 years. We did not 

observe any septic arthritis of the knee after open fractures (n=25), including 7 cases with 

grade III soft-tissue injuries. These findings are comparable with those published by 

Halvorson et al28. They retrospectively reviewed 185 patients with 143 closed and 42 open 

fractures, including 7 with gunshot wounds. All patients were treated with retrograde 

nailing. No cases of septic knee were found in the medical records. 

The risk of a septic knee ranges from 0 to 2% in the literature12-14, 17, 20-27. A systematic review 

literature showed that the overall incidence of infection in retrograde nailing is 1.1% and for 

septic arthritis of the knee 0.18%26. This infection rate at the fracture site is comparable with 

antegrade nailing1-6. Though views differ on the indication to retrograde nail an open 

femoral fracture, Ostrum et al recommended that grade III open fractures should not be 

treated with a retrograde nail to prevent septic arthritis of the knee20. However, Leggon and 

Feldmann have treated 5 grade III-C open femoral fractures with a retrograde nail without 

this complication21. They argued that the grade III-C open femur fractures are relative 

indications for the use of retrograde nailing, with minimal additional soft-tissue trauma. In 

another study, O’Toole et al identified only one acute septic knee after retrograde nailing in 

a series of 93 open femoral fractures, including 75 fractures classified as grade III open 

fractures29. Four of these fractures were grade IIIC open fractures. Recently published 

studies, including just patients with gunshot femoral fractures, reported none of the patients 

developed a septic arthritis of the knee or osteomyelitis30-32. These data suggest that a septic 

knee after retrograde femoral nailing is a rare event, even after an open fracture. To 

illustrate, the rate of knee infection after retrograde nailing of femoral fractures is 

comparable to that observed after arthroscopic anterior cruciate ligament reconstruction 

(0.3%-1.7%)33, and total knee arthroplasty (1%-2%)34,35.  
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The non-union rate in retrospective studies varies from 0 to 6% with retrograde nailing of 

femoral shaft fractures13, 20, 21, 23, 27. The incidence of non-union in our study (6.0%) is 

comparable with the literature. Given the sample size of our study, the 95% confidence 

interval is wide. In addition, it seems that open fractures are associated with a higher 

incidence of non-union. We found a non-union incidence of 13.0% in open fractures, 

whereas in closed fractures the incidence was 4.6%.  

Comparative studies failed to demonstrate any difference between antegrade and 

retrograde femoral nailing with respect to rates of union11,12,15,24,25. However, several 

authors have reported that antegrade nailed femurs healed faster12,24,25. Others did not find 

a difference in the time taken to achieve union15. A recent review of the literature showed a 

96% union rate after retrograde femoral nailing compared to 98% after antegrade nailing26. 

Reaming has been considered to stimulate fracture healing29. However, to our best 

knowledge there are no comparative studies (reamed versus unreamed) with respect to 

retrograde nailing in femoral shaft fractures. 

The majority of our patients (86%) had a range of knee flexion of at least 120 degrees. This is 

comparable to what has been reported previously13,17,23,26. Comparative studies reported no 

difference in the range of knee motion between antegrade and retrograde nailing of femoral 

shaft fractures12, 15, 24, 25. Furthermore, Herscovici24 and Tornetta & Tiburzi15 did not find a 

difference in range of motion (ROM) of the hip either. Papadokostakis et al showed in a 

review that the mean ROM of the knee in patients with femoral shaft fractures was 127.6 

degrees after retrograde nailing26. There was also a small but significant greater ROM in 

patients with type A compared to type C fractures. In this study, we found no difference in 

ROM between these patients (data not shown). 

Our study has limitations since it is a retrospective analysis. Included were mainly young 

multiply injured patients treated in one Level I trauma centre. Furthermore, the small 

number of patients precludes a definitive conclusion about the risk of septic arthritis 

following retrograde nailing of femoral shaft fractures. However, our findings indicate that 

there is a very low incidence of septic arthritis following treatment of traumatic femoral 

shaft fractures with retrograde nailing. Furthermore, only one case of osteomyelitis was 

seen, which occurred after a grade III open fracture with significant vascular injury. A high 

union rate was achieved. Combined with results described in the literature, we believe that 

retrograde nailing is an effective method in treating femoral shaft fractures, particularly 
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when supine position is preferred for treatment of other injuries as in polytraumatized 

patients. Even in open fractures or fractures caused by gunshots, retrograde nailing of these 

fractures seems a safe option. 
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Abstract 

 

Introduction: Retrograde nailing is an attractive method for stabilisation of femoral shaft 

fractures in cases of polytrauma, ipsilateral pelvic, acetabular, tibial and femoral neck 

fractures, bilateral femoral fractures, obese and pregnant patients. However, retrograde 

nailing may result in complaints of the knee. The purpose of this study was to evaluate the 

incidence and risk factors of lasting knee pain, and its relation to knee function deficits. 

Method: We conducted a retrospective study of 75 patients in whom 82 femoral shaft 

fractures were treated with retrograde intramedullary nailing.  

Results: Complaints of pain around the knee during follow-up were present in 17 patients 

(23%). The mean age of patients with knee pain was significantly lower (26 years) than the 

age of those without knee pain (41 years) (p= 0.0002). Both groups were not significantly 

different according to gender, injury severity score, AO type of fracture, associated 

ipsilateral injuries, open fractures, or type of nail used. In addition, the range of motion did 

not differ. Although ipsilateral pelvis, acetabulum or lower leg fractures were seen in 49% of 

all patients, the majority (89%) had a knee flexion ≥ 120°.  

Conclusion: Complaints of knee pain after retrograde intramedullary nailing in femoral 

fractures are rather common. Younger age is a risk factor for knee pain. Nevertheless, the 

majority of patients have an excellent knee function.  
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Introduction 

Intramedullary nailing is considered the treatment of choice for stabilisation of femoral shaft 

fractures. Interlocking nails can be inserted via the antegrade or retrograde approach. 

Antegrade femoral nailing is a wide-spread technique and has demonstrated high rates of 

healing and low rates of infection and malunion1,21,22,42,43,44. In a retrospective study, we 

showed a low incidence of non-union (1.9%) and infection (1.9%) after unreamed antegrade 

intramedullary nailing of femoral shaft fractures12. Disadvantages of antegrade nailing of the 

femur include the risk of injury to the hip abductors or its nerve supply7, restricted usability 

in combined ipsilateral femoral neck and shaft fractures, difficulties in locating the exact 

entry point especially in obese patients27,40, the risk of heterotopic ossification around the 

hip6,36, and the possible occurrence of implant related pain33.  

Lezius25 in 1950 introduced treatment of inter- and subtrochanteric femoral fractures with a 

distally inserted curved nail through the medial femoral condyle passing across the fracture 

into the femoral neck. In the seventies, Ender and Simon-Weidner13, Küntscher23, and 

Collado et al9 also introduced the nails through the medial femoral condyle into the femoral 

head to treat peritrochanteric fractures. Retrograde nailing of femoral shaft fractures was 

first reported by Swiontkowski et al also using a distal medial metaphyseal approach and a 

cloverleaf hollow nail38
. Green in 1988 advocated retrograde nailing of femoral fractures 

systematically using an intercondylar notch approach15. Since then, the indication for 

retrograde nailing of femoral fractures has expanded. Retrograde nailing has been 

recommended in cases of polytrauma; ipsilateral pelvic, acetabular, tibial and femoral neck 

fractures; bilateral femoral fractures; obese and pregnant patients8,16,17,28,33,36. Retrograde 

femoral nailing is done in the supine position, does not require a fracture table, and 

therefore does not exclude additional surgical procedures29. A shorter operating time has 

been reported28, although prospective randomised studies do not confirm this33,39.  

The introduction through the intercondylar notch of the femur may result in knee problems, 

including infection, damage to the articular cartilage and persistent knee pain33,36.  

The increasing popularity of retrograde nailing has raised concerns about knee complaints. 

We conducted this retrospective study primarily to evaluate the incidence and possible risk 

factors of knee pain. The secondary endpoint was the relation to knee function deficits. 
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Patients and Methods 

Between November 1997 and June 2007, 95 patients with 103 femoral fractures were 

treated with retrograde intramedullary nailing at the University Medical Center Groningen, 

the Netherlands. Pathological fractures (n=6) were excluded. Also were excluded patients 

with insufficient follow-up data, including 7 patients transferred to other hospitals, 4 who 

died in the early postoperative period (< 1 week) and 3 who refused follow-up visits. All 

patients were skeletally mature. We retrospectively analysed the remaining 75 patients with 

82 femoral shaft fractures. The remaining patients were predominantly young males 

involved in traffic accidents. There were 55 male and 20 female patients with an average age 

of 38 years (range 15-84 years). Fractures were caused by traffic accidents in 62, by fall in 6, 

hit by a heavy object in 3 and by other causes in 4 patients. The mean injury severity score 

(ISS) was 18 (range 9-66). Thirty-two patients (43%) had an ISS≥16.  

According to the AO classification, we identified 28 type A, 36 type B, and 18 type C shaft 

fractures. Thirteen fractures were open: Gustilo grade I in 6, grade II in 4, and grade III in 3. 

Indications for retrograde nailing included polytrauma (thoracic injury, abdominal injury, and 

spinal injury); ipsilateral acetabulum, pelvis, tibia or femoral neck fractures; bilateral femoral 

fractures, and extreme adipositas.  

Through a longitudinal incision medial to the patellar tendon, the nail was introduced in the 

intercondylar groove anterior and lateral to the posterior cruciate insertion. A distal femoral 

nail (DFN, Synthes®) was used to stabilise 44 femoral shaft fractures, and an ACE nail 

(Depuy®) was used in the remaining 38 cases. All nails were inserted without reaming. 

Primary dynamic locking was performed in 22 femurs and in these full weight bearing was 

permitted after wound healing. The nails were statically locked in 60 femurs and gradual full 

weight bearing was allowed after 6 weeks. Dynamization was performed in 22 of these to 

promote union.  

For each patient, we specifically recorded knee pain during follow-up, and the range of 

motion (ROM) of the knee. The patients were followed at regular intervals with clinical 

exams and radiographs at 6 weeks, 3, 6, 9, 12 and 18 months postoperatively. Minimal 

follow-up was 1 year in all cases. The knee function was recorded at the latest follow-up visit 

using the neutral-0-method. 

Chi-square or Fisher’s exact test were used to evaluate differences in sex, type of fracture 

(AO classification), the presence of ipsilateral lower limb injury, the degree of soft tissue 
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injury (i.e. open or closed), type of nail used and range of motion (≥120° or < 120°) between 

patients with or without knee pain. To evaluate differences in age and ISS, t-tests were used. 

Multiple regression analysis was performed to test the relationship among the study 

variables and the dependent variable knee pain. In patients with bilateral femur fractures, 

the injury to the left leg was considered the primary injury. A p-value of <0.05 was 

considered significant. Data were analyzed using SPSS® for Windows version 16.0. 

 

Results 

Demographics of the study population are presented in Table I. 

 

Table I. Characteristics of the study group 

Characteristic  

Mean age 38 years (st. dev. 19 years) 

Sex  male 
 female 

n=55 
n=20 

Mechanism of injury 
 traffic accident 
 fall from height 
 crush injury 
 heavy object 

 
n=62 
n=6 
n=4 
n=3 

Mean Injury Severity Score (ISS) 18 (range 9-66) 

Side of fracture  left 
   right 
   bilateral 
 

n=34 
n=34 
n=7 

Type of fracture 
 Closed 
 Open 
  Gustilo Type I 
  Gustilo Type II 
  Gustilo Type III 
 

 
n=69 
n=13 
n=6 
n=4 
n=3 

AO Classification 
 A1 
 A2 
 A3 
 B1 
 B2 
 B3 
 C1 
 C2 
 C3 

 
n=4 
n=9 
n=15 
n=5 
n=24 
n=7 
n=12 
n=3 
n=3 
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Complaints of pain in the knee during follow-up were identified in 17 patients (23%). Twelve 

patients complained of pain at the medial side of the knee, and 4 patients located the pain 

at the lateral side. One patient complained of persistently ‘feeling’ the nail during walking, 

although the fracture was healed. All 17 patients had regained knee flexion of 120° or more. 

Of these 17 patients, only one had a concomitant injury around the knee, i.e. a 

supracondylar femoral fracture. Interestingly, 7 patients with an associated patellar and 7 

patients with a tibial plateau fracture (Table II) did not complain of knee pain. There were no 

cases of infection in this series. Univariate analysis showed no significant difference in sex, 

ISS, AO type of fracture, ipsilateral injuries, open fractures, or type of nail between patients 

with or without knee pain (Table III). However, the mean age of patients with knee pain was 

significantly lower (26 years , 95% confidence interval, 20-32) than the age of those without 

knee pain (41 years, 95% confidence interval, 36-46; p= 0.0002). Logistic regression analysis 

showed that the only independent predictor of knee pain was age. 

 

Table II. Associated ipsilateral pelvis, acetabulum or lower leg fractures. 

Fracture Frequency 

Pelvis 10 

Acetabulum 2 

Patella 7 

Tibial plateau 7 

Tibial shaft 21 

Isolated fibula 2 

Ankle 6 

Talus 1 

Calcaneus 2 

Navicular 1 

Cuneiform 1 

Metatarsal 3 

Lisfranc fracture-dislocation 1 

Total 64 
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Table III. Variables used in univariate and multivariate analysis 

Variables Pain (n=17) No Pain (n=58) p-value 

Mean age 26 41 0.0002 

Sex (M/F) 13/4 42/16 ns 

ISS 18 18 ns 

AO-type (A/B/C) 7/4/6 21/32/12 ns 

Ipsilateral injury 41% 50% ns 

Open fracture 17% 10% ns 

Nail type (ACE/DFN) 11/6 27/38 ns 

 

In one patient the complaints of pain diminished spontaneously. In 4 patients with knee pain 

the nail was removed, and in 12 patients only the distal screws. In all patients the knee pain 

improved (n=5) or disappeared (n=12). The nail and/or screws were removed at an average 

of 20 months (range 3-52 months). 

Knee range of motion was assessed in all patients. Concomitant ipsilateral pelvis, 

acetabulum or lower leg fractures were seen in 40 patients (49%) (Table III). Knee flexion ≥ 

120° was seen in 73 knees (89%) and flexion < 120° in 9. There was no significant difference 

in sex, age, ISS, AO type of fracture, ipsilateral injuries, open fractures, or type of nail 

between patients with flexion ≥120° and patients with flexion < 120°. Furthermore, there 

was no difference in range of motion between those who experienced pain and those who 

did not. Six of the 9 patients with flexion < 120° had an ipsilateral fracture of the limb or a 

neurovascular injury. An extension deficit > 10° was seen in 4 patients.  

 

Discussion 

Retrograde nailing is an attractive alternative to antegrade intramedullary nailing of femoral 

shaft fractures. It has been recommended in cases of polytrauma; ipsilateral pelvic, 

acetabular, tibial and femoral neck fractures; bilateral femoral fractures; obese and pregnant 

patients8,16,17,28,33,36. However, retrograde nailing may result in complaints of the knee: pain, 

knee function deficit and stiffness of the knee joint. 

Knee pain reported in several retrospective studies17,24,28,35, ranges from 30 – 68%. A review 

of the literature showed a mean incidence of knee pain of 25.6% (1.1% - 55%) at the end of 

follow-up20. Little is known about knee pain after retrograde nailing of femoral fractures on 
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the long term. Only a few studies have a follow-up time of more than one year. Sanders et 

al37, using a medial extra-articular entry point, have reported that 54% of the patients 

complained of pain with a mean time of follow-up of 16 months. Using an intercondylar 

approach the long term incidence of knee pain varies between 32% and 68%17,19,24,35, with a 

mean follow-up time of maximal 25 months. In this current study persistent knee pain was 

present in 23% of the patients. All these patients had regained ≥120° knee flexion. We found 

that age is the only independent predictor of knee pain after retrograde femoral nailing. 

Possible explanations include higher physical demands in younger adults or higher pain 

tolerance in older patients. 

Studies comparing antegrade versus retrograde nailing of femoral shaft fractures give 

conflicting results with respect to the occurrence of knee pain. In a prospective 

(pseudo)randomised study, Tornetta & Tiburzi39 reported that in the retrograde group knee 

pain was common (81%) in the immediate postoperative period. However, these complaints 

of pain subsided by the time of union in all but 4 retrograde (13%) and 5 antegrade patients 

(13%), usually with return of quadriceps strength. Yu et al45 found no difference in knee pain 

between the antegrade and retrograde nailing group. This is consistent with the prospective, 

(pseudo)randomized study of Ostrum et al33. However, Ostrum et al33 found that hip and 

thigh pain predominated significantly in the antegrade group. Ricci et al36 retrospectively 

studied 293 femoral shaft fractures, of which 140 were stabilised with retrograde nailing at 

an average follow up of 23 months. They found that significantly more patients reported 

knee pain in the retrograde group (36% vs 9%). However, significantly more patients in the 

antegrade group described hip pain (10% vs 4%).  

The main cause of pain in this study seemed to be hardware-related. In all patients, there 

was an improvement of the symptoms after removing the distal locking screws or the entire 

nail. A possible explanation can be found in the observation that the distal femur has a cross 

sectional trapezoidal form. The medial and lateral walls tend to converge posteriorly. Using 

AP fluoroscopy peroperatively, the distal locking screws might be too long as shown in figure 

1. The length of the locking screws must carefully be checked to avoid protrusion and 

irritation of the soft tissues surrounding the screw portals. 

Several studies24,32,35,39 have reported distal locking screws as a possible cause of knee pain. 

Various other sources of knee pain have been described. Arthroscopic and MRI studies have 



81 
 

shown high incidence of knee pathology associated with femoral fractures3,10,11. Most 

affected structures are the medial collateral ligament, the anterior cruciate ligament and the  

 

  

A      B 

Figure 1 A-B. A 44 year-old female with a type A3 femoral shaft fracture. 

(A) Postoperative anteroposterior view of the locking screws. (B) An axial section of the CT scan shows that the 

lateral and medial wall of the distal femur are inclined. The distal locking screw is 1 cm too long. 

 

lateral meniscus. In MRI studies based upon knee complaints, bone bruises are increasingly 

being recognised as related injury11. The clinical significance of these lesions has yet to be 

determined. However, they may be a source of persistent clinical symptoms. Boks et al4 have 

described the natural course of bone bruises using MRI follow-up in patients with 

posttraumatic knee complaints who were seeking help from their general practitioner. The 

median healing time of bone bruises was 42.1 weeks. This was prolonged in the presence of 

osteoarthritis and a greater number of initial bruises. 

Other sources of knee pain include quadriceps dysfunction39, intraosseus hypertension2 and 

patellar tendon injury due to a transtendinous approach20. Knee pain may also be caused by 

degenerative changes secondary to an alteration in the mechanical axis of the femur after 

union31,41. A persistent concern has been that retrograde nailing could damage the 

patellofemoral articulation. However, several authors5,14,26,28
 used arthroscopy to remove 

the nail after malunion of the fracture and found no patellofemoral articular lesions other 

than fibrous tissue. These findings are consistent with a report by Morgan et al30. They 

demonstrated no increased patellofemoral contact pressures when retrograde nails are 
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appropriately countersunk. It seems doubtful that knee pain after retrograde nailing is 

caused by any adverse effect on the patellofemoral articulation when the nail is placed 

properly. Because all complaints improved after removal of the hardware, these described 

causes are of minor importance in our series. 

The majority of our patients (89%) had a range of flexion of the knee of at least 120°. This is 

comparable to what has been reported previously17,29,34,35. With the numbers studied, we 

found no difference in sex, age, ISS, AO type of fracture, ipsilateral injuries, open fractures, 

or type of nail between patients with flexion ≥120° and patients with flexion < 120°. 

Comparative studies18,33,39,45 reported that there is no difference in the range of motion 

(ROM) of the knee between antegrade and retrograde nailing of femoral shaft fractures. 

