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1 1 
Introductionn and aim of the thesis 



- J J 



Generall  introductio n 
Thee increasing elderly population together with the frequent incidence of hip fractures 

representss a major challenge to health care providers. Depending on type of fracture 

andd the patient's condition, conservative management of some hip fractures is feasible. 

Inn the vast majority of patients operative intervention is necessary. The scale of the 

futuree epidemic of hip fracture patients, which is inherendy linked to the growing 

elderlyy population, mandates trauma and orthopaedic surgeons to study and, if 

necessary,, alter their practice to achieve the best possible clinical outcomes. Based on 

studiess with a high level of evidence, optimal and cost-efficient care can be delivered. 

Thiss thesis represents an attempt to address the dilemma of the operative management 

off  elderly patients with displaced femoral neck fractures. This section summarizes the 

rationalee behind the studies in this thesis. 

I n c i d e n cee In 1999,15.286 patients (11.649 women) over 55 years old were treated 

forr a hip fracture in the Netherlands. This has increased to 17.550 in 2003 with an 

expectedd national increase of around 5% per year. Displaced femoral neck fractures 

representedd approximately 40% of these hip fractures. The risk of a fall resulting in 
2 2 

aa hip fracture is 16%-18% for a Caucasian female and 5%-6% for a Caucasian male. 

Inn 1990 the estimated global incidence of hip fractures was 1.660.000. This figure is 

expectedd to rise to 6.260.000 worldwide in 2050. 

T h ee u n s o l v ed fractur e The displaced femoral neck fracture has been named 

"thee unsolved fracture". ' This qualification is still valid as discussion continues about 

thee optimal treatment modality in patients over 60 years old. The two existing treatment 

strategiess are internal fixation (IF), which spares the natural femoral head and cartilage 

byy fixating it with an implant, and arthroplasty, where the femoral head is replaced by 

ann endoprosthesis. Three meta-analyses ' ' pooling the data of 17 prospective 

randomisedd studies on IF versus arthroplasty for displaced femoral neck fractures 

identifiedd a trend towards lower early mortality in IF patients. Duration of the operation, 

perioperativee blood loss and risk of deep wound infection were significantly lower in 

patientss treated with IF. These benefits, however, came at the cost of significantly 
55 6 7 

higherr rates of operative revision: 28-36% for IF and 10-16% for arthroplasty. ' ' 

Thee meta-analysis results are of limited use when considering management of individual 

patients.. For meta-analysis purposes all patients were included as being equal, but in 

dailyy practice it is unclear which type of patient may benefit from either treatment 



modality.. In addition very elderly patients (over 85 years of age) are often excluded 

fromm the reviewed randomised studies due to incomplete follow-up. Larger randomised 

trialss may solve the issues of earlv mortality and functional outcome by subgroup 

analysiss of the involved factors."' In the meantime, there is a need for studies to 

definee which padent groups are better served by the different treatment methods.} 

Somee crucial factors may be independent of the type of implant and instead depend 

onn individual conditions. Robinson developed an interesting scoring system to quantify 
ft ft 

thee true physiologic status of individual elderly patients. Five individual qualities were 

quantified:: mobility, accommodation, osteoporosis, cognition and medical condition. 

Thee developed Physiologic Status Score (PSS) could be a useful guide for selection of 

thee appropriate treatment. Patients with a high PSS received IF and patients with a lower 

PSSS arthroplasty, resulting in very low 2-year revision rates: 5% for IF and 2% for 

arthroplasty.. These revision rates were much lower than the meta-analysis results stated 

above.. This selection based on a quantification of individual patient factors appeared to 

bee a promising strategic refinement in decision-making between IF and arthroplasty and 

possiblyy beneficial to the cost of hip fracture treatment for society. 

Factorss associated with fracture healing 
/.. Bone density. The displaced femoral neck fracture has been associated with a lower 

bonee density. Osteopenia and osteoporosis are highly prevalent in the elderly 

population.. Cadaveric and retrospective clinical studies have suggested a relationship 

betweenn lower bone density, less intrinsic stability of internal fixation and worse clinical 
100 11 outcome.. ' Following these findings it was postulated that a measurement of higher 

bonee density may aid in the selection of patients for IF and that patients with low 

bonee density should receive arthroplasty. ' 

2a.2a. Technical considerations during internal fixation. Two essential technical prerequisites 

too fracture healing must be considered when attempting IF: adequate fracture reduction 

andd adequate internal fixation. "" Inadequate reduction is a major risk factor for 

avascularr necrosis and unstable fixation. ' After proper reduction, the Garden Index 

onn the intraoperative image intensified Anterior-Posterior (AP) view should be between 
11 3 

1600 and 180 degrees. Valgus reduction of the femoral head on the AP view is 

acceptablee up to 20 degrees. Any degree of varus reduction is unacceptable. ' In 

thee lateral view the alignment of the femoral head to the shaft should be as close as 

possiblee to 180 degrees, with 10 degrees retroversion being acceptable. ' Correct 



insertionn of 3 cannulated screws relies on the three-point fixation method: the first 

screww should be inserted over the inferior calcar and in the lower half of the reduced 

femorall  head. The first point of fixation is the lateral femoral cortex, the second point 

iss the inferior calcar of the collum femoris, preventing varisation of the femoral head, 

andd the third point hes within the femoral head. In the lateral view a second screw 

shouldd be positioned cranially to the first, with the shaft resting on the dorsal part of 

thee femoral neck, preventing retroversion of the femoral head. A third screw may be 

insertedd parallel at the same level, but more anterior to the second screw. A sliding hip 

screww should be inserted into the central or lower half of the reduced femoral head in 

thee AP view. ' ' On the lateral view the screw should be positioned in the center, 

orr slightly in the dorsal part, of the femoral head. 