Furthermore, Herscovici18 and Tornetta & Tiburzi39 did not find a difference in ROM of the 

hip either. Papadokostakis et al34 in a meta-analysis reported a mean knee ROM of 127.6° 

after retrograde nailing of femoral fractures. Patients with type A compared to type C 

fractures regained a slight but significant improvement of ROM. In this study, we found no 

difference in ROM between these patients. 

Our study has the limitations of a retrospective analysis. The study could be underpowered. 

We did not use a visual analogue scale or a functional outcome score to assess the pain 

complaints. It is a single center study and conclusions cannot be generalised. The included 

subjects are mainly polytrauma patients. In addition, residual confounding factors cannot be 

ruled out. Also the follow-up is short and the long term effect on function of the knee and 

possible arthritic changes induced by intra-articular damage remain unknown. 

In conclusion, knee complaints were experienced commonly in our series of retrograde 

nailing of femoral shaft fractures. But, symptoms improved in all patients after removal of 

the distal locking screws or the entire nail. Furthermore, the majority of the patients had an 

acceptable knee range. 
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Abstract 

 

Introduction: The purpose of this study was to translate and culturally adapt the Dutch 

version of the Short Musculoskeletal Function Assessment questionnaire (SMFA-NL) and 

investigated the internal consistency, validity, reproducibility and responsiveness of the 

translated version. 

Methods: The original SMFA was first translated and culturally adapted from English into 

Dutch according to a standardized procedure and second tested for clinimetric quality. The 

study population consisted of 162 patients treated for various musculoskeletal injuries or 

disorders at the departments of Orthopaedics and Traumatology. All respondents filled in 

the SMFA-NL and the SF-36 and a region-specific questionnaire. To determine repeatability, 

87 respondents filled in the SMFA-NL for a second time after a time interval of three to four 

weeks. To determine responsiveness, 29 respondents who were treated for their injury 

within three months before the first assessment, filled in the SMFA-NL for a second time 

after two to three months. The following analyses were performed to evaluate the 

clinimetric quality of the SMFA-NL: factor analysis and Cronbach’s Alpha (internal 

consistency), floor and ceiling effects, Spearman’s Rho (construct validity), intraclass 

correlation coefficients and the Bland & Altman method (repeatability) and standardized 

response means (SRM) (responsiveness). 

Results: Factor analysis demonstrated four subscales of the SMFA-NL. Both the newly 

identified subscales of the SMFA-NL and the conventional subscales of the SMFA showed 

good internal consistency. No floor and some ceiling effects were found. Construct validity 

was good, as high correlations were found between the subscales of the SMFA-NL and the 

respective subscales of the SF-36 and the region-specific questionnaires. Repeatability of the 

SMFA-NL subscales was high, with no systematic bias between the first and second 

assessment. Responsiveness of the SMFA-NL was moderate, as small-to-moderate SRMs 

were found. 

Conclusions: We successfully translated and culturally adapted a Dutch version of the Short 

Musculoskeletal Function Assessment Questionnaire (SFMA-NL). Hence, this study showed 

that the SMFA-NL is a valid, reliable and responsive method for the assessment of functional 

status of patients who have a broad range of musculoskeletal disorders. Furthermore, it will 
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allow for comparison between different patient groups as well as for cross-cultural 

comparisons.
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Introduction 

Musculoskeletal injuries and disorders are a major cause of morbidity throughout the world, 

having a substantial influence on health and quality of life, and inflicting an enormous 

burden of cost on health systems1. Patient outcome questionnaires are essential in both 

clinical practice and in clinical research, to evaluate outcome after (surgical) treatment of 

musculoskeletal injuries or disorders. There are numerous disease-specific or region-specific 

patient-reported questionnaires that are used for this purpose2-6. However, when one 

wishes to evaluate and compare outcome among different groups of patients or patients 

with multiple injuries, these questionnaires are not suitable. Therefore, the Short 

Musculoskeletal Function Assessment (SMFA) was developed by Swiontkowski et al7. The 

SMFA is a patient-reported questionnaire, designed to detect differences in functional status 

of patients who have a broad range of musculoskeletal disorders. The American version of 

the SMFA is proven to be a valid, reliable and responsive questionnaire7. Furthermore, the 

SMFA is recommended by the American Academy of Orthopaedic Surgeons (AAOS) for use in 

clinical practices to assess the effectiveness of treatment regimens and in musculoskeletal 

research settings to study the clinical outcomes of treatment8. 

The SMFA is widely used in English-speaking countries. To allow for cross-cultural 

comparisons of outcome assessment, translated versions of the SMFA in different languages 

are needed. It is now recognized that if questionnaires are to be used across cultures, these 

questionnaires must not only be translated well linguistically, but also be adapted culturally 

to maintain the content validity of the instrument9. There are several non-English versions of 

the SMFA available that are cross-cultural adapted10-13. But, to our knowledge, there is no 

Dutch-language version of the SMFA available. The purpose of this study was therefore to 

translate and culturally adapt the SMFA into Dutch and to evaluate the clinimetric properties 

of the Dutch version, in terms of internal consistency, validity, repeatability and 

responsiveness. 

 

Materials and Methods 

The study was divided into two stages. First, the American version of the SMFA was 

translated into Dutch according to a standardised procedure9. Second, the translated version 

was tested for clinimetric quality in a prospective study. The local Institutional Review Board 

approved the procedures employed in this study. 
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Translation process 

The translation and cross-cultural adaptation of the SMFA into Dutch was performed 

according to the Guidelines proposed by Beaton et al9. This process is divided in five stages. 

In the first stage, two bilingual translators with Dutch as their mother tongue independently 

translated the SMFA into Dutch. These translations were synthesized in the second stage by 

the translators and two independent observers. A written report carefully documented the 

synthesis process and differences were resolved by consensus. In the third stage the 

synthesized version was translated back into English by two bilingual translators whose 

native tongue was English. These translators had no medical background, were blind to the 

original version of the SMFA and were neither aware of nor informed about the concepts 

explored in the SMFA. With this back translation process, the validity of the questionnaire is 

checked to make sure that the translated version is reflecting the same item content as the 

original version. Unclear wording in the translated version can be discovered in this stage. 

These two back translations were reviewed in stage four by an expert committee. This 

committee consisted of the translators, health care professionals, an epidemiologist and a 

human movement scientist. Equivalence between the original and Dutch version of the 

SMFA was reached in four areas14: semantic equivalence (ensuring that the words mean the 

same thing), idiomatic equivalence (ensuring that colloquialisms or idioms are formulated in 

equivalent expressions), experiential equivalence (ensuring that each item captures the 

experience of daily life in the target culture), and conceptual equivalence (ensuring that 

words hold the same conceptual meaning). Discrepancies were resolved by consensus. This 

stage resulted in a pre-final Dutch version of the SMFA. This version was tested in a group of 

20 patients who had an appointment at the outpatient clinic of the departments of 

Orthopaedics and Traumatology (stage five). None of the patients reported problems with 

the items of the Dutch SMFA. Next, the internal consistency, validity, repeatability and 

responsiveness of the final version of the Dutch SMFA, the SMFA-NL, was assessed. 

 

Participants 

Patients treated for various musculoskeletal injuries or disorders at the departments of 

Orthopaedics and Traumatology, were recruited for this study. Patients with a head trauma, 

fracture of the spine with neurological dysfunction, neuromuscular disease, amputation of a 

limb, cardiovascular disease with an active episode in the three months previous to the start 
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of this study, cancer, or a serious psychiatric or cognitive disorder were excluded from the 

study. Patients unable to understand Dutch written language were also excluded. 

Initially, 260 patients were recruited. Of these patients, a group of 200 patients were 

(surgically) treated between six months and two years previous to the start of the study. The 

other 60 patients were (surgically) treated within three months previous to the start of the 

study. In both patient groups, injuries or disorders located at the upper and lower limbs 

were equally distributed. All participants were asked to complete three questionnaires at 

home: the SMFA-NL, the generic questionnaire for health-related quality of life, and a 

region-specific questionnaire. Patients participating in the study part regarding test-retest 

reliability were asked to fill in the SMFA-NL at home again after three to four weeks. For 

test-retest reliability, this time interval needs to be sufficiently short to support the 

assumption that the patients remain stable and sufficiently long to prevent recall. We 

considered a time interval of three to four weeks to be appropriate. The second patient 

group was used to determine whether the SMFA-NL is able to detect clinical change over 

time. This group was asked to fill in the SMFA-NL at home again after two to three months. 

The flow diagram of the study is presented in Figure 1. 

 

 

 

Figure 1. Flow diagram of inclusion of respondents. 
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Questionnaires 

SMFA. The 46-item SMFA questionnaire consists of two parts: the dysfunction index and the 

bother index. The dysfunction index comprises 25 items for the assessment of the patients’ 

perceptions of the amount of difficulty they perceive when performing certain activities of 

daily living, and nine items for assessing how often they have difficulties performing these 

activities. The bother index consists of 12 items that allow patients to assess how much they 

are bothered by problems in various functional areas (e.g., sleep and rest, recreation, work, 

and family). All items are scored on a 5-item Likert scale, ranging from 1 (good function / not 

bothered) to 5 (poor function / extremely bothered). Scores for the two parts are calculated 

by summing the responses to the individual items and transforming the scores so that the 

range from zero to 100, with higher scores indicating poorer function7. 

 

Generic health-related quality of life questionnaire 

SF-36. The 36-item Short Form Health Survey (SF-36) is a generic health status questionnaire 

that gives an indication of health-related quality of life. The SF-36 is composed of 36 

questions, organized into 8 multi-items scales: physical functioning, role limitations due to 

physical health problems, bodily pain, general health perceptions, vitality, social functioning, 

role limitations due to emotional problems and general mental health15. The raw score on 

each subscale is transferred into a 100-point scale. Since the SMFA-NL uses a transformed 

score on a 100-point scale where a higher score indicates a poorer function, the 100-point 

score of the SF-36 was also transformed so that a higher score indicated a poorer function. 

 

Region-specific questionnaires 

DASH. The Disabilities of the Arm, Shoulder, and Hand questionnaire (DASH) is designed to 

measure (patients' perception of) the ability to perform different activities and roles and to 

monitor symptoms associated with any condition in the upper limb. The DASH consists of 30 

questions, of which 21 items ask about physical function, 6 items about symptoms, and 3 

items about social or role function4. The items are scored on a 5-point Likert scale. The raw 

score is transformed to scores ranging from 0 to 100, where a score of 0 reflects minimal 

disability, and 100 indicates maximal disability. 
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HOOS. The Hip disability and Osteoarthritis Outcome Score (HOOS) is developed as an 

instrument to assess the opinion of patients with hip disability, with or without 

osteoarthritis, about their hip and associated problems. The HOOS consists of 40 items, 

divided in five subscales: pain, other symptoms, function in daily living, function in sport and 

recreation, and hip-related quality of life5. The items are scored on a 5-point Likert scale. For 

each subscale, the raw score is transformed to a 100-point score. Next, this 100-point score 

was transformed so that a higher score indicated a poorer function. 

 

KOOS. The Knee injury and Osteoarthritis Outcome Score (KOOS) is developed as an 

instrument to assess the patients’ opinion about their knee and associated problems. The 

KOOS consists of 42 items, organized into five subscales: pain, other symptoms, function in 

daily living, function in sport and recreation, and knee-related quality of life2. The items are 

scored on a 5-point Likert scale. For each subscale, the raw score is transformed to a 100-

point score. Next, this 100-point score was transformed so that a higher score indicated a 

poorer function. 

 

FFI. The Foot Function Index (FFI) measures the effect of foot problems on function in terms 

of pain and disability. The FFI consists of 23 items, divided into 3 subscales: limitation, pain, 

and disability. The items are scored on a 5-point Likert scale. For each subscale, the raw 

score is transformed to a 100-point score; the higher the score, the more 

limitation/pain/disability is present. The total score on the FFI is the mean of the subscale 

scores3. 

 

Statistical analysis 

All statistical analyses were performed using PASW statistical package (version 18, SPSS Inc, 

Chicago, USA). A p-value of <0.05 indicated statistical significance. 

 

Internal consistency 

Internal consistency is a measure of the extent to which items in a questionnaire (sub)scale 

are homogeneous, thus measuring the same construct16,17. The first step in exploring the 

internal consistency of the SMFA-NL was a factor analysis in order to determine whether the 

SMFA-NL actually consists of two parts. Factor analysis is a technique designed to reveal 
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whether or not the pattern of responses on a number of items can be explained by a smaller 

number of underlying factors, with each factor reflecting a different construct18. Exploratory 

factor analysis was conducted on all SMFA-NL items using principal component analyses 

(PCA) with varimax rotation. Factor analyses with a one, two, three, four, and five factor 

solution were performed. Next, Cronbach’s alpha was calculated for the identified subscales. 

It is widely accepted that Cronbach's alpha should be between 0.70 and 0.9516. All returned 

SMFA-NL questionnaires, i.e. the questionnaires used for assessing validity, repeatability and 

responsiveness (n=278), were used in this study part. 

 

Floor and ceiling effects 

The validity, reliability and responsiveness of a questionnaire may be jeopardised if floor or 

ceiling effects are present. It is then likely that extreme items are missing in the lower or 

upper end of the questionnaire. Consequently, respondents with the lowest or highest 

possible score cannot be distinguished from each other, and changes in these patients 

cannot be measured16. Floor and ceiling effects were considered to be present if more than 

15% of respondents achieved the lowest or highest possible score19. 

 

Validity 

Because of the absence of a gold standard, validity of the SMFA-NL was expressed in terms 

of construct validity, which refers to the extent to which scores on a particular measure 

relate to other measures consistent with theoretically derived hypotheses concerning the 

constructs that are being measured20. Construct validity of the SMFA-NL was determined by 

comparing the scores of the subscales identified by means of factor analysis and the scores 

of the conventional subscales of the SMFA with the generic SF-36 and the region-specific 

questionnaires. To this end, Spearman’s Rho correlation coefficients were calculated 

between the different subscales of the SMFA-NL and the respective subscales of the SF-36 

and the other questionnaires. The Spearman’s Rho was interpreted according to Domholdt: 

0.00–0.25 = little if any correlation, 0.26–0.49 = weak correlation, 0.50–0.69 = moderate 

correlation, 0.70–0.89 = strong correlation, 0.90–1.00 = very strong correlation21. 
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Repeatability 

Repeatability concerns the degree to which repeated measurements in stable persons (test-

retest) provide the same answers. Repeatability is suggested to consist of two parts: 

agreement and reliability. Agreement concerns the extent to which the scores on repeated 

measures are close to each other (absolute measurement error). Reliability concerns the 

extent to which patients can be distinguished from each other, despite measurement errors 

(relative measurement error)16. 

 

A measure of absolute agreement is proposed by Bland and Altman22. The mean difference 

between test and retest with a 95% confidence interval (CI) was calculated for absolute 

agreement. Zero lying within the 95% CI of the mean difference can be seen as a criterion for 

absolute agreement. Consequently, when zero lies outside the 95% CI a bias in the 

measurements is indicated. Additionally, the standard error of measurement (SEM), a 

measure of the absolute measurement error of the instrument, was calculated17. The value 

of the SEM can be derived by dividing the SD of the mean differences between two 

measurements (SDdiff) by √2 23. 

 

To estimate the test-retest reliability of the SMFA-NL subscales, intraclass correlation 

coefficients (ICCs) with corresponding 95% CIs were calculated. The ICC two-way random 

effects model, type agreement, was used24. ICCs above 0.70 are generally considered to be 

good16. 

 

Responsiveness 

Responsiveness is the ability of a questionnaire to detect clinical change over time. 

Therefore, the baseline scores on the SMFA-NL of the respondents, who were (surgically) 

treated during three months prior to the start of the study, were compared to the scores on 

the SMFA-NL at follow-up. To assess responsiveness standardized response means (SRM) 

with corresponding 95% CI were calculated for each subscale of the SMFA-NL. These effect 

estimates were interpreted according to Cohen: a SRM of 0.2-0.4 was considered a small 

effect, 0.5-0.7 moderate and 0.8 large25. 
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Results 

The demographic characteristics of the respondents are presented in Table I. 

 

Table I. Demographic characteristics of the patients who responded to the SMFA-NL 

questionnaire. 

 
Characteristics SMFA-NL Sample

*
 (N=162) 

Age (yrs) (N=162) 47 ± 14 (19-74) 

Gender    Male 

    Female 

82 (51) 

80 (49) 

Marital status (N=159)  Single 

    With partner 

    With partner and children 

    With children 

55 (35) 

65 (41) 

33 (21) 

6 (4) 

Educational level (N=160)  Elementary school 

    High school 

    College 

    Bachelor’s or more advanced degree 

4 (3) 

70 (44) 

50 (31) 

36 (23) 

Location (N=162)   Shoulder 

    Upper arm 

    Elbow 

    Underarm 

    Wrist/hand 

    Pelvis 

    Hip /column 

    Knee 

    Ankle/foot 

24 (15) 

6 (4) 

11 (7) 

23 (14) 

18 (11) 

6 (4) 

26 (16) 

24 (15) 

24 (15) 

*
 All values, except for age, are given as the number of patients, with the percentage in parentheses. Age is 

given as the mean and standard deviation, with the range in parentheses. SMFA = Short Musculoskeletal 
Function Assessment. 

 

 

Internal consistency 

Factor analyses were performed with two, three, four and five-factor solutions, and the four-

factor solution appeared to be the most interpretable and accounted for 66.4% of the 

variance (see Appendix 1). The four identified subscales were named Lower-extremity 

dysfunction (12 items), Upper-extremity dysfunction (6 items), Problems with daily activities 
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(20 items), and Mental and emotional problems (8 items). The loading factors ranged from 

0.47 – 0.85 (see Appendix 1). Cronbach’s alpha reliability indices for the SMFA-NL were 0.94 

for the Lower-extremity dysfunction subscale, 0.93 for the Upper-extremity dysfunction 

subscale, 0.97 for the Problems with daily activities subscale, and 0.87 for the Mental and 

emotional problems subscale. Cronbach’s alpha was 0.87 and 0.96 respectively for the 

original Dysfunction Index and Bother Index. 

 

Floor and ceiling effects 

Overall, no floor effects (indicating worst possible score) were found for the subscales of the 

SMFA-NL or for the conventional subscales of the SMFA. Small-to-moderate ceiling effects 

(indicating best possible score) were found for the SMFA-NL subscales Lower-extremity 

dysfunction (6.3%), Problems with daily activities (10.0%), and Mental and emotional 

problems (13.3%). Large ceiling effects were found for the subscale Upper-extremity 

dysfunction (39.8%). Small-to-moderate ceiling effects were found for the conventional 

subscales of the SMFA: 4.4% for the Dysfunction index ad 14.2% for the Bother index. 

 

Validity 

The correlations between the SMFA-NL subscales and the subscales of the SF-36, DASH, 

HOOS, KOOS, and FFI are presented in Table II. 

 

Comparison of SMFA-NL with SF-36 

The subscale Lower-extremity dysfunction showed strong correlations with the SF-36 

subscales Physical function. Weak correlations were found between the SF-36 and the 

subscale Upper-extremity dysfunction. The subscale Problems with daily activities showed 

strong correlations with the subscales Physical function, Physical role, and Bodily pain. 

Moderate correlations were found between the subscale Mental and emotional problems 

and the SF-36 subscales Social function, Mental health, Bodily pain, and Vitality. The 

conventional subscales of the SMFA showed strong correlations with the subscales Physical 

function, Physical role, and Bodily pain, and moderate correlations with the subscales Social 

function and Vitality. 
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Table II. Spearman correlations between SMFA-NL subscales and SF-36, DASH, HOOS, KOOS, 

and FFI. 

 
 
*
 Newly identified subscales after factor analysis. 

†
 Conventional SMFA subscales. Abbreviations: n.a., not 

applicable. 

 

 SMFA-NL 

  Lower-extremity 

dysfunction
*
 

Upper-extremity 

dysfunction
*
 

Problems with 

ADL
*
 

Mental and emotional 

problems
*
 

Dysfunction 

index
†
 

Bother 

index
†
 

SF-36       

General health 0.45 0.31 0.53 0.56 0.54 0.56 

Physical function 0.81 0.35 0.84 0.56 0.83 0.82 

Social function 0.46 0.39 0.61 0.66 0.62 0.66 

Physical role 0.56 0.46 0.76 0.56 0.73 0.75 

Emotional role 0.26 0.36 0.39 0.49 0.40 0.46 

Mental health 0.21 0.31 0.38 0.52 0.38 0.41 

Bodily pain 0.64 0.47 0.81 0.68 0.80 0.82 

Vitality 0.43 0.36 0.56 0.64 0.56 0.60 

DASH       

DASH n.a. 0.91 0.65 0.74 0.92 0.64 

HOOS       

Symptoms 0.60 n.a. 0.50 0.35 0.57 0.43 

Pain 0.53 n.a. 0.44 0.37 0.50 0.42 

ADL 0.78 n.a. 0.74 0.63 0.79 0.71 

Function in 

Sport/recreation 
0.51 n.a. 0.44 0.36 0.49 0.41 

Quality of life 0.45 n.a. 0.50 0.25 0.46 0.4 

KOOS       

Symptoms 0.42 n.a. 0.34 0.52 0.37 0.42 

Pain 0.76 n.a. 0.73 0.66 0.79 0.74 

ADL 0.86 n.a. 0.85 0.67 0.85 0.86 

Function in 

sport/recreation 
0.85 n.a. 0.81 0.66 0.84 0.81 

Quality of life 0.60 n.a. 0.55 0.51 0.59 0.57 

FFI       

Foot pain 0.55 n.a. 0.49 0.42 0.59 0.45 

Difficulty with 

activities 
0.83 n.a. 0.84 0.42 0.81 0.49 

Limitations 0.81 n.a. 0.80 0.31 0.83 0.48 



102 
 

Comparison of SMFA-NL with DASH 

Moderate-to-strong correlations were found between the SMFA-NL subscales Upper-

extremity dysfunction and Problems with daily activities and the DASH (Table II). The 

subscale Mental and emotional problems showed a strong correlation with the DASH. 

Moderate and strong correlations were found between the DASH and the conventional 

subscales Bother index and Dysfunction index respectively. 

 

Comparison of SMFA-NL with HOOS 

The subscales Lower-extremity dysfunction, Problems with daily activities, and Mental and 

emotional problems showed moderate to strong correlations and the subscale with the 

HOOS subscale ADL. A moderate correlation was found between the subscale Lower-

extremity dysfunction and the HOOS subscale Symptoms. Low-to-moderate correlations 

were found between the subscales of the SMFA-NL and the subscales Function in sport and 

recreation and Quality of life. The conventional subscales of the SMFA showed strong 

correlations with the subscale ADL, and the Dysfunction index showed a moderate 

correlation with the subscale Symptoms. 

 

Comparison of SMFA-NL with KOOS 

The subscales Lower-extremity dysfunction and Problems with daily activities showed strong 

correlations, and the subscale Mental and emotional problems showed moderate 

correlations with the KOOS subscales Pain, ADL, and Function in sport and recreation. 

Moderate correlations were found between the subscales Lower-extremity dysfunction and 

Problems with daily activities with the KOOS subscale Quality of life. Moderate-to-weak 

correlations were found between the SMFA-NL subscales and the KOOS subscale Symptoms. 

The conventional SMFA subscales showed strong correlations with the subscales Pain, ADL, 

and Function in sport and recreation, and showed moderate correlations with the subscale 

Quality of life. 

 

Comparison of SMFA-NL with FFI 

Strong correlations were found between the SMFA-NL subscales Lower-extremity 

dysfunction and Problems with daily activities and the FFI subscales Difficulty with activities 

of the SMFA-NL showed moderate correlations with the FFI subscale Foot pain. The subscale 
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Mental health showed only weak correlations with the subscales of the FFI. The conventional 

SMFA subscale Dysfunction index showed a strong correlation with the subscales Difficulty 

with activities and Limitations and a moderate correlation with the subscale Foot pain. The 

SMFA subscale Bother index showed weak correlations with all subscales of the FFI. 

 

Repeatability 

Table III shows the 95% CI of the mean difference between the first and second assessment, 

SEMs and ICCs of the SMFA-NL subscales. ICCs were high for all subscales, ranging from 0.91 

to 0.96. No systematic bias was found between the first and second assessment, as the 95% 

CI contained zero for all subscales. The SEMs ranged between 8.4 and 11.3. High ICCs were 

also found for the conventional SMFA subscales (0.94 and 0.95). The subscale Bother index 

showed a small systematic bias of two points. The SEMs for the Dysfunction index and the 

Bother index were 7.8 and 10.1 respectively. 

 

Table III. Descriptive statistics and repeatability measures of the SMFA-NL 

 
Baseline mean 

(SD) 

Retest mean 

(SD) 

Mean difference 

(95% CI) 
SEM ICC (95% CI) 

Lower-extremity 

dysfunction
*
 

17.1 (19.5) 17.6 (20.1) -0.5 (-1.8, 0.9) 8.4 0.96 (0.93, 0.97) 

Upper-extremity 

dysfunction
*
 

13.6 (22.6) 13.1 (21.4) 0.5 (-1.0, 1.9) 9.5 0.95 (0.93, 0.97) 

Problems ADL
*
 27.7 (21.7) 26.3 (22.5) 1.3 (-0.4, 3.0) 11.0 0.94 (0.90, 0.96) 

Mental and 

emotional problems
*
 

23.7 (18.7) 23.2 (18.8) 0.5 (-1.2, 2.2) 11.3 0.91 (0.87, 0.94) 

Dysfunction index
†
 20.9 (16.9) 20.7 (17.6) 0.2 (-1.0, 1.5) 7.8 0.95 (0.92, 0.97) 

Bother index
†
 25.7 (20.7) 23.7 (21.0) 2.0 (0.5, 3.5) 10.1 0.94 (0.90, 0.96) 

*
 Newly identified subscales after factor analysis. 

†
 Conventional SMFA subscales.  

 

 Responsiveness 

Descriptive statistics and responsiveness measures of the SMFA-NL are presented in Table 

IV. The subscales Lower-extremity dysfunction, Problems with daily activities, and Mental 

and emotional problems showed small-to-moderate SRMs, ranging from 0.43 to 0.47. The 
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subscale Upper-extremity dysfunction showed a small SRM of 0.26. Both subscales of the 

conventional SMFA showed small SRMs (0.27 and 0.17) (Table IV). 

 

Table IV. Descriptive statistics and responsiveness measures of the SMFA-NL 

 
 

N 

Baseline mean 

(SD) 

2
nd

 assessment 

mean (SD) 

Mean difference 

(SD) 
SRM 

Lower-extremity 

dysfunction
*
 

12 29.8 (20.6) 24.5 (19.0) 5.3 (12.3) 0.43 

Upper-extremity 

dysfunction
*
 

17 36.2 (21.4) 31.9 (21.6) 4.3 (16.4) 0.26 

Problems ADL
*
 29 38.7 (30.1) 32.1 (25.8) 6.6 (15.1) 0.44 

Mental and 

emotional 

problems
*
 

29 22.5 (22.8) 14.7 (18.0) 7.8 (16.7) 0.47 

Dysfunction index
†
 29 40.5 (23.6) 35.4 (23.8) 5.1 (19.2) 0.27 

Bother index
†
 29 30.2 (20.0) 27.7 (20.5) 2.5 (14.7) 0.17 

*
 Newly identified subscales after factor analysis. 

†
 Conventional SMFA subscales. 

 

Discussion 

Cross-cultural adaptation of a health status self-reported questionnaire for use in a country 

other than where it was developed is necessary to maintain the content validity of the 

instrument at a conceptual level across different cultures9,14. After translation, clinimetric 

quality of the translated questionnaire should be investigated26. Both the conventional 

subscales of the SMFA and the by factor analysis identified subscales of the Dutch version of 

the Short Musculoskeletal Function Assessment questionnaire (SMFA-NL) demonstrated 

sufficient internal consistency, validity, repeatability and responsiveness. Hence, this study 

showed that the SMFA-NL is a valid, reliable and responsive method for the assessment of 

functional status of patients who have a broad range of musculoskeletal disorders. 

The original SMFA questionnaire contains two parts: the Dysfunction index and the Bother 

index7. The internal consistency coefficients for the conventional subscales of the SMFA 

were high: Cronbach’s alpha of 0.87 and 0.96 respectively for the Dysfunction index and the 

Bother index. These results are comparable with those found by Swiontkowski et al7 in the 

initial validation of the SMFA, and with those found in the validation of the Brazilian13, 



105 
 

Mexican12, Swedish10 and German11,27 version of the SMFA. We performed a factor analysis 

to determine whether the SMFA-NL also consisted of two parts. However, we identified a 

four-factor structure, namely 1) Lower-extremity dysfunction, 2) Upper-extremity 

dysfunction, 3) Problems with daily activities, and 4) Mental and emotional problems. 

Internal consistency of these subscales was proven. Only Guevara et al12 and Taylor et al13, 

who assessed the validity of the Mexican and Brazilian version of the SMFA respectively, 

have performed a factor analysis. They both found a three-factor solution to be the most 

interpretable12,13. However, five items of the Mexican version failed to load on one of the 

three factors, so the authors recommended that these items of the questionnaire should be 

dropped12. Eight items of the Brazilian version of the SMFA did not clearly load into this 

three-factor solution, and these items were also dropped13. By dropping these items, both 

the Mexican and Brazilian version of the SMFA can no longer be compared to the original 

version or to versions in other languages which contain all items. In the present study, all 

items loaded on one of the four identified subscales. 

Overall, no floor effects, indicating a worst possible score, were found for the subscales of 

the SMFA-NL and the original SMFA. However, some ceiling effects, indicating a best 

possible score, were found for both the SMFA-NL and the original SMFA. Floor and ceiling 

effects were also assessed in the initial validation of the SMFA7. They too found no floor 

effects, but small ceiling effects. This difference in the amount of ceiling effects might be due 

to a difference in patient population. For the initial validation of the SMFA, 50% of the 

included patients had an acute fracture or soft-tissue injury of an extremity. In our study, 

120 of the 162 (74%) included patients were treated for their musculoskeletal injury or 

disorder at least six months before participation in this study. Hence, a large proportion of 

these respondents might no longer experience limitations in physical functioning. Large 

ceiling effects were found for the subscale Upper-extremity dysfunction of the SMFA-NL. 

Construct validity of the SMFA-NL was determined by comparing the scores of the subscales 

identified by means of factor analysis and the scores of the conventional subscales of the 

SMFA with the generic SF-36 and region-specific questionnaires. Moderate-to-strong 

correlations were found between the subscales of the SMFA-NL and the respective subscales 

of the SF-36. However, weak correlations were found between the subscale Upper-extremity 

dysfunction and the subscales of the SF-36. The Brazilian and Mexican version of the SMFA 

also contain an upper-extremity dysfunction subscale12,13. The correlations between this 
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subscale and the subscales of the SF-36 were weak too. These results can be explained by 

the fact that the SF-36 contains mostly items on physical dysfunction of the lower extremity. 

Moderate-to-strong correlations were found in this study between the conventional 

subscales of the SMFA and the respective subscales of the SF-36. Overall, the correlations 

between these conventional subscales and the SF-36 were comparable to the findings of 

Swiontkowski et al7 regarding the validation of the original SMFA and to the findings of 

several other language versions of the SMFA11-13,27,28. 

To our knowledge, this is the first study in which the validity of the SMFA is determined by 

means of several region-specific self-reported questionnaires. In this study the construct 

validity of the SMFA-NL to assess functional status of patients with musculoskeletal injuries 

or disorders to the upper extremity was proven: moderate-to-strong correlations were 

found between the SMFA-NL subscales and the DASH, and strong correlations were found 

between the conventional subscales of the SMFA and the DASH. Overall, the SMFA-NL 

subscales and the conventional SMFA subscales showed moderate-to-strong correlations 

with the respective subscales of the HOOS and KOOS, indicating good construct validity of 

the SMFA-NL to assess functional status of patients with musculoskeletal injuries or 

disorders to the hip and knee. Low correlations were found between the subscale Lower-

extremity dysfunction of the SMFA-NL and the KOOS subscale Symptoms. Since the items of 

the Symptoms subscale are very specific questions about knee symptoms, such as swelling in 

the knee and grinding, clicking noises when moving the knee, a low correlation was 

expected. Low correlations were found between the SMFA-NL subscale Lower-extremity 

dysfunction and the HOOS subscale Function in sport and recreation, while this subscale of 

the KOOS showed a strong correlation. This discrepancy can be caused by differences in 

patient population. A large proportion of the patient group with knee problems consisted of 

patients with meniscal repairs and knee arthrotomies, which are generally relatively young 

and physically active patients. The group of patients with hip problems consisted for a large 

part of patients who have underwent a total hip arthroplasty, or sustained a proximal 

femoral fracture, which are generally older and less physically active patients for who the 

questions about sport and recreation are less relevant. The SMFA-NL subscales and the 

conventional SMFA subscales demonstrated moderate-to-strong correlations with the 

respective subscales of the FFI. Hence, the SMFA-NL showed good construct validity to 

assess functional status in patients with foot problems. 
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In general, the results of this study showed that the SMFA-NL subscales Lower-extremity 

dysfunction, Upper-extremity dysfunction and Problems with ADL correlated well with the 

respective subscales of the SF-36 as well as the region-specific self-reported questionnaires, 

indicating good construct validity. The SMFA-NL subscale Mental and emotional problems 

showed weak-to-moderate correlations with the other questionnaires, since there was little 

similarity of the content of these subscales. 

A test-retest procedure was used to determine the repeatability of the SMFA-NL. 

Reproducibility of the SMFA-NL subscales was high, with no systematic bias between the 

first and second assessment. Repeatability of the conventional subscales was also high, with 

a small systematic bias of two points in the subscale Bother index. Overall, the intraclass 

correlation coefficients the conventional subscales were comparable to the findings of 

Swiontkowski et al7 regarding the repeatability of the original SMFA and to the findings of 

several other language versions of the SMFA10,12,13. The interpretation of the SEM, i.e. 

whether it should be interpreted as a large or small measurement error, depends on what 

changes are minimal important on the SMFA. Knowledge of the amount of measurement 

error adds to the clinical relevance when outcome measurements are used for evaluative 

purposes, such as evaluating the effect of surgery17. However, the minimal important 

changes on the SMFA have not been established yet. Further research is thus needed to 

determine the minimal important change on the SMFA. 

However, before determining the amount of change in score of the SMFA over time that is 

clinically important, the responsiveness of the SMFA, i.e. whether the SMFA is able to detect 

changes over time, should be assessed. Responsiveness of the SMFA-NL was moderate, as 

small-to-moderate standardized response means (SRMs) were found for the subscales 

Lower-extremity dysfunction, Problems with daily activities, and Mental and emotional 

problems of the SMFA-NL. The subscale Upper-extremity dysfunction showed a small SRM. 

The SRMs for the conventional subscales were also small. The sizes of the SRMs found in this 

study are lower compared to previous research into the responsiveness of the SMFA. 

Swiontkowski et al7 found moderate-to-large SRMs and Ponzer et al10 found large SRMs. 

These studies also used a time interval of approximately three months between the first and 

second test sessions. However, Swiontkowski et al7 reported SRMs per subgroup which were 

created based on a the question: “How is your health now compared to when you 

completed this survey before – worse/the same/better?”, and the study group of Ponzer et 
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al10 consisted only of patients with an acute fracture of the distal radius or ankle. In this 

study, the patient group consisted out of patients who were (surgically) treated within three 

months previous to the start of the study. They filled in the SMFA-NL for the second time 

two to three months after the first time. The lower SRMs found in this study might therefore 

be caused by the fact that some patients were already recovered at the first assessment of 

the SMFA-NL and, consequently, failed to show any improvement at the second assessment. 

The fact that the mean differences were small but their standard deviations were large 

underlines this notion. However, since the responsiveness of the original SMFA has been 

proven7, the responsiveness of the Swedish version10 was comparable to the original SMFA 

and since in this study with a small and relatively heterogeneous population already 

moderate SRMs were found, one can that in a larger and more homogeneous population of 

patients with acute musculoskeletal injuries the responsiveness of the SMFA-NL would be 

proven. Furthermore, the SRMs of the subscales of the SMFA-NL were larger compared to 

those of the conventional subscales of the SMFA, which indicates that the newly identified 

subscales of the SMFA-NL are more sensitive to change in functional status than the 

conventional subscales. 

 

Conclusion 

We successfully translated and culturally adapted a Dutch version of the Short 

Musculoskeletal Function Assessment Questionnaire (SFMA-NL). Both the conventional 

subscales of the SMFA and the by factor analysis identified four subscales of the SMFA-NL 

demonstrated sufficient internal consistency, validity, repeatability and responsiveness. 

Hence, this study showed that the SMFA-NL is a valid, reliable and responsive method for 

the assessment of functional status of patients who have a broad range of musculoskeletal 

disorders. 
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Appendix 1. Factor loadings for the four-factor solution of the SMFA-NL 

 Factor 1 Factor 2 Factor 3 Factor 4 

Item 
Lower-

extremity 

dysfunction 

Problems with 

daily activities 

Upper-extremity 

dysfunction 

Mental and 

emotional 

problems 

Difficulty getting in or out of a low chair 0.70 0.38 0.04 0.21 

Difficulty with opening medicine bottles or jars 0.02 0.20 0.78 0.28 

Difficulty with shopping for groceries or other things 0.51 0.58 0.37 0.14 

Difficulty with climbing stairs 0.83 0.31 0.00 0.14 

Difficulty with making a tight fist -0.01 0.16 0.82 0.02 

Difficulty with getting in or out of the bathtub or shower 0.72 0.32 0.28 0.06 

Difficulty with getting comfortable to sleep 0.18 0.24 0.40 0.47 

Difficulty with bending or kneeling down 0.78 0.20 0.04 0.14 

Difficulty with using buttons, snaps, hooks, or zippers 0.06 0.24 0.87 0.12 

Difficulty with cuting own fingernails 0.14 0.13 0.85 0.07 

Difficulty with dressing oneself 0.46 0.48 0.47 0.06 

Difficulty with walking 0.81 0.27 -0.12 0.15 

Difficulty with geting moving sitting or lying down 0.70 0.27 0.05 0.29 

Difficulty with going out by oneself 0.75 0.32 0.20 0.04 

Difficulty with driving 0.45 0.47 0.31 0.12 

Difficulty with cleaning oneself after going to the bathroom 0.67 0.26 0.30 -0.01 

Difficulty with turning knobs or levers -0.07 0.31 0.75 0.14 

How Difficulty is it for you to write or type? 0.24 0.15 0.70 0.19 

How Difficulty is it for you to pivot? 0.75 0.21 0.20 0.13 

Difficulty with doing usual physical recreational activities 0.54 0.64 0.09 0.08 

Difficulty with doing usual leisure activities 0.34 0.68 0.26 0.08 

Difficulty with sexual activity 0.58 0.31 0.20 0.27 

Difficulty with doing light housework or yard work 0.36 0.65 0.38 0.12 

Difficulty with doing heavy housework or yard work 0.33 0.67 0.35 0.23 

Difficulty with doing usual work 0.34 0.55 0.41 0.34 

Walking with a limp 0.72 0.25 -0.10 0.28 

Avoiding using painful limb(s) or back 0.25 0.66 0.13 0.25 

Leg locks or gives way 0.57 0.16 -0.03 0.17 

Problems with concentration 0.07 0.21 0.08 0.81 

Doing too much in one day affects what you do the next 

day 
0.34 0.55 0.19 0.43 

Acting irritable 0.11 0.21 0.00 0.67 

Being tired 0.19 0.27 0.14 0.71 
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Feeling disabled 0.41 0.67 0.12 0.38 

Feeling angry or frustrated 0.23 0.69 0.02 0.32 

Bothered by problems using hands, arms, or legs 0.27 0.71 0.28 0.24 

Bothered by problems using your back 0.41 -0.04 0.14 0.58 

Bothered by problems doing work around home 0.39 0.68 0.26 0.26 

Bothered by proplems with bathing, dressing, toileting 0.49 0.60 0.30 0.09 

Bothered by problems with sleep and rest 0.19 0.27 0.33 0.60 

Bothered by problems with leisure or recreational activities 0.32 0.75 0.15 0.18 

Bothered by problems with friends, family 0.20 0.34 0.14 0.49 

Bothered by problems with thinking, concentrating 0.03 0.21 0.13 0.79 

Bothered by problems adjusting or coping with injury 0.32 0.72 0.21 0.29 

Bothered by problems doing usual work 0.30 0.69 0.30 0.38 

Bothered by problems with feeling dependent on others 0.40 0.60 0.21 0.31 

Bothered by problems with stiffness and pain 0.33 0.60 0.16 0.42 
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1 Hoeveel moeite heeft u met het in of uit een lage stoel komen? 