2b.2b. Technical considerations during arthroplasty. Either an anterior, lateral or posterior approach 

too the hip may be performed. A Cochrane review showed similar rates of prosthetic 
21 1 dislocation.. When arriving at the joint capsule either a capsulotomy with repair or 

capsulectomyy may be done. Early prosthesis dislocation rates with a posterior approach 
22 2 

weree reported to be higher (4.8% vs 0.7%) after excision of the capsule. Cementing of 

thee prosthesis stem is the favoured treatment. Meta-analysis shows that cemented 

prosthesiss led to better pain relief and mobility after 1 year (relative risk: 0.51 en 0.60 
23 3 respectively).. Modern uncemented prosthesis are gaining favour, but long term outcome 

reportss are needed. Unipolar and the more expensive bipolar prosthetic heads have 

bothh led to similar clinical results (relative risk of dislocation: 1.12). 

3.3. Theoretical consequences and rating of surgical Internal Fixation technique. The association 

betweenn surgical internal fixation (IF) technique for displaced femoral neck fractures 

andd clinical outcome is poorly reported. It has been stated that technique or experience 

levell  of surgeons influences clinical outcome. ~ Whilst retrospective studies have 

correlatedd technical performance with outcome ' , the well described and commonly 
1 Q T C C 

acceptedd reduction and implant positioning criteria in the literature ' have not been 

subjectedd to a technical analysis in relation to prospective clinical outcome. Theoretically, 

ratingg of IF technique by an independent expert could identify situations in which 

clinicall  failure is likely. The possible correlation of independent rating with clinical 

outcomee in displaced femoral neck fracture patients has not been reported. An 

independentt intra- or postoperative poor rating of technique could prompt a pre-

emptivee change in clinical strategy as a consequence. (Re-)intervention before clinical 
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failuree could potentially reduce patient discomfort, improve outcome and save costs 

inn terms of hospital bed turnover. 

4.4. Timing of surgery. The displaced femoral neck fracture is the most common cause of 

avascularr necrosis (AVN) of the femoral head. Of the 35% internal fixation failure 

rate,, AVN with collapse of the femoral head is responsible for 8%. ' Fracture non-

unionn patients do not necessarily have segmental collapse. Union may occur with a 

necroticc head following revascularization. If no regeneration occurs segmental collapse 

follows.. Before collapse occurs, the necrotic bone has the same physical strength as 
28 8 

normall  bone and the cartilage receives nutrition from the synovial fluid. 

Ann alteration in arterial blood supply to and /or venous drainage from the femoral 

headd is the etiology of osteonecrosis. In a displaced fracture all branches from both 

circumflexx femoral arteries are severed. As the blood supply through the medial ligament 

iss insufficient, osteonecrosis probably always occurs. Time to surgery therefore is 

unlikelyy to influence this process, which is in line with a recent study showing no 
29 9 associationn between AVN and time to surgery. 

Controversyy exists about the association between time to surgery and postoperative 
,..  30 -34, î  c ,  , _ 30,31,35-37 , ^ ,  30-38  ,  r . 

complications,, length or hospital stay and mortality in hip rracture 

patients.. A recent well designed prospective study concluded that early surgery, within 

244 hours, was independently associated with a reduced pain and length of hospital 

stayy and probably fewer major postoperative complications was found in healthier 

patients.. No firm conclusions were reported for functional outcomes. It was 

recommendedd that in the meantime, patients with a hip fracture who are medically 

stablee should receive early surgery when possible. 

T o w a r d ss bet ter  p rac t i c e There is growing agreement that clinical practice 

guideliness are helpful sources of advice, good educational tools and intended to improve 

clinicall  care. Clinicians also consider guidelines impractical, too rigid to apply to 

individuall  patients, an oversimplification of medicine or that they reduce physician 
 39 

autonomyy and increased potential for litigation. To address these concerns, guidelines 

shouldd be developed following a scientific method (e.g. American Medical Association 

methodd ) which not only involves consulting local physicians, but also national and 

internationall  peers. 

Withh support from the Ministry of Health, Welfare and Sport the Association of 

Surgeonss of The Netherlands and the Dutch Association of Orthopaedic Trauma 



havee commenced with the development of a concept clinical practice guideline for 

elderlyy hip fracture patients (over 65 years). A multidisciplinary consensus committee 

wass formed consisting of trauma and orthopaedic surgeons, geriatric and nursing 

homee specialists, a physiotherapist and a representative from a patient platform. All 

thee (para)medical specialists had demonstrable clinical and scientific expertise in the 

fieldd of femoral neck and trochanteric fracture management. In this thesis the 

developmentt of the concept femoral neck fracture guideline is presented. This concept 

guidelinee will be discussed at the annual meeting 2005 of the Association of Surgeons 

off  the Netherlands and will appear on the website for comment before official 

publicationn with possible amendments. 
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Aimm of th e thesi s 
Thiss thesis aims to study the patient-related indications for two different surgical 

proceduress and the influence of operative technique in displaced femoral neck fracture 

patients. . 

Inn the Netherlands and probably elsewhere, the impression existed that protocolled 

managementt for displaced femoral neck fractures varied from hospital to hospital. 

AA sample of 20 university and non-university hospitals received a questionnaire about 

theirr protocolled indications for IF and arthroplasty, their protocolled operative 

techniquee and postoperative weight-bearing policy. In chapter  2 the management of 

displacedd femoral neck fractures in these hospitals is described. 

AA previously published study adopting a Physiologic Status Score (PSS) management 

protocol,, which selected patients for either IF or arthroplasty with a cut-off point 

betweenn treatments set at 20 points, showed very low long term revisional surgery 

rates.. To verify this finding in a multi-center setting, 10 hospitals agreed to participate 

inn a PSS protocol validation study. Hypothetically, displaced femoral neck fracture patients 

agedd between 60 and 90 with a high PSS (> 20 points) should benefit from IF and lower 

PSSS patients should benefit from hemiarthroplasty. The benefit is defined as: reduction 

off  the need for revisional procedures and better functional outcome at 2-year follow-up 

comparedd with meta-analysis results. The prospective multi-center study in chapter  3 

verifiedd the PSS treatment protocol as a pre-operative selection method for the choice 

betweenn IF and hemiarthroplasty for displaced femoral neck fractures. 