 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      
      
2 Hoeveel moeite heeft u met het openen van medicijnflesjes of –potjes? 
 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      
      
3 Hoeveel moeite heeft u met het doen van uw dagelijkse boodschappen of anderszins winkelen? 

 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      
      

4 Hoeveel moeite heeft u met traplopen? 
 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      
      

5 Hoeveel moeite heeft u met het maken van een stevige vuist? 
 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      

      
6 Hoeveel moeite heeft u met het in of uit de douche of bad stappen? 

 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      
      

7 Hoeveel moeite heeft u met het makkelijk in slaap vallen? 
 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      
      

8 Hoeveel moeite heeft u met bukken of knielen? 
 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      
      

9 Hoeveel moeite heeft u met het gebruik van knopen, drukknopen, haakjes of ritsen? 
 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      
      
10 Hoeveel moeite heeft u met het knippen van uw eigen vingernagels? 
 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      
      
11 Hoeveel moeite heeft u met uzelf aankleden? 
 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      

We zijn geïnteresseerd in hoe u deze week omgaat met de gevolgen van uw letsel(s) of aandoening(en). We 
willen graag weten of u hierdoor problemen ondervindt in uw dagelijkse bezigheden. 
 
Graag elke vraag beantwoorden door het best passende antwoord aan te kruisen. 
 
Beantwoord alstublieft alle vragen, ook de vragen die ogenschijnlijk niet van toepassing zijn op uw letsel(s) of 
aandoening(en). 
 

De volgende vragen hebben betrekking op hoeveel moeite u deze week heeft met dagelijkse 
activiteiten als gevolg van uw letsel(s) of aandoening(en). 
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12 Hoeveel moeite heeft u met lopen? 
 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      
      

13 Hoeveel moeite heeft u met het in beweging komen nadat u heeft gezeten of gelegen? 
 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      
      

14 Hoeveel moeite heeft u met het zelfstandig de deur uit gaan? 
 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      

      
15 Hoeveel moeite heeft u met autorijden? 

 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      
      

16 Hoeveel moeite heeft u met het zelfstandig naar het toilet gaan? 
 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      
      

17 
Hoeveel moeite heeft u met het gebruiken van knoppen of hendels (bijvoorbeeld het openen van deuren of het 
open draaien van autoramen)? 

 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      
      

18 Hoeveel moeite heeft u met schrijven of typen? 
 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      

      
19 Hoeveel moeite heeft u met het draaien om uw as? 
 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      

      

20 
Hoeveel moeite heeft u met het uitvoeren van uw gebruikelijke lichamelijke recreatieve activiteiten, zoals fietsen, 
hardlopen of wandelen? 

 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      

      

21 
Hoeveel moeite heeft u met het uitvoeren van uw gebruikelijke vrijetijdsbesteding, zoals hobby’s, handwerken, 
tuinieren, kaarten of uitgaan met vrienden? 

 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      

      
22 Hoeveel moeite heeft u met seksuele activiteiten? 
 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      

      

23 
Hoeveel moeite heeft u met het verrichten van lichte huishoudelijke activiteiten of tuinwerkzaamheden, zoals 
afstoffen, afwassen of planten water geven? 

 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
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24 
Hoeveel moeite heeft u met het verrichten van zware huishoudelijke activiteiten of tuinwerkzaamheden, zoals 
vloeren dweilen, stofzuigen of grasmaaien? 

 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      
      

25 
Hoeveel moeite heeft u met het uitvoeren van uw dagelijkse werk, zoals een betaalde baan, huishouden of 
vrijwilligerswerk? 

 Geen moeite Geringe moeite Matige moeite Veel moeite Onmogelijk om te doen 
      

26 Hoe vaak loopt u mank? 

 Nooit Zelden Soms Meestal Altijd 
      
      
27 Hoe vaak vermijdt u gebruik van uw pijnlijke ledematen of rug? 
 Nooit Zelden Soms Meestal Altijd 
      
      
28 Hoe vaak zit uw knie op slot of gaat u door uw knie? 

 Nooit Zelden Soms Meestal Altijd 
      
      

29 Hoe vaak heeft u concentratieproblemen? 
 Nooit Zelden Soms Meestal Altijd 
      
      

30 Hoe vaak beïnvloedt het te veel doen op een dag uw bezigheden van de volgende dag? 
 Nooit Zelden Soms Meestal Altijd 
      

      
31 Hoe vaak gedraagt u zich geïrriteerd tegenover mensen om u heen (bijvoorbeeld mensen afsnauwen, kortaf 

reageren of snel bekritiseren)? 
 Nooit Zelden Soms Meestal Altijd 
      
      

32 Hoe vaak bent u moe? 
 Nooit Zelden Soms Meestal Altijd 
      
      

33 Hoe vaak voelt u zich lichamelijk beperkt? 
 Nooit Zelden Soms Meestal Altijd 
      
      

34 Hoe vaak voelt u zich boos of gefrustreerd vanwege uw letsel(s) of aandoening(en)? 
 Nooit Zelden Soms Meestal Altijd 
      

De volgende vragen informeren naar hoe vaak u deze week problemen ervaart, die veroorzaakt worden 
door uw letsel(s) of aandoening(en). 
 



 

35 In welke mate wordt u gehinderd door problemen bij het gebruik van uw armen, handen of benen? 

 Geen hinder Geringe hinder Matige hinder Veel hinder Extreem veel hinder 
      
      
36 In welke mate wordt u gehinderd door rugproblemen? 
 Geen hinder Geringe hinder Matige hinder Veel hinder Extreem veel hinder 
      
  
37 In welke mate wordt u gehinderd door problemen tijdens werkzaamheden rondom uw huis? 

 Geen hinder Geringe hinder Matige hinder Veel hinder Extreem veel hinder 
      
      

38 In welke mate wordt u gehinderd door problemen met douchen of in bad gaan, aankleden, naar het toilet gaan of 
andere persoonlijke verzorging? 

 Geen hinder Geringe hinder Matige hinder Veel hinder Extreem veel hinder 
      

      
39 In welke mate wordt u gehinderd door problemen met slapen en rusten? 

 Geen hinder Geringe hinder Matige hinder Veel hinder Extreem veel hinder 
      
      

40 In welke mate wordt u gehinderd door problemen bij vrijetijdsbesteding en recreatieve activiteiten? 
 Geen hinder Geringe hinder Matige hinder Veel hinder Extreem veel hinder 
      
      

41 
In welke mate wordt u gehinderd door problemen met uw vrienden, familie of andere belangrijke mensen in uw 
leven? 

 Geen hinder Geringe hinder Matige hinder Veel hinder Extreem veel hinder 
      
      

42 In welke mate wordt u gehinderd door problemen met nadenken, concentreren of onthouden? 
 Geen hinder Geringe hinder Matige hinder Veel hinder Extreem veel hinder 
      

      

43 
In welke mate wordt u gehinderd door problemen met aanpassen aan of omgaan met uw letsel(s) of 
aandoening(en)? 

 Geen hinder Geringe hinder Matige hinder Veel hinder Extreem veel hinder 
      

      
44 In welke mate wordt u gehinderd door problemen met het doen van uw dagelijkse werk? 
 Geen hinder Geringe hinder Matige hinder Veel hinder Extreem veel hinder 
      

      
45 In welke mate wordt u gehinderd door problemen met het afhankelijk voelen van anderen? 
 Geen hinder Geringe hinder Matige hinder Veel hinder Extreem veel hinder 
      

      
46 In welke mate wordt u gehinderd door problemen met stijfheid en pijn? 
 Geen hinder Geringe hinder Matige hinder Veel hinder Extreem veel hinder 
      

De volgende vragen hebben betrekking op in welke mate u deze week gehinderd wordt door 
problemen vanwege uw letsel(s) of aandoening(en). 
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Chapter 7 

 

Short Musculoskeletal Function 

Assessment: normative data for the 

general Dutch population 
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Abstract 

 

Background: The Short Musculoskeletal Function Assessment (SMFA) is widely used in both 

research and clinical practice. Despite its frequent use, normative data of the SMFA have 

remained limited. Aim of this study was to gather normative data for the Dutch SMFA 

(SMFA-NL).  

Methods: The SMFA-NL consists of two indices (function index and bother index) and four 

subscales (upper extremity dysfunction, lower extremity dysfunction, mental and emotional 

problems, and problems with daily activities). A total of 900 patients were invited to fill in 

the SMFA-NL. Six age groups (18-24, 25-34, 35-44, 45-54, 55-64, and 65-75 years) were 

constructed. Analysis of variance, t-tests and regression analyses were used to assess age- 

and gender-effects. 

Results: The response rate was 97%. There was a significant difference between men and 

women in scores on all indices and subscales (range: p<0.001 to p=0.002), except for the 

upper extremity dysfunction subscale (p=0.06). A significant interaction effect was found 

between gender and age for the upper extremity dysfunction subscale; a larger decrease in 

score with increasing age was observed for women, compared to men. Significant 

differences were found between age groups for the Bother index (p<0.001), lower extremity 

dysfunction subscale (p=0.001) and the problems with daily activities subscale (p = 0.002).  

Conclusion: Significant differences in SMFA-NL scores were found between men and women 

and between different age groups. These SMFA-NL normative data provide an opportunity 

of benchmarking health status of participants with musculoskeletal disorders or injuries 

against their age- and gender-matched peers in the Dutch population.  
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Introduction 

There has been a marked shift internationally in thinking about what health is and how it is 

measured. Traditional clinical ways of measuring health and the effects of treatment are 

increasingly accompanied by Patient Reported Outcome Measures (PROMs)1. PROMs can be 

described as an outcome reported directly by patients themselves and not interpreted by an 

observer. PROMs may include patient assessments of health status, quality of life, 

satisfaction with care or symptoms, or patient-reported adherence to medication2. To date, 

the use of PROMs is a requirement for clinical trials, funded by the US Food and Drug 

Administration (FDA)3. Since April 2009 the routine collection of PROMs is required by the 

National Health Services (NHS) in the United Kingdom to measure and improve clinical 

quality of specific elective surgical procedures, such as hip and knee replacement and 

inguinal hernia repair4,5. 

The challenge for clinicians is to interpret the meaningfulness of the scores, derived from 

PROMs. Some additional information is necessary to place scores, changes in scores, and 

scores for different ages and genders within a clinical context6. Traditionally, comparisons 

are made between pre- and post-treatment data to determine whether a treatment is 

responsible for change in functioning, relative to a control or comparison group7. However, 

in studies looking at acute-onset conditions (e.g. injury), participants are often recruited 

after the health event has taken place. In this case, participants can be asked to ‘recall’ their 

pre-onset health status8. Therefore, in studies regarding injured patients, retrospective 

measurements of pre-injury health status are often used for reference values9-11. However, 

these retrospective measurements may be subject to recall bias. When one is interested in 

clinical significance, Kendall et al raised two basic questions: (a) Is the amount of change 

that has occurred, large enough to be considered meaningful, and (b) Are treated 

individuals distinguishable from “normal individuals” serving as a reference group7? The first 

question regards the clinimetric properties of a questionnaire, such as the minimally 

important change (MIC) and the smallest detectable change (SDC)12. Normative 

comparisons address the second question. Specifically, a normative comparison addresses 

the issues of severity. Normative data can be used to assess whether patients treated for 

specific conditions, have returned to, or at least have come closer to their normative ranges 

of functioning6,13. Furthermore, normative comparison allows the assessment of the 

effectiveness of a treatment against a standard independent of the patients at issue7. 
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Additionally, the absence of population-based normative values may be a barrier to the 

routine use of patient reported outcome measures (PROMs) in clinical practice, because of 

the challenge of interpreting scores at the individual patient level14,15. In order to enhance 

multinational comparisons, PROMs need to be available in multiple languages, and 

normative data of these PROMs for different countries are needed.  

The Short Musculoskeletal Function Assessment (SMFA) is a widely used PROM to assess 

physical functioning of patients with a variety of musculoskeletal disorders16. The SMFA has 

been cross-culturally adapted to various languages17-23. The SMFA can be used to assess and 

to compare different types of musculoskeletal injuries and disorders. The SMFA is 

recommended by the American Academy of Orthopedic Surgeons (AAOS) for use in clinical 

practice to assess the effectiveness of treatment regimens and in musculoskeletal research 

settings to study the clinical outcomes of treatment24. Hence, the SMFA is widely used in 

clinical research into musculoskeletal injuries of the upper and lower extremities25-27. The 

normative values for the SMFA in the general population of the United States have been 

published6,28. Recently, the SMFA has been translated and cross-culturally adapted into 

Dutch (SMFA-NL)20. The SMFA-NL was found to be a valid and reliable PROM. However, 

normative values of the SMFA-NL are not yet established for the Dutch population. The aim 

of this study was therefore to gather normative data of the SMFA-NL in a general Dutch 

population sample. 

 

Materials and Methods 

Questionnaire 

The original American SMFA consists of 46 items ordered as two indices: the function index 

(34 items) and the bother index (12 items)16. The Dutch version of the SMFA (SMFA-NL)20 

can be divided, next to the two indices, into four subscales: the upper extremity dysfunction 

(6 items), lower extremity dysfunction (12 items), problems with daily activities (20 items) 

and mental and emotional problem (8 item) subscales. All items are scored on a 5-item 

Likert scale, ranging from 1 (good function/not bothered) to 5 (poor function/extremely 

bothered). Total scores on the subscales are calculated by summing the responses to the 

individual items and transforming the scores so that the range is from zero to 100, with 

higher scores indicating poorer function16,20.  
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Next to basic demographic characteristics, such as age and gender, information on marital 

status, educational level and current health problems were obtained. Current health 

problems (within the previous six months) were obtained by means of a questionnaire, 

comprising 12 chronic health conditions. This questionnaire is developed by the Dutch 

National Institute for Public Health and the Environment to assess health conditions of the 

Dutch population29. A web-based questionnaire was developed, containing the SMFA-NL 

and questions regarding demographic characteristics and chronic health conditions. 

 

Sample and data collection 

A population-based sample was randomly chosen from the database of respondents of an 

independent marketing firm, which contained postal codes from all provinces of The 

Netherlands. Stratified random sampling was used to avoid bias because of gender and age 

differences. Furthermore, the aim was to obtain a fixed precision for each age and gender 

group estimate rather than to represent the demographics of the entire Dutch population. 

Six age groups (18-24, 25-34, 35-44, 45-54, 55-64, and 65-75 years) were constructed. Of 

these age groups, 50% of the approached participants were women. Previous research with 

the SMFA-NL has shown a response rate of around 65%6,20. Hence, in order to achieve a 

sample size of 100 participants per age group, a total sample of 900 persons was recruited. 

The sample was recruited by email, in which the purpose of the study was explained, and it 

contained a link to the website with the electronic questionnaire. Non-responders were 

reminded once.  

 

Statistical analysis 

Descriptive statistics, including means, standard deviations and 95% confidence intervals, 

were calculated to present the normative data. Data of the subscales were transposed, so 

that higher scores indicated better function. To determine the internal consistency of the 

American indices and the four Dutch subscales of the SMFA-NL, Cronbach’s alpha was 

calculated. It is widely accepted that Cronbach’s alpha should be between 0.70 and 0.9512.  

Differences between men and women were tested with independent t-tests. To assess 

differences between age groups, an Analysis of Variance (ANOVA) with Bonferroni post-hoc 

analysis was performed. Multiple linear regression analysis was used to analyze if there was 

a significant interaction between gender and age groups. Cases that contained one or more 
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missing items in an index or subscale of the SMFA-NL, were excluded from further analysis 

for that certain subscale. Statistical analyses were performed using IBM SPSS Statistics for 

Windows, Version 20.0. Armonk, NY: IBM Corp. 

 

Results 

875 subjects (97%) responded to the questionnaire. The demographic characteristics of the 

respondents are presented in Table I. Gender was equally distributed among the age 

groups. All of the 875 respondents reported whether they had a chronic health condition 

(Table II). Of the 875 returned questionnaires, 623 (71%) did not have missing items, 163 

(19%) of the questionnaires had 1 missing item, 49 (6%) had two missing items and 40 (5%) 

had three or more missing items. Of the 46 items of the SMFA, item 15 and 22 were missing 

in 7.8% and 6.7% of all cases respectively (Table III). These were items regarding driving a 

vehicle and sexual activity. Excellent Cronbach’s alpha values (≥0.87) were obtained for all 

subscales and indices (Table IV). 