Basedd on the results of in vitro and retrospective clinical studies active patients over 

600 years with normal bone density or osteopenia should require less revisions to 

arthroplastyy after IF of a displaced femoral neck fracture compared to similar patients 

withh osteoporosis. A subanalysis of the effect of bone density on clinical outcome 

afterr IF in the group of patients with a high PSS (> 20 points) was performed and is 

describedd in chapter  4. Clinical outcome 2 years after IF was analysed in osteopenic 

andd osteoporotic patients. 

Ratingg of operative technique of IF on the pre-, intra- and postoperative radiographs 

wass performed by a panel of independent experts in the PSS verification study. This 

ratingg was potentially subject to interobserver variation, even though the methods of 

correctt reduction and fixation of displaced femoral neck fractures are clearly described 

inn the literature. The width of this possible difference in observer agreement for 

fracturee reduction and sliding hip screw placement is reported in chapter  5. Intra- or 



postoperativee expert rating of poor technique likely to fail could hypothetically prompt 

surgeonss to pre-emptively change their clinical strategy. If inadequate technical rating 

byy independent experts was indeed correlated with clinical failure, complications and 

2-yearr mortality, (re-) intervention before clinical failure becomes evident could 

potentiallyy reduce patient discomfort, improve outcome and save costs. The correlation 

betweenn technical rating and clinical outcome was analyzed in chapter  6. 

Thee time to surgery for hip fracture patients is usually recorded from the time of 

admission,, but the interval to surgery should include the period in which some patients 

remainn immobile at the site of injury for considerable time after their injury and 

physiologicall  deterioration may occur. There is a perception that relatively healthy 

patientss (ASA I and II class) are operated sooner than patients, which require more 

preoperativee evaluation and preparation. In chapter  7 the possible association between 

delayy to surgery, calculated from the day of injury and from the day of hospital 

admission,, with the development of postoperative complications, length of hospital 

stayy and 1 -year mortality rate is determined. A subanalysis of the influence of ASA 

classs on these clinical outcomes was also performed. 

Nationall  clinical practice guidelines could potentially reduce geographic variances in 

treatmentt algorithms and create a basis for a nationally adopted standard treatment, 

formingg a stronger basis for measuring quality of care and comparison with new 

developments.. The development of the concept femoral neck fracture guideline in 

chapterr  8 aimed to answer the following key questions: 

-- What is the most useful diagnostic test and fracture classification in daily practice? 

-- Which patient related factors at admission are important when determining form 

off  therapy? 

-- Which therapeutic strategy is first choice (conservative, operative: internal fixation 

orr arthroplasty') within which timeframe? 

-- Which morbidity can be expected postoperatively? 

-- How should patients be managed postoperatively with regard to somatic, cognitive 

andd social recovery? 

Thee methods, results and main conclusions of the studies performed in this thesis are 

summarizedd in chapter  9 with a Dutch translation provided in chapter  10. 
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Abstrac t t 
Objective.Objective. Description of the treatment protocols for displaced femoral neck fractures 

(FNF)) in 8 university hospitals (UH) and a sample of 12 non-university hospitals (NUH). 

Design.Design. Descriptive; questionnaire. 

Method.Method. General surgeons with an interest in traumatology received a questionnaire. 

Theyy were requested to succincdy answer questions about local protocol for maximum 

timee interval between hip trauma and operation, indications for internal fixation (IF) 

andd arthroplasty, operative technique and postoperative degree of weight-bearing (WB) 

inn patients over 60 years of age with a displaced FNF. 

Results.Results. IF and arthroplasty should be performed within 48 hours in 95% of all hospitals. 

AA "biological" age limit between 65 and 80 years old was the most commonly quoted 

indicationn for IF in 70% of UH and NUH. In 83% of NUH dementia was an indication 

forr arthroplasty, in contrast to 0% in UH. Poor bone quality, immobility, comminution 

andd an inadequate reduction were incidentally quoted indications for arthroplasty. 

(Rheumatoid)) arthritis and a pathologic fracture were contra-indications for IF in all 

hospitals.. Operative technique of IF and arthroplasty was similar in UH and NUH. 

Afterr IF, full WB was recommended in all UH and partial WB in 7 (58%)) NUH. 

Followingg arthroplasty all protocols prescribed full WB. 

Conclusion.Conclusion. The indications for IF or arthroplasty in UH and NUH showed a large 

variation,, which reflects the lack of studies, that demonstrate clearly which patients 

mayy be treated optimally with either treatment modality. The operative technique of 

IFF and arthroplasty showed less differences between the hospitals. Further study is 

warrantedd to identify which individual patients benefit from either IF or arthroplasty. 



Introductio n n 
Inn The Netherlands in 1999 15.286 patients (11.649 women) above 55 years of age 

weree treated for a hip fracture. The average length of stay was 24 days, representing 

3%% of the total number of hospital admission days in the Netherlands. Around 

12.0000 of these patients were presented by ambulance to the Emergency Department 

(ED).. The treatment cost of the latter group amounted to 212 million Euro's, 22% of 

thee cost of all patients admitted via the ED. The lifetime risk of a hip fracture is 

16%-18%% for a Caucasian female and 5%-6% for a Caucasian male. 

AA femoral neck fracture is present in about half of this group. The fracture line in 

thesee cases runs proximal to the hip capsule insertion. These fractures can be divided 

intoo displaced fractures (72%) and undisplaced (impacted) fractures, which are 

essentiallyy non-displaced (28%). Subclassifications (e.g. according to Garden̂  exist, 

butt have no clinical consequences. The fracture does not heal without operative 

treatmentt and is an indication for surgery. The fracture may then be internally stabilised 

withh screws or pins (internal fixation, IF) or the femoral head is extracted and replaced 

byy an endoprosthesis (hemiarthroplasty, HA of total hip arthroplasty, THA). Above 

600 years this fracture type has been named "the unsolved fracture", as discussion still 

continuess about the pros and cons of both treatment modalities. 

Meta-analysiss data of patients above 60 years of age show that arthroplasty decreases 

thee chances of a revisional operation compared to IF, but at the cost of more infections, 

moree blood loss, more operation time and possibly early mortality. ' ' Conclusions 

aboutt pain and functional outcome in the longer term are not available. ' ' 

Thee meta-analysis data are of limited use in daily practice, because all patients above 

600 years are considered as one group. It is unclear which individual patients are better 

offf  with either treatment modalities. Studies with a high level of evidence concerning 

patientss factors in relation to therapy and outcome are deficient. In The Netherlands 

thee impression therefore existed that the treatment of displaced femoral neck fractures 

wass subject to variation in different hospitals. The aim of this study was to describe 

howw the displaced femoral neck fracture was treated according to local protocol in all 

universityy hospitals and a sample of non-university teaching hospitals. 

Method s s 
Att the end of 2001 a sample of all 8 university hospitals (UH) and 12 non-university 

teachingg hospitals (NUH) in the region of each UH was taken. General Surgeons with 

ann interest in Traumatology were invited to answer a questionnaire based on their 
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currentt local treatment protocol for displaced femoral neck fractures. 

Thee questions concerned the pre-, peri-, en postoperative (< 3 days) treatment phase 

withh IF or arthroplasty. Open questions were avoided. The preoperative questions 

concernedd the use of ipsilateral limb traction, the maximum accepted time interval from 

hipp trauma to surgery and the (contra-)indications for IF or arthroplasty. (Contra-) 

indicationss were listed based on those in the literature and could be answered with yes 

orr no. In the perioperative phase the questionnaire inquired about patient positioning 

andd the hip joint approach. For fracture reduction before IF the exact angles of accepted 

positionn of the femoral head on the fluoroscopic images were required. Postoperatively, 

thee weight-bearing and physiotherapy consultation could be confirmed or refuted. 

Tablee 1 demonstrates the list of questions. 

Tabl ee 1. List of questions 

PREOPERATIVELY: PREOPERATIVELY: 
Wass ipsilateral limb traction performed? 

Maximumm accepted time interval (hours) between hip trauma and operation? 
Indicationss for Internal Fixation according to list? 
Indicationss for arthroplasty according to list? 

PERIOPERATIVELYPERIOPERATIVELY DURING INTERNAL FIXATION: 
Patientt position supine or lateral? 

Tractionn table or Leadbetter manouver for fracture reduction? 

Whichh angle of the femoral head fracture line (or Garden Index) on the anterior-posterior 
fluoroscopicc image is acceptable? 

Whichh angle of the axis through the central femoral head on the lateral fluoroscopic image 
iss acceptable? 
Whichh implants are inserted according to protocol? 

Onn which day is weight bearing (full or partial) allowed postoperatively? 
Iss physiotherapy consultation routine? 

PERIOPERATIVELYPERIOPERATIVELY DURING ARTHROPLASTY: 
Patientt positioning supine or lateral? 

Whichh approach to the hip joint is taken? Anterolateral/lateral/posterior 
Excisionn of incision and closure of the joint capsule? 
Usee of cement for endoprosthesis stem? 
Whichh type of endoprosthesis is inserted according to protocol? 

Onn which day is weight bearing (full or partial) allowed postoperatively? 
Iss physiotherapy consultation routine? 



Thee returned questionnaires were checked and missing answers were completed after 

consultationn by telephone with the surgeon concerned. The answers from the UH 

andd NUH were analysed separately to permit comparison. 

Statisticall  differences between non-normally distributed data were analyzed with the 

Mann-Whitneyy test. A p-value < 0.05 was considered significant. 

Result s s 
Thee questionnaire forms were returned by each hospital and where necessary missing 

answerss were completed. 

Preoperat ive lyy Ipsilateral limb traction was performed in 4 out of 12 (33%) 

NUH.. In UH traction was not indicated. According to local protocol IF was performed 

withinn 24 hours in 19 (95%) of the hospitals and arthroplasty in 17 (85%) hospitals 

withinn 48 hours, table 2. An age limit for performing IF was present in 16 (80%) of 

hospitals;; a "biological" age below 70 years was most frequendy quoted (range 65-80 

years).. "Biological" age as an indication for IF or arthroplasty was similarly present in 

bothh NUH and UH, as illustrated in table 3 and figure 1. In NUH dementia was a 

moree frequent indication for arthroplasty. (Reumatoid) arthritis or a pathologic fracture 

weree considered as absolute indications for arthroplasty. Incidentally, 

thee following indications for arthroplasty were quoted: Parkinson's disease, cardio-

pulmonaryy morbidity, osteoporosis, comminution of the dorsal femoral neck, 

inadequatee femoral head reduction intraoperatively, a fracture angle > 50° in relation 

Tablee 2. Preoperative phase in 12 Non university en 8 University hospitals 

Nonn universit y Universit y 

44 0* 
88 8 

33 2 
99 5 

1 1 

77 3 
44 5 
11 0 

*p<0.01 1 

Ipsilaterall limb traction Yes 
No o 

Acceptablee time interval between 
traumaa and IF < 8 hours 

<< 24 hours 
<< 36 hours 

Acceptablee time interval between 
traumaa and arthroplasty < 24 hours 

<< 48 hours 
<< 72 hours 



Tabl ee 3. Indications for internal fixation (IF) and arthroplasty (n=20). 

IF: : Nonn universit y Universit y 
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(Biologic)) age, see figure 1 
Alwayss IF unless absolute contraindication * or 

-- Inadequate reduction > 75 years of age 

-- Poor bone quality/osteoporosis 
-- Dorsal comminution 

Dementia a 

Adequatee reduction possible, no arthritis of the hip 

Arthroplasty : : 

(Biologic)) age, see figure 1 

Dementia a 
Bed-chairr patient 
(Rheumatoid)) arthritis 
Pathologicc fracture 

11 1 

1 1 
0 0 
0 0 

0 0 

1 1 

0 0 

5 5 

2 2 
1 1 

1 1 
1 1 

0 0 
2 2 

11 1 

10 0 

6 6 
11 1 

12 2 

5* * 

II * * 

2 2 

8 8 
8 8 

t t Rheumatoidd arthritis of the hip joint, pathologic fracture, * p = 0.33 p<0.01 1 

II  I Non university 

II  t University 

<< 65 years << 70 years << 75 years << 80 years 

Figur ee 1 . Distribution of (biologic) age limits for internal fixation. Above the age limit 
arthroplastyy was indicated. 

too the horizontal plane, poor vascularisation of the femoral head on a technetium 

scann and a life expectancy below 15 years. 