 

Table I. Demographic characteristics of the respondents 
  

Demographics N (%) 

Age (years) (N=864)  

 18-24 146 (17) 

 25-34 141 (16) 

 35-44 148 (17) 

 45-54 138 (16) 

 55-64 143 (17) 

 65-75 148 (17) 

Gender (N=840)  

 Male 420 (50) 

 Female 420 (50) 

Marital Status (N=811)  

 Single 220 (27) 

 With partner 322 (40) 

 With partner and children 236 (29) 

 With children 33 (4) 

Educational level (N=864)  

 Elementary school 22 (3) 

 High school 307 (35) 

 College 268 (31) 

 Bachelor’s degree or higher 267 (31) 
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Table II. Reported chronic health conditions per age group 

 

 Age groups* 

Chronic Health Condition  18-24 25-34 35-44 45-54 55-64 65-75 

Migraine  54 (37) 36 (26) 33 (22) 44 (32) 25 (18) 22 (15) 
Hypertension 10 (7) 10 (7) 13 (9) 35 (25) 59 (41) 63 (43) 
Osteoarthritis 4 (3) 5 (4) 15 (10) 19 (14) 48 (34) 64 (44) 
Asthma, chronic bronchitis, lung emphysema 22 (15) 13 (9) 23 (16) 15 (11) 25 (18) 16 (11) 
Severe spinal disease, including disc hernia 8 (6) 9 (6) 19 (13) 23 (17) 21 (15) 30 (20) 
Inflammatory bowel disease 11 (8) 12 (9) 14 (10) 9 (7) 9 (6) 8 (5) 
Rheumatoid arthritis 4 (3) 8 (6) 11 (7) 11 (8) 9 (6) 20 (14) 
Diabetes mellitus 2 (1) 3 (2) 3 (2) 8 (6) 15 (12) 33 (23) 
Heart failure 2(1) 2 (1) 2 (1) 5 (4) 13 (9) 11 (7) 
Myocardial infarction or angina pectoris 2 (1) 1 (1) 1 (1) 1 (1) 7 (5) 14 (10) 
Cancer 1 (1) 1 (1) 4 (3) 2 (1) 6 (4) 9 (6) 
Stroke 0 (0) 2 (1) 2 (1) 4 (3) 3 (2) 5 (3) 

Number of chronic health conditions      

None 70 (48) 75 (53) 69 (47) 49 (36) 38 (27) 31 (21) 

One 45 (31) 45 (32) 47 (32) 44 (32) 40 (28) 36 (24) 

Two 23 (16) 13 (9) 16 (11) 22 (16) 34 (24) 38 (26) 

Three or more  8 (5) 8 (6) 16 (11) 23 (17) 31 (22) 43 (29) 

*Data are presented as N (%)       

 

Table III. Number of missing values per item of the SMFA-NL 

Number of missing values per item 

Item number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Not answered 0 7 3 7 8 4 2 6 8 9 14 13 13 14 68 14 
% not answered 0.0 0.8 0.3 0.8 0.9 0.5 0.2 0.7 0.9 1.0 1.6 1.5 1.5 1.6 7.8 1.6 
Item number 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 
Not answered 8 6 9 5 6 59 8 4 32 11 22 14 11 11 10 6 
% not answered 0.9 0.7 1.0 0.6 0.7 6.7 0.9 0.5 3.7 1.3 2.5 1.6 1.3 1.3 1.1 0.7 
Item number 33 34 35 36 37 38 39 40 41 42 43 44 45 46   
Not answered 10 7 3 4 3 4 6 7 8 6 9 5 7 5   
% not answered 1.1 0.8 0.3 0.5 0.3 0.5 0.7 0.8 0.9 0.7 1.0 0.6 0.8 0.6   

 

 

Table IV. Internal consistency of the SMFA-NL 

Internal consistency of the SMFA-NL 

 n No. of items Cronbach’s alpha 

Indices    

 Function Index 643 34 0.96 

 Bother Index 832 12 0.94 

Subscales    

 Upper extremity dysfunction 842 6 0.91 

 Lower extremity dysfunction 751 12 0.92 

 Problems with daily activities 717 20 0.97 

 Mental and emotional problems 841 8 0.87 
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Statistically significant differences in SMFA-NL scores were found between men and women 

on all indices and subscales (ranging from p < 0.001 to p = 0.002), except for the upper 

extremity dysfunction subscale (p = 0.06). A significant interaction was found between 

gender and age groups for the upper extremity dysfunction subscale (p = 0.03), indicating 

that the effect of aging on the upper extremity function is different for men and women. No 

interaction effects were found for the other subscales and indices. These analyses were not 

adjusted for other demographic characteristics. 

Significant differences in scores on the bother index and two subscales were found between 

various age groups. With regard to the bother index, significant differences were found 

between age groups 18-24 and 45-54 (p = 0.03), 18-24 and 55-64 (p < 0.01) and 18-24 and 

64-75 (p = 0.03). For the lower extremity dysfunction subscale, significant differences were 

seen between age groups 18-24 and 65-74 (p = 0.03), 25-34 and 55-64 (p = 0.05), and 25-34 

and 65-74 (p = 0.01). For the problems with daily activities subscale, significant differences 

were found between age groups 18-24 and 55-64 (p = 0.01), and 25-34 and 55-64 (p = 0.04). 

No significant differences in scores on the function index (p = 0.22), the upper extremity 

dysfunction subscale (p = 0.09) and mental and emotional problems subscale (p = 0.83) were 

observed between the age groups. 

In Table V, the normative data of the SMFA-NL are presented. Mean scores of the function 

index and bother index were 88.5 (SD 13.2) and 87.0 (SD 17.5) respectively. Mean scores of 

the lower extremity dysfunction, problems with daily activities, and mental and emotional 

problems were 89.9 (SD 14.2), 87.8 (SD 17.7) and 78.7 (SD 17.2) respectively. Because of the 

interaction effect between age and gender for the upper extremity dysfunction subscale, 

age- and gender specific normative data are presented for this subscale. Mean score for the 

upper extremity dysfunction subscale was 96.5 (SD 9.3) for men and 93.8 (SD 13.6) and for 

women.  

Age- and gender specific normative data for all indices and subscales are presented in 

“Appendix 1”. 

 
 
 
 
 
 
 



127 
 

Table V. Normative data for the SMFA-NL 

 Normative data for the SMFA-NL  

  N Mean (SD) 95% CI 

Indices  
 Function Index 
 18-24 121 90.0 (12.2) 87.8 – 92.2 
 25-34 112  89.8 (12.7) 87.4 – 92.2 
 35-44 113 89.3 (13.3) 86.8 – 91.8 
 45-54 98 87.6 (14.1) 84.7 – 90.4 
 55-64 106 86.5 (12.7) 84.1 – 89.0 
 65-75 83 87.1 (13.5) 84.1 – 90.0 
 Males 321 90.2 (11.2) 88.9 – 91.4 
 Females 296 86.6 (14.7) 84.9 – 88.3 
 Total 643 88.5 (13.2) 87.4 – 89.5 
 Bother index 
 18-24 141 91.3 (14.2) 88.9 – 93.6 
 25-34 137 90.6 (14.8) 88.1 – 93.1 
 35-44 142 87.0 (19.3) 83.8 – 90.2 
 45-54 135 84.6 (18.6) 81.5 – 87.8 
 55-64 134 83.1 (17.7) 80.1 – 86.1 
 65-75 133 84.7 (18.7) 81.5 – 87.9 
 Males 401 88.8 (15.2) 87.3 – 90.3 
 Females 398 84.7 (19.5) 82.8 – 86.7 
 Total 832 87.0 (17.5) 85.8 – 88.2 
Subscales   
 Upper extremity dysfunction  
  Males  
  18-24 47 98.4 (7.6) 96.2 – 100.0 
  25-34 53 96.2 (12.2) 92.9 – 99.6 
  35-44 57 96.8 (9.2) 94.3 – 99.2 
  45-54 76 96.9 (7.2) 95.3 – 98.6 
  55-64 86 95.4 (9.2) 93.5 – 97.5 
  65-75 83 96.1 (10.1) 93.9 – 98.3 
  Total 403 96.5 (9.3) 95.6 – 97.4 
  Females    
  18-24 87 95.8 (10.1) 93.7 – 98.0 
  25-34 75 96.6 (10.3) 94.3 – 99.1 
  35-44 81 94.1 (15.0) 90.9 – 97.5 
  45-54 57 94.2 (13.8) 90.6 – 97.9 
  55-64 49 89.2 (13.7) 85.3 – 93.2 
  65-75 52 89.5 (17.5) 84.6 – 94.4 
  Total 405 93.8 (13.6) 95.4 – 95.1 
 Lower extremity dysfunction  
 18-24 131 92.0 (13.5) 89.6 – 94.3 
 25-34 126 92.9 (12.3) 90.7 – 95.1 
 35-44 135 90.9 (14.6) 88.4 – 93.4 
 45-54 117 89.0 (14.7) 86.3 – 81.7 
 55-64 120 87.6 (13.8) 85.1 – 90.1 
 65-75 112 86.4 (14.8) 83.6 – 89.1 
 Males 369 90.9 (12.8) 90.9 – 92.2 
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 Females 353 88.8 (15.4) 87.2 – 90.4 
 Total 751 89.9 (14.2) 88.8 – 90.9 
 Problems with daily activities  
 18-24 132 91.4 (14.5) 88.6 – 93.9 
 25-34 124 90.5 (15.4) 87.7 – 93.2 
 35-44 123 88.7 (16.9) 85.7 – 91.7 
 45-54 112 85.2 (19.6) 81.5 – 88.8 
 55-64 115 83.9 (17.9) 80.6 – 87.2 
 65-75 100 86.0 (17.3) 82.6 – 89.4 
 Males 357 89.6 (14.7) 89.6 – 91.1 
 Females 329 85.5 (19.3) 83.4 – 87.6 
 Total 717 87.8 (17.1) 86.5 – 89.0 
 Mental and emotional problems 
 18-24 141 78.5 (16.0) 75.9 – 81.2 
 25-34 138  79.5 (17.2) 76.6 – 82.4 
 35-44 144 77.8 (20.1) 74.5 – 81.1 
 45-54 133 78.1 (17.6) 75.1 – 81.2 
 55-64 138 78.0 (15.3) 75.4 – 80.6 
 65-75 137 80.2 (17.1) 77.3 – 83.1 
 Males 407 81.9 (15.1) 80.4 – 83.4 
 Females 401 75.2 (18.7) 73.3 – 77.0 
 Total 841 78.7 (17.2) 77.6 – 79.9 

 
 
 
Discussion 

The definition of health is changing. WHO defined it in 1948 as ‘a state of complete physical, 

mental and social well-being and not merely the absence of disease or infirmity’. Recently, 

Huber et al30 proposed changing the emphasis towards the ability to adapt and self-manage 

in the face of social, physical, and emotional challenges. Patients’ perspective regarding 

their health status is gaining popularity in clinical research as well as in daily clinical practice. 

PROMS are increasingly used to capture these perspectives.  

The SMFA was developed as an instrument to assess physical functioning of patients with a 

variety of musculoskeletal disorders16. Aim of this study was to gather normative data of the 

SMFA-NL of the Dutch population. Normative data are essential in the process of exploring 

the gap between patients with musculoskeletal injuries and the general population, 

determining therapeutic effectiveness or whether a patient has recovered to an acceptable 

level of functioning. Yet, it is not clear if the general population scores are representative for 

specific subsets of the general population, like trauma patients. However, the general 

population scores represent an acceptable level of functioning for those who are recovering 

from an injury or disease. 
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Internal consistency of the two indices and four subscales of the SMFA-NL were high, with 

Cronbach’s alpha values exceeding 0.87. These results are in line with previous studies 

regarding the clinimetric properties of the SMFA. Swiontkowski et al16 reported high internal 

consistency measures (0.95) for both the function index and bother index of the original 

SMFA questionnaire. Reininga et al20 reported high Cronbach’s alpha values (>0.85) for the 

SMFA-NL. These values were comparable to other cross-cultural adaptation studies of the 

SMFA as well18, 21-23.  

Little normative data of the SMFA have been published. Hunsaker et al6 reported normative 

data for the general population of the United States. The normative data for the function 

index and the bother index found in this study are comparable to the normative data found 

by Hunsaker et al6 However, Hunsaker et al6 have not presented normative data for men 

and women separately, nor for different age groups. These have been presented by Barei et 

al28, however only for the function index.  

In this study, significant differences in SMFA-NL scores between men and women were 

found for both indices and all subscales, except for the upper extremity dysfunction 

subscale. Barei et al28 also reported significant differences in normative values of the 

function index between men and women. The difference in scores of the upper extremity 

dysfunction subscale between men and women was borderline significant (p=0.06). 

The present study showed significant differences between age groups in scores on the 

bother index, and the lower extremity dysfunction and problems with daily activities 

subscales. Further exploration showed that these results were due to differences between 

the two youngest (18-24 and 25-34) and the two eldest (55-64 and 65-75) age groups. These 

differences in SMFA-NL scores might be due to aging.  

A significant interaction effect was found in this study between gender and age for the 

upper extremity dysfunction subscale. Scores on the upper extremity dysfunction subscale 

showed a larger decrease in score with increasing age for women, compared to men. 

Differences in SMFA scores between age groups or an interaction effect between gender 

and age have not been reported in previous studies on normative values of the SMFA. This 

same kind of interaction between age and gender, has been found in normative data of the 

Disabilities of Arm, Shoulder and Hand (DASH) PROM31. 

Interpretability (e.g. the clinical relevance) of the (differences in) scores on the indices and 

subscales of the SMFA-NL remains difficult, since a minimal important change (MIC) score 
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has not yet been established. Hence, further research into the interpretability of the SMFA, 

such as the minimally important change, is needed. 

Some strong points and limitations of this study have to be addressed. First of all, the 

response rate in this study was high (97%) and, overall, the number of missing values was 

low. Questions regarding driving a vehicle and sexual activity had the most missing values 

(7.8% and 6.7% respectively). Both questions were more often left unanswered by elderly. 

Additionally, the sample size of the age- and gender specific normative data might be seen 

as a possible limitation. However, the 95% confidence intervals of the age- and gender-

specific normative data were narrow. Additionally, because the sampling of this study was 

gender- and age group-specific, demographic data of the total study population were 

slightly different from the total Dutch population. However, the study sample was randomly 

drawn from a large database and the random sample was drawn contained on postal codes 

of all Dutch provinces. Overall, the prevalence of reported chronic diseases and 

multimorbidity in the present study were slightly higher compared to other data reported 

for the Dutch population33. However, these data for the Dutch population were based on 

data provided by Dutch general practitioners. Several studies have shown that, when using 

self-reported questionnaires, the prevalence of chronic diseases is higher compared to data 

reported by the general practitioner34, 35. However, per age group, demographic data were 

considered to be representative for the Dutch population32.  

In conclusion, this study provides normative data for the Dutch SMFA (SMFA-NL). The 

normative values were comparable to previously published normative data of the SMFA. 

Significant differences in SMFA-NL scores were found between men and women and 

between different age groups, which stresses the importance of presenting age- and 

gender-specific normative values of the SMFA-NL. These SMFA-NL normative values provide 

an opportunity of benchmarking health status of participants with musculoskeletal disorders 

or injuries against their age- and gender-matched peers in the Dutch population. Whether 

these values are representative for specific subsamples of the general population, for 

example trauma patients, has to be established. 
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APPENDIX 1: Age- and gender specific normative data for the SMFA-NL. 

  Age- and gender specific normative data for the SMFA-NL 

    N Mean (SD) 95% CI   N Mean (SD) 95% CI 

Indices 
 Function Index 
  Males 

 
Females 

  18-24  38 93.8 (8.2) 91.1 – 96.5 
 

18-24 78 88.4 (13.0) 84.5 – 91.3 
  25-34 46 91.0 (14.2) 86.7 – 95.2 

 
25-34 62 88.6 (11.9) 85.6 – 91.6 

  35-44 50 91.1 (11.6) 87.6 – 94.4 
 

35-44 61 87.7 (14.6) 83.9 – 91.4 
  45-54 63 88.0 (13.6) 84.6 – 91.5 

 
45-54 33 87.0 (15.6) 81.5 – 92.5 

  55-64 66 89.1 (9.7) 86.8 – 91.5 
 

55-64 36 82.0 (15.4) 76.8 – 87.2 
  65-75 57 89.8 (8.1) 87.7 – 91.9 

 
65-75 22 79.6 (21.2) 70.2 – 89.0 

  Total 321 90.2 (11.2) 88.9 – 91.4 
 

Total 296 86.6 (14.7) 84.9 – 88.3 
 Bother Index   
  Males 

 
Females 

  18-24  46 94.1 (10.1) 91.1 – 97.1 
 

18-24 91 89.5 (16.0) 86.2 – 92.8 
  25-34 54 93.1 (13.8) 89.3 – 96.9 

 
25-34 75 88.0 (15.7) 84.4 – 91.6 

  35-44 62 91.1 (14.2) 87.5 – 94.7 
 

35-44 78 83.5 (22.2) 78.5 – 88.5 
  45-54 74 86.3 (17.2) 82.3 – 90.3 

 
45-54 57 82.5 (20.5) 77.1 – 88.0 

  55-64 84 86.1 (15.3) 82.8 – 89.4 
 

55-64 46 77.9 (19.9) 72.0 – 83.8 
  65-75 80 86.1 (15.8) 82.6 – 89.7 

 
65-75 48 81.3 (22.9) 74.7 – 88.0 

  Total 401 88.8 (15.2) 87.3 – 90.3 
 

Total 398 84.7 (19.5) 82.8 – 86.7 

Subscales N Mean (SD) 95% CI   N Mean (SD) 95% CI 
 Upper extremity dysfunction   
  Males  

 
Females    

  18-24 47 98.4 (7.6) 96.2 – 100.0 
 

18-24 87 95.8 (10.1) 93.7 – 98.0 
  25-34 53 96.2 (12.2) 92.9 – 99.6 

 
25-34 75 96.6 (10.3) 94.3 – 99.1 

  35-44 57 96.8 (9.2) 94.3 – 99.2 
 

35-44 81 94.1 (15.0) 90.9 – 97.5 
  45-54 76 96.9 (7.2) 95.3 – 98.6 

 
45-54 57 94.2 (13.8) 90.6 – 97.9 

  55-64 86 95.4 (9.2) 93.5 – 97.5 
 

55-64 49 89.2 (13.7) 85.3 – 93.2 
  65-75 83 96.1 (10.1) 93.9 – 98.3 

 
65-75 52 89.5 (17.5) 84.6 – 94.4 

  Total 403 96.5 (9.3) 95.6 – 97.4 
 

Total 405 93.8 (13.6) 95.4 – 95.1 
 Lower extremity dysfunction   
  Males  

 
Females    

  18-24 40 96.4 (8.1) 93.7 – 99.0 
 

18-24 86 90.1 (14.5) 87.0 – 93.2 
  25-34 50 92.6 (14.3) 88.5 – 96.6 

 
25-34 70 92.9 (11.1) 90.2 – 95.5 

  35-44 59 93.4 (11.6) 90.4 – 96.4 
 

35-44 74 88.8 (16.6) 84.9 – 92.6 
  45-54 68 89.0 (15.8) 85.1 – 92.8 

 
45-54 47 89.0 (13.5) 85.0 – 92.9 

  55-64 77 89.7 (10.8) 87.2 – 92.1 
 

55-64 39 83.9 (17.4) 78.2 – 89.5 
  65-75 74 87.5 (12.3) 84.6 – 90.4 

 
65-75 33 83.0 (19.5) 76.1 – 89.9 

  Total 369 90.9 (12.8) 89.5 – 92.2 
 

Total 353 88.8 (15.4) 87.2 – 15.4 
 Problems with daily activities   
  Males  

 
Females    

  18-24 44 94.3 (10.4) 91.2 – 97.5 
 

18-24 84 89.5 (16.4) 86.0 – 93.1 
  25-34 50 92.3 (15.8) 87.8 – 96.8 

 
25-34 67 88.6 (15.7) 84.8 – 92.4 

  35-44 57 91.3 (13.2) 87.8 – 94.4 
 

35-44 64 86.3 (19.6) 81.4 – 91.2 
  45-54 68 86.7 (17.6) 82.5 – 91.0 

 
45-54 40 82.4 (22.9) 75.0 – 89.7 

  55-64 72 87.0 (14.9) 83.5 – 90.5 
 

55-64 39 78.5 (20.6) 71.8 – 85.2 
  65-75 65 88.4 (13.4) 85.1 – 91.8 

 
65-75 31 79.4 (23.0) 71.0 – 87.9 
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  Total 357 89.6 (14.7) 88.0 – 91.1 
 

Total 329 85.5 (19.3) 19.3 – 87.6 
 Mental and emotional problems   
  Males  

 
Females    

  18-24 47 83.1 (12.8) 79.3 – 86.9 
 

18-24 90 75.9 (17.1) 72.4 – 79.5 
  25-34 54 83.6 (14.7) 79.6 – 87.6 

 
25-34 77 75.7 (18.4) 71.5 – 79.9 

  35-44 62 83.1 (17.5) 87.7 – 87.6 
 

35-44 80 73.4 (21.0) 68.7 – 78.0 
  45-54 73 79.4 (16.9) 75.5 – 83.3 

 
45-54 56 76.8 (18.5) 71.8 – 81.7 

  55-64 86 80.3 (14.1) 77.3 – 83.4 
 

55-64 48 73.8 (16.3) 69.0 – 78.5 
  65-75 84 82.8 (13.9) 79.8 – 85.8 

 
65-75 47 75.1 (21.1) 86.9 – 81.3 

  Total 407 81.9 (15.1) 80.4 – 83.4 
 

Total 401 75.2 (18.7) 73.3 – 77.0 
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Abstract 

 

Background: The management of femoral shaft fractures using intramedullary nailing is a 

popular method. The purpose of this study was to evaluate the long-term functional 

outcome after antegrade or retrograde intramedullary nailing of traumatic femoral shaft 

fractures. We further determined predictors of these functional outcome scores. 