Perioperativelyy — Fractur e reduction and IF IF was performed in the 
supinee position with a traction table in all hospitals. The reduction technique according 

too Leadbetter was performed in 9 (45%) hospitals. Using this manouver, free from the 



Figur ee 2. 
Reductionn of the femoral head in valgus. 

tractionn table, the upper leg is manually fleeted, endorotated and abducted to reduce 

thee femoral neck fracture. In the other hospitals the fracture was reduced by traction 

andd endorotation by using the devices attached to the traction table, table 4. 

Fivee criteria for fracture reduction are shown in table 4. Reduction of the femoral 

headd in a maximum of 20° valgus (figure 2) on the Anterior-Posterior (AP) fluoroscopic 

imagee was prescribed in all UH. In 5 of 12 (42%) N UH anatomic reduction was 

allowed.. On the lateral intraoperative image similar reduction criteria were found in 

thee UH and N U H. 

Accordingg to the protocols the implants for IF were: cannulated screws, compression 

hipp screws (e.g. DHS, Synthes, Bettlach, Switzerland) and hip pins; figures 3, 4 and 5 

illustratee the implants and correct positioning. The use of implants for IF was similar 

inn UH and N U H, table 4. 

I nn 13 (65%) hospitals patients were allowed full weight-bearing on the first day 

postoperat ively.. Part ial weight-bear ing after I F was advised 6 (50%) N U H . 

Physiotherapyy was consulted in all hospitals as a routine measure. 

P e r i o p e r a t i v e lyy —Ar th rop las t y Patient positioning, hip joint approach and in-

orr excision of the joint capsule was similar in UH and N U H. The lateral position was 

preferredd in 13 (65%) hospitals. Al l endoprosthesis stems were cemented at the time 
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Figur ee 3a and 3b . Example of technically optimal Dynamic Hip Screw (DHS) placement. 
Thee DHS screw should be positioned below the line in the AP view, in the central or caudal 
partt of the femoral head 5-10 mm from the subchondral bone. In the lateral view the screw 
shouldd be positioned the the central to dorsal part of the femoral head (circle). 

Figur ee 4a and 4b. Technically optimal placement of cannulated screws according to the three-
pointt fixation principle: First point: screwtip within the femoral head. Second point: the shaft of 
thee lower dorsal screw rests on the cortex of the dorsal femoral neck; the shaft of the lower 
ventrall screw rests on the calcar. Third point: the screwhead within the lateral femurcortex. 



Tabl ee 4. Perioperative measures, implants and postoperative management for Internal 

Fixationn (n=20). 

Nonn universit y Universit y 

Reductionn technique 
-- Closed with traction table or Leadbetter technique1 ] 

-- Open if closed reduction fails 
Criteriaa adequate reduction femoral head on the AP view 
-- In valgus (Garden Index 160-180 degrees) 
-- Anatomic (Garden Index 160 degrees) 
Criteriaa adequate reduction of femoral head on the lateral view 

-- Anatomic (0 degrees ante- of retroversion) 
-- 0-10 degrees ante- or retroversion 
-- Maximum 20 degrees retroversion 

Implantss for internal fixation 
-- (Cannulated) screws 
-- Dynamic Hip Screw (DHS) 
-- (Cannulated) screws or DHS or pins 
Postoperativee weight-bearing with physiotherapy 

-- Full 
-- Partial 
-- None 

12 2 
3 3 

9 9 
5 5 

4 4 
3 3 

5 5 

4 4 
2 2 
6 6 

5 5 
6 6 
1 1 

** p<0.01 

Figur ee 5a and 5b. Technically optimal placement of hip pins (without screwthread) with a hook 

forr fixation within the femoral head. The pins are also placed according to the three-point fixation 

principall (see figure 4). 

n n 
— — 

25 5 

8 8 
0* * 
0 0 



Tabl ee 5. Perioperative measures for arthroplasty (n=20). 

Nonn universit y Universit y 

26 6 

Patientt positioning 

-- Supine 

-- Lateral 

Surgicall approach to the hip joint 

-- Anterior or lateral 
-- Posterior 

Excisionn of the joint capsule 

Incisionn and closure of the joint capsule 

3 3 

10 0 

11 1 
2 2 

5 5 
7 7 

Tabl ee 6. Advantages and disadvantages of IF and arthroplasty during preoperative decision-
making.. Cost-effectiveness is based on recent studies.36,37 The percentages and relative 
riskss (RR) are based on meta-analysis data.9,10 

Internall fixation 

Advantage e Retainmentt of natural hip 
Lesss surgical trauma and morbidity 
Earlyy mortality possibly less (RR 0.8) 

Disadvantagess More risk of revision to arthroplasty (10-49%, RR 4.3) 

Lesss cost-effective after 2 years (total Euro 16.000) 

Arthroplasty y 

Advantages s Lesss risk of revision (0-24%, RR 0.2) 

Moree cost-effective after 2 years (total Euro 11.500) 

Disadvantagess More surgical trauma and morbidity 

Moree risk of infection around implant (3%, RR 1.8-3.8) 
Endoprosthesiss dislocation requiring open of closed reduction (3-20%) 
Stemm loosening (5%) 
Acetabularr erosion in hemiarthroplasty (3%) 

off  the questionnaire. In 7 (35%) hospitals an antibiotic was added to the cement 

powder.. Unipolar endoprosthesis heads were inserted in 15 (75%) hospitals and bipolar 

headss in 5 (25%) hospitals. All protocols prescribed full weight-bearing with optimal 

painn management with routine physiotherapy consultation on day 1, 2 or 3 

postoperatively,, table 5. 