Methods: In a retrospective study, patients with a femoral shaft fracture but no other 

injuries to the lower limbs or pelvis were included. 59 Patients met the inclusion criteria. 

Functional outcome scores (Short Musculoskeletal Functional Assessment (SMFA), Western 

Ontario and McMaster University Osteoarthritis (WOMAC) index, Harris Hip Score (HHS) and 

the Lysholm knee function scoring scale) were measured at a mean of 7.8 years (± 3.5 yrs) 

postoperatively. The visual analog scale (VAS) was used to determine pain complaints of the 

lower limb.  

Results: The ROM of the hip and knee joints was comparable between the injured and 

uninjured leg, regardless of the nailing technique. Correlation between range of motion and 

the final outcome scores was found to be fair to moderate. Even years after surgery, 17% of 

the patients still reported moderate to severe pain. A substantial correlation was observed 

between VAS and the patient-reported outcome scores. The most significant predictor of 

functional outcome was pain in the lower limb. 

 Conclusions: Our findings suggest that the ROM of hip and knee returns to normal over 

time, despite the used nailing method. However, pain in the lower limb is an important 

predictor and source of disability after femoral shaft fractures, even though most patients 

achieved good functional outcome scores. 
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Introduction 

The management of femoral shaft fractures using antegrade or retrograde intramedullary 

nailing are popular methods. Disadvantages of antegrade nailing of the femur include the 

risk of injury to the hip abductors or its nerve supply1, the risk of heterotopic ossification 

about the hip2,3, and implant related pain4. These complications can be avoided using 

retrograde nailing. This technique has been advocated in cases of polytrauma; ipsilateral 

pelvic, acetabular, tibial and femoral neck fractures; bilateral femur fractures; obese and 

pregnant patients3-8. Retrograde nailing involves a transarticular approach and may result in 

complications of the knee, including infection, damage to the articular cartilage and 

persistent knee pain3,4,9.  

Multiple studies of both techniques have demonstrated comparable union rates and low 

rates of infection and malunion3,4,10-13. Only a few studies have investigated the functional 

outcome of patients undergoing intramedullary nailing of femoral shaft fractures. In these 

reports, the main focus has been postoperative muscle-testing. These studies suggest that 

musculoskeletal deficits may last for years14-16.  

The purpose of this retrospective cohort study was to evaluate the long-term functional 

outcome after intramedullary nailing of traumatic femoral shaft fractures by using one 

generic and three disease-specific patient-reported outcome measures. We further 

determined predictors of these functional outcome scores.  

 

Materials and methods 

In this retrospective study, patients with a traumatic femoral shaft fracture AO/OTA 

(Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic Trauma Association) type 32 A-

C were included. Between January 1996 and December 2007, 158 patients were treated 

with antegrade and 95 patients with retrograde intramedullary nailing. All nails were 

inserted without reaming. The patients were evaluated with clinical and radiological 

examinations at 6 weeks, and at 3, 6, 9, 12 and 18 months postoperatively. Data from serial 

clinical and radiographic examinations were reviewed by two authors (MEM and EHV). 

We enrolled only adult patients, aged between 18 and 65 years. Additional inclusion criteria 

were a minimal follow-up of one year, and a healed fracture. Only patients with a femoral 

shaft fracture but no other injuries to the lower limbs or pelvis were included. Exclusion 

criteria were a pathologic fracture, bilateral femoral fractures, insufficient follow-up data, 
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and a history of previous trauma to the lower limbs. This study was approved by our 

institutional review board, and all included patients gave their informed consent. 

Once included and contacted, the patients were invited for a follow-up visit. Parameters 

that were retrieved included age, sex, mechanism of injury, associated injuries, injury 

severity score (ISS), side of fracture, AO/OTA type of fracture, location (proximal, middle or 

distal third) of fracture, degree of soft-tissue injury, in-hospital complications, used nail and 

method (antegrade or retrograde nailing). Range of motion (ROM) was measured by a 

goniometer using the neutral-0-method. Angular malalignment was measured 

radiographically and was defined as > 10 degrees angulation. Rotational malalignment was 

determined clinically and defined as > 10 degrees malrotation. Axial malunion was present if 

limb length discrepancy was present of > 2 cm. 

We defined non-union as failure of clinical and radiological healing at one year. The clinical 

criteria to define a healed fracture were absence of pain or tenderness at the fracture site 

with weight-bearing. Radiographic criteria used to assess healing of the fracture were 

defined as cortical bridging callus on at least three of the four cortices on the 

anteroposterior and lateral radiographs. 

Patient-based functional outcome assessment was obtained with 4 functional outcome 

questionnaires. The Short Musculoskeletal Functional Assessment (SMFA) is a validated 

general functional outcome measure used to assess outcome for a variety of 

musculoskeletal disorders17. The SMFA consists of the dysfunction index, which has thirty-

four items for the assessment of patient function, and the bother index, which has twelve 

items for the assessment of how much patients are bothered by functional problems. The 

score is a dysfunction measure in which 0 indicates normal function and 100 reflects 

maximum dysfunction. The Harris Hip Score (HHS) is a disease-specific test used to provide 

an evaluation system for various hip disabilities and methods of treatment18. This 

observational assessment tool gives a maximum of 100 points and the items include pain 

(44 points), function (47 points), range of motion (5 points) and deformity (4 points). A total 

HHS below 70 points is considered a poor result, 70-80 fair, 80-90 good, and 90 to 100 

excellent. The (Dutch) Western Ontario and McMaster University Osteoarthritis Index 

(WOMAC)19,20 is a disease-specific, self-administered health measure developed to study 

patients with arthritis of the hip or knee. The index contains the domains of pain, stiffness 

and physical function. We calculated standardized total scores and subscores for pain, 
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stiffness and function, all potentially ranging from 0 (worst score) and 100 (best score). 

Originally designed for assessment of ligament injuries of the knee, the Lysholm knee 

score21 has been used for a variety of knee conditions22,23. The Lysholm knee score, a 

disease-specific health measure, evaluates functional disability of the knee using the items 

instability (25 points), pain (25 points), locking (15 points), swelling (10 points), stair 

climbing (10 points), squatting (5 points), limp (5 points), and use of support (5 points). The 

overall score ranges from 0 (worst score) to 100 (best score). The visual analogue score 

(VAS; 0 – 10 cm) is used to determine pain in the lower limb (0=none, 1-3=mild, 4-

6=moderate, 7-10=severe). 

 

Statistical Methods 

Categorical variables were summarised as frequencies. Continous data were expressed as 

mean and standard deviation. Mann-Whitney test was used to evaluate differences wih 

regard to the functional outcome scores between dichotomous variables. Differences 

between the injured and uninjured leg were analyzed using Wilcoxon Signed Ranks Test. 

Spearman’s correlation coefficient was used to assess the association of continuous 

variables (age, ISS, ROM of the hip and knee, and VAS) with the patient-reported functional 

outcome questionnaires. According to the method of Landis and Koch24 correlation 

coefficients of 0 to 0.20 represent slight agreement, 0.21 to 0.40 fair, 0.41 to 0.60 moderate, 

0.61 to 0.80 substantial, and greater than 0.80 almost perfect agreement. A two-tailed p-

value of < 0.05 was considered significant. 

In order to account for possible confounding with other variables, we also performed a 

multivariable linear regression analysis, using the forward method. The number of 

explanatory variables that can be included in the multivariable linear regression analysis is 

limited by the sample size of this study. Instead of entering all potential explanatory 

variables, we selected only those that were either significant or nearly significant (p<0.10) in 

the bivariate analysis.  

  

Results 

Of the 79 patients who met the study criteria, 16 patients could not be contacted, 3 were 

unwilling to participate, and 1 died during follow-up. Thus, 59 (75%) were available for final 

evaluation with an average time to follow-up of 7.8 years (Table I).  
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Table I. Patient and injury characteristics. 
 
 Antegrade group 

n=40 

Retrograde group 

n=19 

p-value 

Time to follow-up (months)*  100 (46)  82 (30)  0.073 

Male/female  28/12  17/2  0.19 

Mean age (years)*  34 (12)  37 (11)  0.26 

Side (R/L)  23/17  8/11  0.40 

Cause 

- traffic 

- other 

 

 33 

 7 

 

 19 

 0 

 0.085 

Injury severity score*  15 (9.3)  13 (5.3)  0.27 

Associated injuries 

- head 

- spine 

- thorax 

- abdomen 

- upper extremity 

 

 16 

 2 

 7 

 5 

 12 

 

 4 

 2 

 7 

 1 

 7 

 0.16 

Open fractures  4  2  1.0 

AO/OTA type 

- A 

- B 

- C 

 

 24 

 14 

 2 

 

 8 

 8 

 3 

 0.26 

*The values are given as the mean with the standard deviation in parentheses. 

 

The antegrade and retrograde treated patients were comparable with regard to age, sex, 

mechanism of injury, associated trauma, ISS, side of fracture, number of open fractures, and 

AO/OTA type of fracture. The incidence of complications did not differ between these 

patients, and there were no cases of infection. At the time of union, there were no patients 

with a angular or rotational malalignment of ≥ 10 degrees. An angular deformity between 5 

and 10 degrees was seen in 7 patients (5 antegrade and 2 retrograde nails). None of the 

patients had a limb length discrepancy of > 2 cm. 

The ROM of the hip of the injured leg was comparable to the uninjured leg (Table II), 

regardless the used nailing technique. The mean knee flexion of the affected leg was similar 

to the unaffected leg (p = 0.21). However, the mean knee flexion in the antegrade group 
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was 143 degrees and in the retrograde group 132 (p = 0.012). Extension deficit of more than 

5 degrees was observed in only one patient (retrograde group). 

 

Table II. Ranges of motion of the hip and knee after femoral nailing*. 
 

 Injured leg Uninjured leg p-value 

Hip Flexion 

Extension 

Abduction 

Adduction 

Internal rotation 

External rotation 

117 (18) 

22 (8) 

54 (17) 

28 (7) 

23 (7) 

41 (10) 

118 (16) 

22 (8) 

58 (17) 

30 (6) 

25 (6) 

38 (8) 

0.88 

0.61 

0.67 

0.53 

0.12 

0.051 

Knee Flexion 138 (21) 143 (15) 0.035 

* The values are given as the mean with the standard deviation in parentheses. 

 

The scores on the patient-reported outcome measures are presented in Table III. Between 

the two nailing groups, there were no significant differences in the 4 functional outcome 

questionnaires: SMFA, HHS, WOMAC, and Lysholm knee score. Furthermore, the mean VAS 

was comparable between the antegrade and retrograde group. However, moderate to 

severe pain was reported bij 17% of the patients, whereas 59% had no pain and 24% had 

mild pain. 

 

Table III. Functional outcome scores*. 

 Overall Antegrade group Retrograde group p-value 

SMFA 

- Function Index 

- Bothersome Index 

14 (15) 

15 (16) 

17 (19) 

15 (16) 

15 (16) 

18 (20) 

12 (12) 

14 (14) 

16 (18) 

0.47 

0.60 

0.71 

WOMAC 

- Pain 

- Stiffness 

- Function 

90 (17) 

91 (17) 

85 (24) 

90 (18) 

88 (19) 

88 (19) 

84 (24) 

88 (21) 

95 (8) 

96 (7) 

87 (25) 

96 (7) 

0.34 

0.14 

0.58 

0.33 

Lysholm 80 (22) 79 (24) 83 (17) 0.70 

HHS 91 (13) 91 (13) 92 (12) 0.64 

VAS 1.5 (2.2) 1.5 (0.34) 1.7 (0.53) 0.71 

* The values are given as the mean with the standard deviation in parentheses. 
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Explanatory variables that had a significant or nearly significant association with the 

functional outcome scores SMFA, WOMAC, HHS and Lysholm knee score in the bivariate 

analysis are shown in Table IV. 

 

Table IV. Results of bivariate analysis. 

 Rho p-value 

SMFA  

- VAS 

- Flexion hip 

- ISS 

- Internal rotation hip 

- Flexion knee 

- Abduction hip 

 

0.67 

-0.52 

0.37 

-0.35 

-0.34 

-0.31 

 

<0.001 

0.001 

0.005 

0.033 

0.039 

0.061 

WOMAC 

- VAS 

- Flexion hip 

- External rotation hip 

- Abduction hip 

- Flexion knee 

- Internal rotation hip 

 

-0.65 

0.51 

0.36 

0.33 

0.32 

0.28 

 

<0.001 

0.001 

0.025 

0.042 

0.053 

0.095 

Lysholm 

- VAS 

- Flexion hip 

- External rotation hip 

- Flexion knee 

- Internal rotation hip 

- ISS 

 

-0.75 

0.47 

0.36 

0.34 

0.30 

-0.24 

 

<0.001 

0.003 

0.027 

0.038 

0.063 

0.070 

HHS 

- VAS 

- Flexion hip 

- Flexion knee 

- Internal rotation hip 

- Adduction hip 

- External rotation hip 

- Age 

 

-0.61 

0.54 

0.51 

0.39 

0.31 

0.30 

-0.28 

 

<0.001 

<0.001 

0.001 

0.016 

0.055 

0.067 

0.065 
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Correlations between VAS and the functional outcome questionnaires were substantial with 

absolute values ranging from 0.61 to 0.75. Correlation was also calculated between the 

ROM and the functional outcome assessments. The strongest correlation was observed 

between hip flexion and the functional outcome questionnaires. The average 

correlationcoefficient was 0.51 (range |0.47 to 0.54|) representing moderate agreement. A 

weaker correlation was observed between knee flexion and the functional outcome scores. 

Age and ISS correlated fairly (range |0.24 – 0.37|) with the patient-reported outcome 

scores. 

The multivariable analysis provides information about the degree to which the functional 

outcome scores are predicted by different variables in the model. The amount of variance in 

the outcome explained by the independent variables is represented by a statistic called R2. It 

is a quantitative measure of how well the independent variables account for the outcome. 

Pain was the strongest predictor of the patient-reported functional outcome scores SMFA, 

HHS, and Lysholm knee score. Pain accounted for 38.8% of the variation in SMFA, 36.9% of 

the variation in HHS, and 55.6% of the variation in the Lysholm knee score. The extent of hip 

flexion of the affected leg explained 33.6% of the WOMAC, whereas pain only accounted for 

8.3% of the WOMAC. Age explained 11.7% of the variance in the HHS, and ISS accounted for 

7.7% of the variance in SMFA. The results of the multivariable analysis are summarized in 

Table V. 

 

Discussion 

Intramedullary nailing has become the standard treatment for femoral shaft fractures in the 

adult population. In general, it is associated with high union rates and low rates of 

complications3,4,10-12,10. Comparative studies4,10,12,13 showed that there is no difference in the 

ROM of the knee between antegrade and retrograde femoral nailing. In addition, Herscovici 

et al10 and Tornetta & Tiburzi12 did not find a difference in ROM of the hip as well. We only 

found a statistically significant difference in knee flexion between antegrade and retrograde 

nailing. In our opinion this difference is not clinically relevant. 

There are conflicting reports with respect to the incidence of knee and thigh pain. Yu et al13 

found that the occurrence of knee pain was similar between the antegrade and retrograde 

group. Although knee pain was common in the early postoperative period, Tornetta & 

Tiburzi12 reported that these complaints subsided by the time of union. Ostrum et al4 found  
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Table V. Results of multiple linear regression analysis. 

 R
2
 change p-value 

SMFA  - VAS 

  - Abduction hip 

  - ISS 

  - Flexion hip 

38.8 % 

10.3 % 

7.7 % 

5.3 % 

<0.001 

0.013 

0.021 

0.042 

WOMAC - Flexion hip 

  - VAS 

  - Abduction hip 

33.6 % 

8.3 % 

7.0 % 

<0.001 

0.034 

0.041 

Lysholm  - VAS 

  - Internal rotation hip 

55.6 % 

6.2 % 

<0.001 

0.025 

HHS  - VAS 

  - Age 

  - Adduction hip 

36.9 % 

11.7 % 

6.3 % 

<0.001 

0.009 

0.04 

 
 
that knee pain was similar in the antegrade and retrograde group, but reported significantly 

more hip and thigh pain in the antegrade group. Ricci et al3 found that significantly more 

patients in the retrograde group reported knee pain, whereas significantly more patients 

reported hip pain in the antegrade group. Recently, we have reported that complaints of 

knee pain after retrograde nailing are experienced commonly (23%)9. Although the patients 

in the present study achieved good functional outcome after a mean follow-up of more than 

7 years, 17% of these patients still reported moderate to severe pain. Among several 

variables included in the regression model, pain was found to be the most significant 

predictor of the general and disease-specific health questionnaires. Age, ISS, and ROM 

explained to a lesser degree the variance in the patient-reported outcome scores. Pain 

remains an important source of disability after femoral shaft fractures, even years after 

surgery. More studies are needed to investigate the exact source of pain after these 

fractures. 

Current literature suggests that residual impairments after intramedullary nailing of femoral 

shaft fractures include hip abduction weakness, quadriceps weakness, and gait 

abnormalities13,14,25-32. Only a few studies have examined the outcome of patients using 

validated outcome instruments. Between the early (2.0 months) and late (7.2 months) 
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assessments after antegrade intramedullary nailing of isolated femoral fractures, 

Archdeacon et al32 found a significant improvement in the dysfunction index of the SMFA 

from 21 to 6.5. This is in accordance with Sanders et al33. They reported a significant 

improvement of the mean SMFA and WOMAC from baseline assessment to the 6-month 

review. No further improvements in these functional outcome measures have been 

observed from 6-month to the 12-month measurements. 

 Helmy et al34 studied 21 patients with an isolated femoral shaft fracture treated with 

antegrade reamed intramedullary nailing. At latest follow-up (mean 5.8 years), the SMFA 

Functional and Bothersome Index were 8 and 9 respectively. This is similar to the Canadian 

population norms. With a mean follow-up of 100 months for the antegrade group, we found 

SMFA Functional and Bothersome Index to be 15 and 18 respectively (Table III). This is 

similar to the retrograde group in our study, indicating that comparable results might be 

accomplished regardless of the insertion technique used to stabilize the femoral shaft 

fractures.  

Using a femoral nail specially designed for trochanteric insertion, Ricci et al35 found that hip 

range of motion was similar to the unaffected side. The mean HHS at the latest follow-up 

visit (average 15 months) was 77. This is comparable to the present study: the hip range of 

motion of the affected leg is similar to the uninjured leg, regardless of the utilized nailing 

technique. The HHS is 79 in the antegrade group and 83 in the retrograde group, indicating 

good results. 

Daglar et al36 recently evaluated knee function in patients treated with reamed antegrade or 

retrograde intramedullary nailing of femoral shaft fractures. Using the Lysholm Knee Scores 

and isokinetic muscle functioning test (mean follow-up of 3.7 years) the results were not 

different in patients treated with either antegrade or retrograde femoral nailing. After a 

mean follow-up of 7.3 years, we found no difference in the Lysholm Knee Scores between 

the antegrade and retrograde group (79 and 83 respectively).  

The results of this study should be interpreted with cautious. It has the limitations of a 

retrospective study. However, we think that the strengths of this study are the length and 

rate of follow-up. Another limitation is the small sample size. The different measurements 

used, although not validated to assess treatment of femoral shaft fractures, help us to 

analyze different aspects of the patients’ perspective. There is increasing recognition of the 

discordance between traditional and patient-based outcomes. To evaluate treatment results 
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of femoral shaft fractures, more studies using validated functional outcome scores are 

needed. At present, the cross-cultural adaptation and validation process of the SMFA in 

Dutch (SMFA-NL) is being conducted. 

In conclusion, our findings suggest that the ROM of hip and knee returns to normal over 

time. However, pain in the lower limb is an important predictor and source of disability after 

femoral shaft fractures, despite the fact that patients achieved good functional outcome 

scores. More research is needed to investigate the source of pain after femoral shaft 

fractures.  
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General discussion 

The goal of all fracture treatment is to achieve early return to function and mobility. Key 

principles in fracture treatment are 1) fracture reduction and fixation to restore anatomical 

relationships, 2) fracture fixation providing absolute or relative stability as the “personality” 

of the fracture, the patient, and the injury requires, 3) preservation of the blood supply to 

soft tissues and bone by gentle reduction techniques and careful handling, and 4) early and 

safe mobilization and rehabilitation of the injured part and the patient as a whole1.  

A femoral shaft fracture in adults is typically an injury of working age people2. The mean age 

in this group is around 40 years3,4. This injury may have considerable impact on a patient’s 

physical, psychological and social functioning.  

The general aim of this thesis was to evaluate outcome of unreamed nailing of acute 

traumatic femoral shaft fractures. Clinician - as well as patient - reported outcome measures 

are used in this study.  

Since 1995, our standard of care for femoral shaft fractures in adult patients (except in 

critically injured polytraumatized patients) includes early total care using an unreamed 

nailing technique. Both antegrade and retrograde nailing techniques have been employed in 

the treatment of our patients. 

 

Part one: doctor reported outcomes 

One of the main questions in modern literature concerning the nailing technique used in the 

treatment of femoral shaft fractures is: to ream or not to ream the medullary canal. A major 

contribution in this discussion is the supposed positive influence of reaming in the 

prevention of occurrence of delayed or non-unions. In this thesis we describe the incidence 

of non-union following antegrade unreamed nailing of femoral shaft fractures (chapter 3) to 

be 1.9%. This low percentage is comparable to large series in which the femoral shaft was 

reamed5,6. 

 Several randomized and quasi-randomized trials7-11 have been published comparing reamed 

and unreamed antegrade nailing of femoral shaft fractures. Two systematic reviews as well 

have reported the effect of reaming12,13. Trials and both reviews showed that reamed 

intramedullary nailing has significantly lower non-union rates than unreamed intramedullary 

nailing. This is in line with other potential advantages like lower delayed union rates, and 

lower re-operation rates. There are other aspects that merit particular attention. The 
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aforementioned benefits must be traded off against an increased blood loss and longer 

operation times. A profound study of the literature showed no statistically significant 

differences between reamed and unreamed nailing when comparing rates of infections, 

pulmonary complications (adult respiratory distress syndrome), and mortality. Though the 

use of the unreamed nailing technique may be beneficial for some patient categories, such 

as polytraumatized patients in whom speed and minimizing blood loss are important, or 

those who preclude the administration of blood products (for example Jehovah’s 

Witnesses). In this we take into consideration that treating polytrauma patients by fracture 

manipulation and nail insertion leads to secondary embolization of fat and bone marrow 

contents (reaming) from the fracture site which may result in secondary lung and brain 

injuries. Add to this the thought that a second hit (early surgery within days) preceded by 

the first hit (i.e. the traumatic event) may lead to a devastating inflammatory response, 

ultimately resulting in ARDS and MOF14,15. 

The quality of the literature on femoral shaft treatment does not provide sufficient evidence 

to favour a particular treatment. There are still insufficient well-conducted randomized 

controlled trials comparing reamed and unreamed nailing. The sample sizes of the published 

studies are limited and there may be a risk of bias among these studies. Available 

prospective and retrospective studies may be biased due to differences in patient selection, 

postoperative care that is provided, loss to follow-up, and incomplete outcome data. 

Inconsistent definitions of outcomes (such as non-union and delayed union) further make it 

difficult to interpret the results from various studies. Furthermore, study results may differ 

between patients with isolated femoral shaft fractures compared to polytrauma patients, 

particularly those with head or pulmonary injuries.  

Based on our experience with non-reaming nailing techniques of femoral shaft fractures we 

consider the incidence of non-union to be low (1.9%)11 and to be comparable with the best 

results of reamed nailing in the literature. Therefore we in general find no indication to 

ream the medullary canal in cases of traumatic femoral shaft fractures. 

 

 Retrograde nailing is an attractive alternative to antegrade nailing of femoral shaft 

fractures. Potential advantages include the ease of nail insertion and its applicability to 

polytrauma patients and those with multiple fractures needing multiple procedures during 

the initial surgical care16,17.  
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Concerning fracture related items: cohort studies that compared antegrade and retrograde 

femoral nailing found no differences with respect to rates of union, malalignment, and 

reoperation18-22. However, there were serious inconsistencies in these studies regarding the 

time to achieve bone healing, ranging from 1.3 to 15 months. A review of the literature 

eventually showed a 96% union rate after retrograde femoral nailing compared to 98% after 

antegrade nailing23. We found in our series a union rate of 94% (95% CI: 88.1 – 97.2%) after 

retrograde unreamed nailing (chapter 4).  

  

Retrograde nailing involves insertion of the nail through the knee and may result in knee 

problems, such as septic arthritis, knee function deficits and persistent knee pain. 

Septic arthritis is a feared complication after retrograde nailing. Contamination of the knee 

is thought to occur either directly from the surgical entry or, in case of an open fracture, via 

communication from the open fracture site. In our case series, we found one patient (0.75%, 

95% CI:0.04 – 4.7%) who (after two years) developed septic arthritis of the knee after 

retrograde nailing of a closed fracture (chapter 4). This low incidence is comparable to what 

Papadokostakis et al23 found in their systematic review. They reported that the risk of a 

septic knee was 0.18% (0.03 – 1.0 %) after retrograde nailing of femoral fractures. 

Retrograde nailing in open fractures introduces the risk of an infection at the fracture site to 

communicate with the knee joint. In literature concerning open fractures24-26 it is suggested 

that the incidence of acute septic knee is low, ranging from 0% to 1.1%. We found no cases 

of septic arthritis in our series. The small sample sizes of our studies preclude a definitive 

conclusion regarding the risk of septic arthritis. Based on our experience and in view of the 

literature, retrograde nailing seems a safe and acceptable treatment, even in treating 

gunshot femur fractures27-29. This postulation is supported by Bible et al30 who compared 34 

retrograde to 24 antegrade nailing procedures in patients with ipsilateral traumatic knee 

arthrotomies. All patients required irrigation and debridement. There were no cases of 

septic arthritis in the retrograde nailing group. 

Knee function deficits may occur after retrograde nailing. Though, knee flexion of at least 

120 degrees was seen in the majority of our patients (chapter 4 and 5). Papadokostakis et 

al23 showed that the mean range of motion of the knee in patients with femoral shaft 

fractures was 127.6 degrees when retrograde nailing was used. Comparative studies8,19,21,22 
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reported no differences in range of motion of the knee between antegrade and retrograde 

nailing of femoral shaft fractures. 

Retrograde nailing is often associated with a higher incidence of knee pain than antegrade 

nailing. In a review of the literature, Katsoulis et al31 found a mean incidence of knee pain 

after antegrade femoral nailing of 18.6% (range: 8.7 % - 37%) after a mean follow-up period 

of 18,3 months (ranging from 29.1 to 45.7 months). The mean incidence of knee pain after 

retrograde nailing was 25.6% (range: 1.1% - 55%) with a mean follow-up period of 15.9 

months (ranging from 9 to 24 months). In another review, Brewster32 found a large 

difference in the incidence of knee pain during follow-up : retrograde nailing produced knee 

pain during follow-up in 40-53% of the patients compared to 20% after antegrade nailing. 

Although at the end of follow-up this difference narrowed to 12.5% (antegrade nailing) and 

23-24% (retrograde nailing) it suggests that patients who were treated with a retrograde 

nail are more likely to suffer chronic knee pain than patients who received an antegrade 

nail. In our study, persistent knee pain during follow-up was seen in 23% of our patients 

after retrograde nailing (chapter 5). An additional finding was that age was found to be the 

only independent predictor of patients reporting knee pain after retrograde femoral nailing. 

Possible explanations include higher physical demands in younger adults or higher pain 

tolerance in older patients. 

The main cause of knee pain appeared to be hardware related18,21,33-35. A vast majority of 

patients suffering from knee pain after retrograde nailing symptoms became asymptomatic 

after removing the metal work. In our study (chapter 5), knee pain improved or disappeared 

in all symptomatic patients. It seems that long-term knee pain can be prevented by either 

removing the hardware or meticulous inserting the nail and the use of the correct length of 

the screws in the first place, especially in the condylar region. 

Other sources of knee pain may be the result of concomitant ipsilateral soft tissue knee 

injuries (e.g. injuries of the ligaments and meniscus), reported in more than 50% of the 

patients36-38. Knee pain may also arise from degenerative changes secondary to an 

alteration in the mechanical axis of the femur after union39,40. Damage of the patellofemoral 

articulation after retrograde femoral nailing has been a persistent concern for those whom 

doubt about the appropriateness of the indication for retrograde nailing. However, various 

authors16,41,42 who have used arthroscopy to remove the nail and found no evidence of 

patellofemoral articular lesions other than fibrous tissue. In our study, it seemed very 
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doubtful that knee pain is caused by any adverse effect on the patellofemoral articulation, 

because all complaints improved after removal of the nail. This finding in combination with 

the fact that the majority of the patients had an acceptable knee range of motion (≥ 120 

degrees) makes the end result more than acceptable. 

 

Part two: patient reported outcomes 

Different outcome measurement instruments are used in trauma care. Traditional measures 

of outcome include rates of mortality and morbidity, physiological parameters such as 

radiographic evaluation of bone healing, and clinician-based measures of impairment such 

as range of motion. Unfortunately, these measures correlate poorly with the patient’s view 

of the success or failure of health care. Patient-reported outcome measures (PROMs) are an 

important source of information in this context, and provide clinicians with information that 

is complementary to traditional measures. Patient-reported outcomes are outcomes 

reported directly by patients themselves and not interpreted by an observer, such as a 

physician43. A patient-reported outcome, like a physician-reported outcome, should 

measure the concept it is intended to measure, for example: the effect of a disease (e.g. a 

fracture) on health and functioning from the patient perspective.  

The vast majority of trauma patients survive their injuries. (Serious) injuries often result in 

varying types of disability with numerous social and economic consequences. The leading 

conceptual model of disability is the World Health Organization’s International Classification 

of Functioning, Disability and Health (ICF)44. In the ICF, problems with functioning are 

categorized in three interconnected areas: Impairments, Activity limitations and 

Participation restrictions. Disability refers to difficulties addressed in any or all three areas of 

functioning. Functional status is often regarded as a clinical outcome, addressing change in a 

patient’s condition as a result of an intervention or to distinguish individual differences in 

respect to treatment. One of the most common assessment methods for measuring various 

aspects of functioning are patient-reported questionnaires. 

In trauma and orthopaedic surgery, numerous patient-reported questionnaires are used for 

this purpose. Frequently used in both clinical practice and clinical research is the Short 

Musculoskeletal Function Assessment (SMFA) questionnaire. This questionnaire was 

developed by Swiontkowski et al45 to study differences in the functional status of patients 

with a broad range of musculoskeletal disorders, including all types of injuries. The 46-item 
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SMFA questionnaire consists of two parts: the dysfunction index and the bother index. The 

dysfunction index comprises 34 items for the assessment of the patient’s perception of the 

amount of difficulty they perceive when performing certain functions (25 items), and how 

often they have difficulties performing specific functions (9 items). The bother index consists 

of 12 items that allow patients to assess how much they are bothered by problems in 

various functional areas (e.g. sleep and rest, recreation, work, and family). All items are 

scored on a 5-item Likert scale, ranging from 1 (good function/not bothered) to 5 (poor 

function/extremely bothered). 

The aim of a functional assessment tool, such as the SMFA, is to offer a standardized 

measure of the actual physical limitations of a patient. This instrument then can be used to 

measure the direct impact of functional limitation on individual patients, to measure 

patient’s change over time, and to compare the patient with other patients who have 

comparable musculoskeletal disorders or injuries. The SMFA is one of the outcome 

measures recommended by the American Academy of Orthopaedic Surgeons46. We have 

successfully translated and culturally adapted the Dutch version (SMFA-NL). Factor analysis 

demonstrated four subscales of the SMFA-NL (chapter 6): upper-extremity dysfunction (6 

items), lower-extremity dysfunction (12 items), problems ADL (activity daily living; 20 items), 

and mental and emotional problems (8 items). These newly identified subscales of the 

SMFA-NL as well as the original two indices showed good internal consistency. The SMFA-NL 

appears to be a valid and reliable questionnaire for the assessment of functional status of 

patients with musculoskeletal disorders. This patient-reported outcome questionnaire can 

be used to compare different patient groups as well as for cross-cultural comparisons.  

The interpretability of a multi-item instrument such as the SMFA-NL may be challenging. 

Interpretability is the degree to which one can assign qualitative meaning to an instrument’s 

quantitative score or change of score47. A proper interpretability of a score is a precondition 

to use an (multi-item) instrument in clinical practice. Various types of information can be 

used to interpret scores on questionnaires. An extensive description of the study population 

is needed in order to know for what category of patients the scores are interpreted. An 

examination of the distribution of scores in the study sample, in terms of mean and 

standard deviation, is important for a proper interpretation of scores over the scale of an 

instrument. Secondly, the distribution of scores is important as it affects the values of 

several measurement properties, such as construct validity, reliability parameters and 
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responsiveness. Norm values for a measurement instrument, generally scores in the general 

population, facilitate the interpretation of scores on the measurement instrument. These 

scores can be used as reference values. Scores of relevant subgroups of patients can be 

compared to these normative data. In chapter 7, age- and gender-specific reference data for 

the SMFA-NL were obtained for the general Dutch population. Significant differences in 

SMFA-NL scores were found between men and women and between different age groups. 

These findings emphasize the importance of presenting age- and gender-specific normative 

values of the SMFA-NL. These normative values provide an opportunity to compare the 

health status of patients with musculoskeletal injuries against their age- and gender-

matched peers in the general Dutch population.  

For a proper interpretation of a measurement instrument score, additional information is 

needed. Not every change on a measurement instrument is a real or true change. Small 

changes may be due to measurement error. Determining the smallest detectable change 

(SDC) and the minimally important change (MIC) in future studies will further facilitate the 

interpretation of change scores on the SMFA. The SDC is the smallest detectable change 

beyond the measurement error, i.e. a change that falls outside the measurement error of 

the health status measurement. The MIC is defined as the smallest change in score in the 

construct to be measured, which patients perceive as important. It is used to reflect 

individual change that is of clinical importance. To date, there are no existing criteria for the 

SMFA change scores that represent a minimally important change. 

In chapter 8, we have used one generic and three disease-specific patient-reported 

outcome questionnaires to evaluate long-term functional outcome after intramedullary 

nailing of traumatic femoral shaft fractures. The visual analogue score (VAS; 0 – 10 cm) was 

used to determine pain in the lower limb. Only adult patients with a femoral shaft fracture 

but no other injuries to the lower limbs or pelvis were included. With an average time to 

follow-up of 7.8 years, we observed that the range of motion (ROM) of the hip and knee 

joint was comparable between the affected and unaffected leg, regardless the nailing 

technique. This suggests that the ROM of both hip and knee joint returns to normal over 

time. We found no significant differences in the 4 functional outcome questionnaires 

(SMFA-NL, Harris Hip Score (HHS), Western Ontario and McMaster University Osteoarthritis 

Index (WOMAC), and Lysholm knee score) between the antegrade and retrograde nailing 

groups. The mean VAS pain score was comparable between the groups as well. 
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Interestingly, even years after surgery 17% of the patients still reported moderate to severe 

pain (VAS>3). Pain in the lower limb remained an important predictor and source of 

disability after femoral shaft fractures, despite the fact that patients achieved good 

functional outcome scores as measured by SMFA-NL, HHS, WOMAC, and Lysholm knee 

score. More research is needed to investigate the source of pain after femoral shaft 

fractures. 

 

Conclusions 

Both antegrade and retrograde nailing seem to be safe options for stabilization of femoral 

shaft fractures. These techniques provide similar results with regard to union, malunion and 

reoperation rates. The risk of septic arthritis after retrograde nailing seems reasonably low, 

even in open fractures. However, retrograde nailing may lead to significantly more knee 

pain (often hardware related) whereas antegrade nailing is associated with significantly 

more hip and thigh pain. These differences, as well as technical differences (such as finding 

the correct entry point) should be taken into consideration when planning intramedullary 

nailing of femoral shaft fractures. 

Physical function is impaired by musculoskeletal injuries (e.g. femoral shaft fractures), and 

can give rise to long term disabilities (e.g. ability to participate in usual work or recreational 

activities). PROMs aim to capture patients’ perspectives of health. Most commonly they are 

self-completed questionnaires such as the SMFA. The SMFA-NL is a valid and reliable 

instrument to assess the functional status of patients with musculoskeletal disorders and 

injuries. This instrument can be used to evaluate the outcome after femoral shaft fractures, 

from a patient’s perspective. More research is needed though to facilitate interpretation of 

the SMFA-NL (change) scores. 

 

Future Perspectives 

Statically locked, reamed antegrade nailing is generally considered the standard nailing 

technique in femoral shaft fractures. However, the management of femoral shaft fractures 

continues to evolve. Overall, the quality of the existing literature on treatment of femoral 

shaft fractures is still limited to provide definitive conclusions regarding treatment 

superiority. Although femoral nailing is associated with high union rates and low 

complication rates, it is not necessarily a straightforward procedure. Multiple decisions must 
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be made, e.g. patient position, the use of (skeletal) traction, and temporary use of external 

fixation in polytrauma patients. 

Furthermore, the choice of the optimal entry point for placement of the nail is crucial since 

a wrongly chosen entry point may lead to intra- and postoperative complications. The most 

important advantages of alternative entry sites, intercondylar in retrograde nailing and 

more lateral in antegrade nailing, are the technical ease of identifying the entry portal and 

reduced time of the procedure, especially in obese patients and multiply injured patients. It 

is unlikely that the entry site of a particular nail would have a significant effect on bone 

healing. More important are the entry site-related complications. Additional studies 

comparing different entry sites in antegrade and retrograde nailing are needed to further 

study the impact and indications of these alternative entry points. 

New nail designs and locking techniques in themselves contributed to the important 

progress in the use of intramedullary nailing techniques. The design of the nail transformed 

from a straight unlocked nail into a more anatomical nail which has a helical geometry 

mimicking the dimensions of the femoral canal. Such a nail can facilitate nail insertion 

through a lateral portal and nail removal along its own pathway like a corkscrew. Although 

these helical-shaped nails may be associated with less soft tissue damage and easier finding 

of the entry point, insertion inaccuracy can produce malalignment and iatrogenic fractures. 

Further studies are required to investigate the advantages of these helically shaped nails 

over conventional antegrade femoral nails. 

An interesting development in locking techniques is the angle-stable fixation of the 

intramedullary nail. Mechanical stability becomes more challenging with fractures in 

osteoporotic bone and in fractures extending more distally. Recently, angle-stable 

interlocking screws have been introduced to improve the construct stability of nails. So far, 

there are only biomechanical (animal and cadaver) studies suggesting the potential benefits 

of such locking systems. Its clinical relevance must be proven yet. 

The ideal timing and treatment modality of definitive fixation of femoral shaft fractures in 

patients with multiple injuries has been an area of interest for several decades now. Despite 

numerous studies, the evidence for the effect of timing of fracture fixation is still 

inconclusive. Available systematic reviews do not support a specific strategy in timing the 

nailing procedure for femoral shaft fractures in patients with multiple injuries, brain injury, 

or chest injury. The literature suggests that, even in these patient populations, the rate of 
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ARDS and mortality is low. Recent progress in critical care make comparisons and 

conclusions about mortality and ARDS from recent studies with those published a decade 

ago difficult. Furthermore, differences in definitions of multiple injuries, ARDS, and early 

treatment may confound the results. Perhaps the best treatment for patients with multiple 

injuries is to perform early definitive treatment as soon as adequate resuscitation has been 

accomplished. Damage control surgery (DCS) should not be used as an excuse to place 

external fixations in every patient with multiple injuries. Timely definitive treatment is 

important. Further studies should define end points of adequate resuscitation and evaluate 

protocols for definitive fixation based on these end points.  