Discussio n n 
Thiss questionnaire, performed among general surgeons with an interestin traumatology, 

showedd that the number of indications for the treatment of displaced femoral neck 

fracturess was with IF or arthroplasty was variable in university (UH) and non university 

hospitalss (NUH). Biologic age appeared to play a major role in the decision process, 

butt the upper age limit for IF varied between 65 to 80 years. The applied technique in 

bothh types of operations was similar in UH and NUH. 

Thee results of the questionnaire are limited by a number of factors. First, only general 

surgeonss with an interest in traumatology received the questionnaire. It was clear to us 

thatt discussion about optimal treatment continues in this group. The board of the 

Dutchh Association of Orthopaedic Trauma (N VOT) acknowledged the same discussion 

amongstt their orthopaedic members. In the American orthopaedic literature the recent 

meta-analysiss by Bhandari et al accentuates the most important points of discussion. 

Second,, the sample of 1 of 2 regional NUH per UH may not be representative of all 

NUH.. We believe that expansion of the number of NUH receiving the questionnaire 

wouldd confirm the variation in indications. 

Preoperativelyy skin and skeletal ipsilateral limb traction after hip fractures was not 

appliedd in the UH. A Cochrane analysis found no advantage of preoperative traction 
12 2 too prevent further fracture malalignment. 

IFF was performed in 95% of hospitals within 24 hours and arthroplasty in 95% of 

hospitalss within 48 hours. The maximum accepted time interval from hip trauma to 

operationn was similar in UH and NUH. Acute cardiopulmonary pathology should be 
13 3 treatedd preoperatively to reduce mortality, but chronic pathology treatment does not 

reducee mortality, morbidity or postoperative function. A recent prospective cohort 

studyy among 1178 patients showed that medically stable patients should receive either 

IFF or arthroplasty within 24 hours because of a significant association with less pain 

andd shorter length of stay. After 48 hours the risk of complications rises, especially 

thee development of pressure sores. 

Thee protocols in 14 (70%) hospitals contained a "biologic" age limit between 65 and 

800 years of age, under which IF and over which arthroplasty was performed. 

Determinationn of "biologic" age represents an estimation by the surgeon based on 

ownn experience and expertise (the lowestt level of evidence). Mobility, accommodation 

statuss and medical history have been reported to play a role in determining "biologic" 

age,, but were named in only 1 hospital. Previously a calendar age of 65-70 years was 

consideredd the upper limit for IF. ' An early prospective study showed that the 
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failuree rate of IF rose to 50% at 85 years of age. More recently the upper limi t of 

21 1 

calendarr age for IF is slowly rising to 80 years of age. 

Dement iaa was considered to be an indication for arthroplasty in 10 (83%) N U H. In a 

randomisedd Dutch study among 60 demented patients IF in this group was preferred, 
22 2 

becausee of less perioperative morbidity. It remains unclear which treat is optimal in 

thiss group of cognitively impaired patients. 

Thee arbitrary application of the indications for IF or arthroplasty above, without 

provenn criteria in the literature, is reflected in the questionnaire answers. In individual 

casess the decision -making presents a challenge. Table 6 sums up the (dis)advantages 

off  both treatment modalities. ' To retain the natural hip joint patients may be inclined 

too accept a revision rate of 25%-36% ' ' , because failure can effectively be revised 

too arthroplasty. ' 

Priorr to IF anatomic to valgus reduction of the femoral head was required in the 
211 25 

anterior-posteriorr view in all hospitals, see figure 2. ' ' Inadequate reduction, especially 

reductionn in varus, is a proven risk factor for failure. ' ' Arthrotomy and open 
211 28 

reduct ionn is seldom necessary. ' In the lateral view more than 10 degrees of 

retroversionn of the femoral head was allowed in 5 N UH en 4 UH. Expert opinion 

advisess that the line through the centre of the femoral head should be in line with the 

axiss of the femoral diaphysis. A maximum of 10 degrees of retroversion is acceptable, 

seee figures 3b, 4b en 5b. ' 5' 

Thee application of the implants for IF in all 20 hospitals is supported by high-level 

evidence.. A Cochrane analysis of 25 randomised studies showed similar outcome in 

patientss treated with a compression hip screw or with cannulated screws and pins 
29 9 

(figuress 3, 4 en 5, relative risk (RR): 0.90). In steep fracture angles (> 50 degrees, 

Pauwelss type 3) the fixed-angle compression hip screw has a theoretical advantage 

overr non fixed-angle cannulated screws. 

A nn anterior (14 hospitals) or posterior (6 hospitals) approach to the hip joint may be 
111 12 11 

appliedd during arthroplasty, as dislocation rates are similar. '" '~ Cementation of the 

prosthesiss stem (all hospitals) is still the preferred treatment in anticipation of long 

termm follow-up data about modern uncemented endoprostheses. Cementation leads 

too less pain and better mobility compared to non-cemented endoprostheses (RR: 0.51 

enn 0.60 respectively)/ After hemiarthroplasty dislocation rates of unipolar (15 

hospitals)) and the more expensive bipolar (5 hospitals) are similar (RR 1.12). 

Thee effect of partial (7 NUH) versus full (all 8 UH) postoperative weight-bearing on 

clinicall  outcome after IF was analysed in one randomised study. At 1 year follow-up 



similarr clinical outcome was found for full weight-bearing after 2 weeks versus full-

weightt bearing after 12 weeks. Following IF and arthroplasty patients are probably 

bestt mobilised with full weight-bearing, which is in line with all UH protocols. 

Inn conclusion this questionnaire demonstrated that variable indications for deciding 

betweenn IF and arthroplasty existed amongst the hospitals. This reflects the lack of 

highh level evidence. The peri- and postoperative protocols for IF and arthroplasty 

weree more similar and were in line with the available evidence. The questionnaire 

resultss and the available evidence warrant a large prospective randomised study 

containingg enough patients to stratify for each possible subgroup of patients, which 

cann only be achieved in an international setting. An optimal decision between IF and 

arthroplastyy in individual patients may then be reached. 
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Abstrac t t 
Background:Background: Meta-analysis results of internal fixation (IF, revision rate 35%) versus 

hemiarthroplastyy (HA, revision rate 16%) for displaced femoral neck fractures have 

failedd to generate agreement on the appropriate therapy in individual patients. Factors 

affectingg outcome may depend on individual conditions. Mobility , accommodation, 

bonee density, cognitive and medical condition were quantified into a Physiologic Status 

Scoree (PSS, maximum 26 points). Hypothesis: IF is appropriate in high PSS patients 

andd HA in lower PSS patients. The aim was to validate application of a published PSS 

protocoll  for treatment selection, expecting a 10% reduction in revisions compared to 

meta-analysiss data. 

Methods:Methods: Patients aged 60-90 were included in 10 hospitals. Bone density was measured 

pre-operativelyy with Dual Energy X-ray Absorptiometry. If PSS > 20 points, I F was 

per formedd and if PSS < 20, HA. Operat ive technique was specified and staff 

supervisionn was mandatory. Postoperatively, full weight-bearing was recommended. 

Follow-upp (FU) was scheduled at 8 weeks, 1 and 2 years for Harris Hip Score (HHS) 

assessmentt and radiographs. End points were revision, mortality and function. IF 

techniquee was rated by an independent expert panel. 

Rfsu/ts:Rfsu/ts: 224 patients were included; FU rate was 98%. IF (PSS > 20) was performed in 

1155 and HA (PSS < 20) in 109 patients. The realized 2 year revision rate after IF was 

4 0%% (expected outcome 25%, NS) and after HA 3% (expected outcome 6%, p < 

0.05).. Two-year mortality was 16% in I F and 50% in HA patients (p < 0.01). Revised 

andd successful IF patients had a similar mortality rate (11% vs 16%, p = 0.53). Two-

yearr mean HHS was significandy higher in both successful IF (79 ) and revised IF 

(788  16) patients compared with HA patients (71  12, p = 0.007 and 0.001 

respectively).. Technical errors were found in 15 IF patients. Excluding technical failures, 

subanalysiss showed that IF revision rate was 3 1% (24% in patients aged 60-79 and 

4 1%% aged > 80 years). 

Conclusions:Conclusions: Application of the PSS does not improve decision-making in a substantial 

way.. This contradicts the original PSS results. The PSS protocol did lead to a low 

revisionn rate in patients selected for HA. Patients with a PSS > 20, aged 60-79 years, 

cann tolerate a 1 in 4 revision rate of appropriate IF while older patients nearly have a 

11 in 2 risk of revision. 

Leve/Leve/ of Evidence: Level 2-1 therapeutic study; prospective multi-center design with 

concurrentt controls. 



Studyy backgroun d 
Inn 1990 the estimated global incidence of hip fractures was 1.660.000. This figure is 

expectedd to rise to 6.260.000 in 2050.1 In 1999, 15.286 patients (11.649 women) over 

555 years old were treated for a hip fracture in the Netherlands. The average admission 
2 2 lengthh was 24 days, representing 3% of total national hospital days. Displaced femoral 

2 2 
neckk fractures represent approximately 40% all hip fractures in the Netherlands. 

Discussionn continues on the subject of optimal treatment for displaced femoral neck 

fractures.. In 1976 Barnes showed that the percentage of union after internal fixation 

decliness as age advances, to as much as 50% at 85 years of age. Three meta-analyses ' ' 

poolingg the data of 17 prospective randomised studies, on internal fixation (IF) versus 

arthroplastyy for displaced femoral neck fractures identified that IF led to significandy 

moree operative revision. The first meta-analysis by Lu Yao calculated a median revision 

ratee of 35% for IF and 16% for HA. Weighed means of revision rates after IF in two 

moree recent meta-analyses were 28.6% and 18.5% for non-union and 8.3% and 9.7% 

forr avascular necrosis. ' Compared with arthroplasty IF was shown to have less 

operationn time, less perioperative blood loss, lower risk of deep wound infection and 

possiblyy a lower early mortality rate. ' ' Specific arthroplasty complications were: 

dislocationn of the prosthetic head (4%), loosening of the stem (5%) and in the longer 

termm the risk of acetabular protrusion (3%). In view of the two latter problems it has 

beenn suggested that patients with a longer life expectancy should not be treated with 

hemiarthroplasty.. The pooled data of all three meta-analyses could not determine 

whichh therapy led to better pain relief and functional outcome in the short and long 

term.. ' ' Larger randomised trials may solve the issues of early mortality and functional 

outcomee ' , but there is still a need for studies to define which patient groups are 

betterr served by the different treatment methods. 

Somee crucial factors may be independent of the repair of the fracture and instead 

dependd on individual conditions. In 1994 an interesting decision-score system to quantify 

thee true physiologic status of individual patients between 65 and 85 years of age was 

published.. Five individual qualities were quantified into a total Physiologic Status Score 

(PSS):: mobility, accommodation, osteoporosis, cognition and medical condition. The 

developedd PSS could be a useful guide for selection of the appropriate treatment. Patients 

withh a high PSS aged between 65 and 85 years received IF and patients with a lower PSS 

ann endoprosthesis. At 21 months follow-up the revision rates in both groups added up 

too 5%. This promising clinical outcome has not been independendy verified. We 

consideredd the selection based on quantification of individual patient factors to be a 



strategicc refinement in decision-making between IF and arthroplasty and of possible 

benefitt to the cost of hip fracture treatment for society. 

Hypotheticaily,, displaced femoral neck fracture patients aged between 60 and 90, assessed 

withh the Physiologic Status Score and treated accordingly, should have less need for 

revisionall  procedures and better functional outcome at 2 year follow-up compared with 

meta-analysiss data. The purpose of this study was to assess the validity of the Physiologic 

Statuss Score as a pre-operative selection method for the choice between IF and 

hemiarthroplastyy for displaced femoral neck fractures in a multi-center setting. 

Material ss  and Method s 
D e s i gnn a nd i n c l u s i on Patients from 4 university and 6 non-university teaching 

hospitalss were prospectively included. An algorithm of the study design is shown in 

figuree 1. Patients presenting with a displaced fracture of the femoral neck to the 

Emergencyy Department were eligible for inclusion in this study. In- and exclusion 

criteriaa are listed in table 1. Data analysis was performed per protocol. 