Although it is clear that interlocking intramedullary nailing of femoral shaft fractures is the 

standard of care, debate still exists regarding some technical aspects of the procedure. One 

of them is the role of medullary reaming. Although the understanding of the local and 

systemic effects of reaming deepens, there will remain controversies in intramedullary 

reaming, particularly in certain subgroups of patients. Randomized trials with sound 

methodology should be conducted to evaluate: reamed versus unreamed intramedullary 

nailing, different types of nails and different techniques for nail insertion. The quality of 

such studies could and should be enhanced by a sufficient sample size based on outcomes-

specific power calculations, uniformity in the recruitment of patients with a sufficiently long 

and complete follow-up, as much as possible blinding of patients, clinicians, and outcome 

assessors, adherence to the intention to treat principles, and the use of standard, validated 

outcome measures, including patient-reported outcome measures. In addition, studies of 

prognosis and rehabilitation are lacking. Patients may experience residual functional deficits 

following intramedullary nailing of femoral shaft fractures. Reduced muscle strength, pain 

and altered gait pattern have been demonstrated. These impairments could limit the 

patient’s ability to return to pre-injury levels of functioning. It is necessary to develop and 

implement rehabilitation guidelines, targeted at impairments recognized after stabilization 

of femoral shaft fractures, to improve patient outcome. 

In conclusion, even with the increasing evidence, there is still much research needed to find 

more accurate answers to our questions regarding the intramedullary nailing of trauma 

patients with a femoral shaft fracture. 
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Summary 

Femoral shaft fractures are predominantly seen in young men, and mainly caused by a high-

energy trauma. High-energy trauma mechanisms include traffic accidents, fall from heights, 

or gunshot accidents. Particularly in high-energy trauma, a variety of associated injuries 

occur and may be life threatening. Reamed intramedullary nailing has evolved since the 

Second World War to become the treatment of choice for the stabilization of femoral shaft 

fractures. This treatment yields excellent results with respect to fracture union. In the 1980s 

the unreamed femoral nail was introduced because of the local and systemic effects related 

to reaming of the medullary canal. Local effects of reaming include disruption of cortical 

blood flow and thermal necrosis of the cortical bone. Systemic effects are caused by 

embolization of bone marrow contents, and can lead to acute respiratory distress syndrome 

(ARDS).  

 

The aim of this thesis is to assess the outcome of unreamed nailing of acute traumatic 

femoral shaft fractures in adults. Since 1995 our standard of care for these fractures in adult 

patients includes, when possible, early total care using an unreamed nailing technique. Both 

antegrade and retrograde nailing techniques have been employed in the treatment of our 

patients. Both clinician-reported (part 1) and patient-reported (part 2) outcome measures 

are reported. 

 

Part one of this thesis describes the results of a 10-year experience with the antegrade 

unreamed femoral nailing technique. In this period, 125 adult patients with 129 traumatic 

femoral shaft fractures were treated with an unreamed femoral nail (UFN). In chapter 3, the 

incidence of non-union was found to be as low as 1.9% (2/107; 95% CI: 0.3 – 7.3%). Both 

non-unions developed in closed fractures, and smoking may have negatively affected bone 

healing in both patients. Local superficial infection was seen in 1.9% of the patients, but 

there were no cases of deep infection. Pulmonary complications were seen in 9.3% (10/107) 

of the patients. However, no cases with an obvious relation to the intramedullary nailing 

technique, such as fat embolism syndrome, were seen. Implant failure was seen in 2.8% 

(3/107) of the patients.  

Several concerns have been raised about retrograde nailing of femoral shaft fractures, 

including the incidence of septic arthritis and non-union. In a period of 14 years, 120 
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patients with 134 femoral shaft fractures were treated with retrograde intramedullary 

nailing. The results are described in chapter 4 and chapter 5.  

Septic arthritis was seen in one patient (0.75% ; 95% CI: 0.04 – 4.7%) (chapter 4). This 

patient had a type B closed fracture. There was one case of osteomyelitis at the fracture site 

after a grade III open shaft fracture with a critical injury to the superficial femoral artery. 

This led to an above knee amputation. There were no other cases of osteomyelitis, not even 

in the group of open fractures. Non-union was seen in 6.0% (8/133; 95% CI: 2.8 – 11.9%) of 

the fractures, which is comparable with the literature of reamed nailing. 

Complaints of knee pain during follow-up (chapter 5) were reported by 23% of our 

retrograde nailed patients (17/75). In this study, knee pain improved or disappeared 

spontaneously or after removal of the nail in all symptomatic patients. Age was found to be 

an independent predictor of knee pain: younger patients were more likely to report knee 

pain. Although half of the patients had concomitant ipsilateral pelvic, acetabular or lower 

leg fractures, 86% had an acceptable knee flexion of ≥ 120˚. These results indicate that the 

incidence of both non-union and septic arthritis is low after retrograde nailing. However, 

knee pain is commonly seen and may be related to prominent hardware. It seems that long-

term knee pain can be prevented by either removing the hardware or properly inserting the 

nail and using the correct length of the screws in the first place. 

 

Part two of this thesis describes patient-reported outcomes. The aim of a functional 

assessment tool, such as the Short Musculoskeletal Function Assessment (SMFA) 

questionnaire, is to offer a standardized measure of the actual physical limitations of a 

patient. This instrument then can be used to measure the direct impact of functional 

limitation on individual patients, to measure patient’s change over time, and to compare the 

patient with other patients who have comparable musculoskeletal disorders or injuries. The 

SMFA is a frequently used patient-reported outcome instrument in both clinical practice and 

clinical research. It is designed to identify differences in the functional status of patients 

who have a broad range of musculoskeletal disorders and injuries. In chapter 6, we have 

successfully translated and culturally adapted the Dutch version (SMFA-NL). Patients 

(n=162) treated for a variety of musculoskeletal injuries and disorders were included in this 

study. Factor analysis demonstrated four subscales of the SMFA-NL: upper-extremity 

dysfunction (6 items), lower-extremity dysfunction (12 items), problems ADL (activity daily 
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living; 20 items), and mental and emotional problems (8 items). These newly identified 

subscales of the SMFA-NL as well as the original two indices showed good internal 

consistency. The construct validity was good, and the intraclass correlation coefficients were 

high. The SMFA-NL seems to be a valid and reliable questionnaire for the assessment of 

functional status of patients with musculoskeletal injuries and disorders. 

Norm values for a measurement instrument, generally scores in the general population, 

facilitate the interpretation of scores on the measurement instrument. These scores can be 

used as reference values. In chapter 7, age- and gender-specific reference data for the 

SMFA-NL were obtained. A total of 900 men and women were included. Six age groups (18-

24, 25-34, 35-44, 45-54, 55-64, and 65-75 years) were constructed. Of these age groups, 

50% of the approached participants were women. Significant differences in SMFA-NL scores 

were found between men and women and between different age groups. These findings 

emphasize the importance of presenting age- and gender-specific normative values of the 

SMFA-NL. These normative values provide an opportunity to compare the health status of 

patients with musculoskeletal injuries against their age- and gender-matched peers in the 

general Dutch population. 

The purpose of the study described in chapter 8 was to evaluate the long-term functional 

outcome after antegrade or retrograde intramedullary nailing of traumatic femoral shaft 

fractures. In this study, only patients with a femoral shaft fracture but no other injuries to 

the lower limbs or pelvis were included. The average time to follow-up was 7.8 years. We 

have used one generic and three disease-specific patient-reported outcome questionnaires 

to evaluate long-term functional outcome after intramedullary nailing of traumatic femoral 

shaft fractures. The ROM of the hip and knee joints was comparable between the injured 

and uninjured leg, regardless of the nailing technique. A fair to moderate correlation 

between range of motion and the final outcome scores was found. Even years after surgery, 

17% of the patients still reported moderate to severe pain (visual analogue score (VAS) ≥ 4). 

A substantial correlation was observed between VAS and the patient-reported outcome 

scores. The most significant predictor of functional outcome was pain in the lower limb. Our 

findings suggest that the ROM of hip and knee returns to normal over time. However, pain 

in the lower limb is an important predictor and source of disability after femoral shaft 

fractures, even though most patients achieved good functional outcome scores. 
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In conclusion, the treatment of traumatic femoral shaft fractures using an unreamed nail is 

associated with good results. Both antegrade and retrograde unreamed nailing techniques 

result in high union rates and low rates of complications, such as non-union, deep infection 

and septic arthritis. These results are comparable with the available literature on reamed 

nailing. Patient reported outcome measures show good results as well. However, chronic 

pain can have a substantial effect on the individual health status, which needs more clinical 

attention and research.  
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Chapter 11 

 

Nederlandse samenvatting 
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Samenvatting 

Femurschachtfracturen komen voornamelijk bij jonge mensen voor en worden hoofdzakelijk 

veroorzaakt door een hoogenergetisch letsel, zoals een verkeersongeval, een val van hoogte 

en schotwonden. Hierbij kan een verscheidenheid aan bijkomende letsels ontstaan. Deze 

kunnen potentieel levensbedreigend zijn. Er zijn verschillende methoden om 

femurschachtfracturen te behandelen, maar de geboorde intramedullaire 

penosteosynthese is sinds de Tweede Wereld Oorlog geleidelijk geëvolueerd tot de 

behandeling van voorkeur bij dit type fracturen. Deze behandeling levert uitstekende 

resultaten op met betrekking tot botgenezing. In de jaren 80 werd de ongeboorde pen voor 

de stabilisatie van femurschachtfracturen geïntroduceerd vanwege de negatieve locale en 

systemische effecten verbonden aan het opboren van de mergholte. Locale gevolgen van 

het opboren zijn de beschadiging van de endostale bloedvoorziening en de thermische 

necrose. Systemische effecten worden veroorzaakt door embolisatie van 

beenmergpartikels. Dit kan leiden tot o.a. het acute respiratory distress syndrome (ARDS). 

 

In dit proefschrift worden de resultaten van de behandeling van traumatische 

femurschachtfracturen met behulp van een ongeboorde pen onderzocht. Sinds 1995 is onze 

standaardbehandeling voor deze fracturen, indien de klinische toestand van de patiënt dat 

toelaat, een vroege stabilisatie met behulp van een ongeboorde penosteosynthese. Zowel 

de antegrade als de retrograde techniek is gebruikt bij de behandeling van patiënten met 

een femurschachtfractuur. Zowel klinische (deel 1) als door de patiënt gerapporteerde (deel 

2) uitkomstmaten zijn gebruikt om de resultaten van deze technieken weer te geven. 

 

Deel 1 van dit proefschrift beschrijft de resultaten van 10 jaar ervaring met de antegrade 

ongeboorde techniek. In die periode zijn 125 volwassen patiënten met 129 traumatische 

femurschachtfracturen behandeld met een ongeboorde pen. In hoofdstuk 3 wordt non-

union gedefinieerd als het uitblijven van botgenezing na 1 jaar. Met een incidentie van 1,9% 

(2/107; 95% CI: 0,3 – 7,3%) is het vóórkomen van een non-union laag. Beide non-unions 

ontwikkelden zich na een gesloten fractuur, waarbij het rookgedrag van beide patiënten een 

negatief effect gehad zou kunnen hebben op het botgenezingsproces. Oppervlakkige 

infectie werd bij slechts 1,9% van de patiënten geconstateerd. Er waren geen gevallen van 

diepe infectie. Pulmonale complicaties zijn vastgesteld bij 9,3% (10/107) van de patiënten; 
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geen van hen in de vorm van ARDS of vetembolie die gerelateerd zou kunnen zijn aan de 

osteosynthesetechniek. Bij 2,8% (3/107) van de patiënten werd falen van het implantaat 

geconstateerd. 

Over de retrograde penosteosynthesetechniek bij femurschachtfracturen zijn in de 

literatuur dikwijls zorgen geuit, zoals het vaker voorkomen van een non-union. Ook is men 

beducht voor het vóórkomen van complicaties van het kniegewricht, m.n. septische 

arthritis. In een periode van 14 jaar zijn 120 patiënten met 134 femurschachtfracturen 

behandeld met een retrograde techniek. De resultaten van deze behandeling worden 

beschreven in hoofdstuk 4 en 5. Septische arthritis kwam voor bij patient (0,75%; 95% CI: 

0,04 – 4,7%) (hoofdstuk 4). Deze patiënt had een gesloten type B femurschachtfractuur 

opgelopen. Daarnaast ontwikkelde één patiënt osteomyelitis ter hoogte van de graad III 

open femurschachtfractuur, waarbij ook ernstig letsel was ontstaan van de arteria femoralis 

superficialis. Dit leidde tot een bovenbeenamputatie. Verder waren er geen gevallen van 

een osteomyelitis, zelfs niet in de groep patiënten met een open fractuur. Non-union werd 

bij 6,0% (95% CI: 2,8 – 11,9%) van de fracturen vastgesteld, hetgeen vergelijkbaar is met de 

literatuur. 

Tijdens de follow-up rapporteerden 23% (17/75; 95% CI: 14,1 – 34,1%) van deze patiënten 

knieklachten (hoofdstuk 5). In dit onderzoek wordt beschreven dat de pijnklachten rond de 

knie bij alle symptomatische patiënten verbeterden of verdwenen, spontaan of na het 

verwijderen van osteosynthesemateriaal. Leeftijd bleek een onafhankelijke voorspeller te 

zijn voor het hebben van knieklachten: jonge patiënten hebben meer kans op het 

rapporteren van kniepijn dan oudere patiënten. Hoewel de helft van de patiënten een 

begeleidend letsel had van de ipsilaterale onderste extremiteit (inclusief het bekken en het 

acetabulum), had 86% van de patiënten een acceptabele flexie van de knie van 120˚ of 

meer. Hoewel deze resultaten aantonen dat de incidentie van septische arthritis laag is na 

retrograde penosteosynthese van femurschachtfracturen, wordt kniepijn daarentegen 

regelmatig gemeld tijdens de follow-up. Dit zou kunnen samenhangen met de aanwezigheid 

van het osteosynthesemateriaal. Het lijkt erop dat knieklachten op lange termijn voorkomen 

kunnen worden door het osteosynthesemateriaal te verwijderen na botgenezing of door in 

beginsel een juiste inbrengtechniek te gebruiken. Daarbij dient zowel de correcte 

inbrengplaats voor de pen gebruikt te worden als ook de juiste lengte van de pen én de 

vergrendelschroeven. 
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Deel 2 van dit proefschrift beschrijft patientgerapporteerde uitkomsten. Het doel van een 

patiëntgerapporteerde uitkomstmaat, zoals de Short Musculoskeletal Function Assessment 

(SMFA) vragenlijst, is het gestandaardiseerd meten van uitkomsten vanuit het perspectief 

van de patiënt zonder tussenkomst van een arts of hulpverlener. Een dergelijk instrument 

kan gebruikt worden om het effect van beperkingen in het lichamelijk functioneren op een 

individu te meten. Daarnaast kunnen veranderingen in de tijd gemeten worden en 

verschillen tussen patiënten(groepen) vergeleken worden. De SMFA wordt regelmatig 

gebruikt, zowel in de klinische praktijk als bij klinisch onderzoek. Het instrument is 

ontworpen om verschillen te meten in de functionele gezondheidstoestand van patiënten 

met verschillende musculoskeletale aandoeningen. In hoofdstuk 6 wordt de methode van 

vertaling en adaptatie van de SMFA in het Nederlands beschreven. Daarnaast werd de 

validiteit en betrouwbaarheid van de Nederlandse versie van de SMFA (SMFA-NL) bepaald. 

In deze studie werden 162 patiënten met verschillende aandoeningen van het steun- en 

bewegingsapparaat geïncludeerd. Factoranalyse liet voor de SMFA-NL vier factoren zien: 

upper-extremity dysfunction (6 vragen), lower-extremity dysfunction (12 vragen), problems 

with daily activities (20 vragen), and mental and emotional problems (8 vragen). Zowel deze 

nieuwe subschalen als de originele indices laten een goede interne consistentie zien. De 

constructvaliditeit van de SMFA-NL is goed en de intraclass correlatie coëfficiënten zijn 

hoog. Daarmee lijkt de SMFA een valide en betrouwbare vragenlijst te zijn om de 

functionele gezondheidstoestand van patiënten met aandoeningen van het steun- en 

bewegingsapparaat (o.a. letsels) te meten. 

Normwaarden, doorgaans zijn dit scores van de algemene bevolking, vergemakkelijken het 

interpreteren van de uitkomsten op een dergelijke patiëntgerapporteerde uitkomstmaat en 

kunnen als referentiewaarden gebruikt worden. In hoofdstuk 7 worden leeftijd- en 

geslachtspecifieke normwaarden weergegeven. In totaal zijn 900 vrouwen en mannen uit de 

Nederlandse bevolking geïncludeerd in deze studie. Deze mensen zijn in 6 

leeftijdscategorieën (18-24, 25-34, 35-44, 45-54, 55-64, and 65-75) ingedeeld. De helft van 

iedere categorie bestaat uit vrouwen. Er werden statistisch significante verschillen 

gevonden tussen vrouwen en mannen en tussen de verschillende leeftijdsgroepen. Daarom 

is het van groot belang dat deze normatieve waarden leeftijd- en geslachtspecifiek worden 

weergegeven. Deze referentiewaarden kunnen gebruikt worden om 
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gezondheidstoestanden van patiënten met aandoeningen van het steun- en 

bewegingsapparaat te vergelijken met de algemene Nederlandse bevolking. 

Het doel van de studie in hoofdstuk 8 was het evalueren van de lange termijnresultaten met 

behulp van zogenaamde patiëntgerapporteerde uitkomstmaten. In deze studie waren alleen 

patiënten met een femurfractuur zonder ander letsel aan de onderste extremiteiten of het 

bekken geïncludeerd. De gemiddelde follow-up duur was 7,8 jaar. Eén generieke en drie 

ziektespecifieke vragenlijsten waren gebruikt om lange termijnresultaten te beschrijven. Uit 

deze studie bleek dat de range of motion (ROM) van het heup- en kniegewricht van de 

aangedane zijde vergelijkbaar was met de niet-aangedane zijde. Er was slechts een geringe 

tot matige correlatie tussen de ROM en de uiteindelijke scores op de patiëntgerapporteerde 

uitkomstmaten. Daarnaast bleek dat 17% van de patiënten, zelfs na een gemiddelde follow-

up van 7,8 jaar, nog steeds matige tot ernstige pijnklachten (visual analogue score (VAS) ≥ 4) 

hadden. Er was een substantiele correlatie tussen de VAS en de patiëntgerapporteerde 

uitkomstmaten gevonden. De belangrijkste voorspeller van de patiëntgerapporteerde 

uitkomstmaten was het hebben van pijnklachten in de onderste extremiteit. De bevindingen 

van ons onderzoek laten zien dat hoewel de ROM van het heup- en kniegewricht 

normaliseren er toch een substantieel deel van de patiënten pijnklachten blijft houden die 

de lange termijnresultaten negatief beïnvloeden.  

Samenvattend, de behandeling van traumatische femurschachtfracturen met behulp van 

een ongeboorde pen levert goede resultaten op. Zowel antegrade als retrograde 

penosteosynthese hebben een hoog botgenezingspercentage en een lage incidentie van 

complicaties, zoals non-union, diepe infectie en septische arthritis. Deze resultaten zijn 

vergelijkbaar met de beschikbare literatuur over de geboorde penosteosynthese. Ook de 

patiëntgerapporteerde uitkomstmaten laten goede resultaten zien. Echter, chronische 

pijnklachten kunnen een groot effect op de individuele gezondheidstoestand hebben en 

verdienen meer aandacht in de kliniek en onderzoek. 
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