Uniformm case report forms (CRF) were distributed to all participating centers. Inclusion 

off  patients started on 1 June 2000 and closed on 30 November 2001. Inclusion of 

eligiblee patients was reported to the investigators by telephone. Inclusion and exclusion 

criteriaa were checked and any unclear issues resolved. 

Tabl ee 1 . In- and exclusion criteria. 

Inclusionn criteria: 
Agedd between 60 and 90 years old 

Displacedd intracapsular femoral neck fracture, no trochanteric fractures 

Exclusionn criteria: 

Undisplacedd femoral neck fractures 
-- Displaced femoral neck fracture older than 48 hours 

Patientss with advanced arthrosis of the ipsilateral hip joint who would normally be treated by 
totall hip replacement. The diagnostic signs on plain X-ray of this condition were: subchondral 
sclerosis,, narrowing of the articular deft, formation of osteofytes and subchondral cyst 
formation n 

Patientss with established rheumatoid arthritis or showing signs of this disease on plain X-ray 
-- Patients with a pathological fracture or who sustained a spontaneous fracture after a 

comparativelyy minor trauma with signs of osteolysis at the fracture sight on plain X-ray 
-- Preoperative immobility; patients who were already bed-ridden or bed-chair commuters 

Invalidityy due to neurologic disease; M. Parkinson or CVA 



Thee modified Physiologic Status Score (PSS) The scoring system of the 
modifiedd PSS is shown in table 2. The cut-off point for IF was set at 20 points as 

proposedd by Robinson. The original osteoporosis component of the PSS was 

determinedd using the Singh index, which has been proven to have an unacceptable 

interobserverr variance. ' In the modified PSS bone density was therefore measured 

pre-operativelyy with the gold standard method: Dual-Energy X-ray Absorptiometry 

(DXAA scan). The results of DXA were given as a Standard Deviation compared with 

thee peak value of an adult aged 20-30 years (T-score) and a Standard Deviation 

comparedd with bone density of the same age group (Z-score). The contralateral 

uninjuredd femoral neck was measured for cortical bone density and representative 

lumbarr vertebrae 1 to 4 (fractured or impressed vertebrae were excluded) were measured 

forr cancellous bone density. Scanning duration was 10 minutes. The extra radiation of 

2,00 microSievert (WHO classification group I) for the patient was considered minimal. 

Iff  the uninjured hip contained a prosthesis, the mean T-score and Z score of the 

lumbarr vertebrae 1 to 4 was used. The participating hospitals were required to have an 

easilyy accessible facility to perform the pre-operative DXA scans. 

Too assess the agreement on PSS scoring an interobserver study was performed among 

33 staff surgeons and a fifth year surgical resident, who were asked to independendy 

assesss 15 hip fracture patients older than 60 years. Mobility, accommodation, cognition 

status,, ASA class and therapy choice based on the total PSS score (table 2) were 

scored.. The bone density component of the PSS was based on exact DXA 

measurement.. The scorers were blinded to eachothers' findings. 

Treatment t 
Pre-operatively:Pre-operatively: Antibiotic and thrombosis prophylaxis was administered according to 

hospitall  policy. A third or fourth generation Cefalosporin intravenously, 30 minutes 

beforee incision, was recommended. Low Molecular Weight Heparin 2850 IU 

subcutaneouslyy once daily was recommended to prevent thrombosis. Traction of the 

ipsilaterall  leg was not necessary. 

Intra-operativelj:Intra-operativelj: Operations of study patients were supervised by staff surgeons who 

performedd > 20 procedures for displaced femoral neck fractures per year as operator 

orr supervisor. In the Anterior-Posterior image intensified view reduction of the femoral 

headd in 0-20 degrees of valgus was recommended. In the lateral view the line between 

headd and long axis of the femoral shaft was recommended to be as close as possible to 



Tabl ee 2. The modified Physiologic Status Score for patients aged 60-90 years old. 

MobilityMobility assessment (maximum score, 5 points) 

Fulll mobility without walking aids: 5 

Mobilee with one walking aid: 4 
Mobilee with two walking aids: 3 

Mobilee with frame with or without wheels: 2 
Immobile/wheelchairr bound: 1 

AccommodationAccommodation assessment (maximum score, 5 points) 
Fullyy independent in own home, able to do shopping/household chores: 5 

366 Living in own home but partially dependent on social services/relatives: 4 
Livingg in sheltered accommodation: 3 
Livingg in residential home without full time nursing care: 2 
Livingg in long time hospital care/nursing home requiring full nursing care: 1 

OsteoporosisOsteoporosis assessment (maximum score, 6 points) 
Normall bone density: 6 

Osteopeniaa <T score: 1.0-2.5 standarddeviation), normal for age: 5 
Osteopeniaa (T score: 1.0-2.5 standarddeviation), abnormal for age: 4 
Osteoporosiss (T score: 2.5-3.5 standarddeviation), normal for age: 3 
Osteoporosiss (T score: 2.5-3.5 standarddeviation), abnormal for age: 2 
Seriouss osteoporosis (T score: 3.5 standarddeviation), normal or abnormal for age: 1 

CognitionCognition assessment31 

(maximumm score of 5 points derived by dividing test result, 
forr which 1 point is allocated for each correct answer, by 2) 

Agee (to within one year): 

Timee (to within one hour): 
Addresss to recall at end of test - eg 42 West street: 
Year: : 
Namee of hospital: 

Recognitionn of two persons (doctor, nurse etc): 
Datee of birth: 
Yearr of First World War: 
Namee of present monarch: 
Countt backward from 20 to 1: 

MedicalMedical assessment 32 

AA normal healthy patient: 5 
AA patient with mild systemic disease: 4 

AA patient who has severe systemic disease that is not incapacitating: 3 
AA patient who has incapacitating disease that is a constant threat to life: 2 

AA moribund patient, not expected to survive for 24 hours with or without surgery: 1 

Tota ll  point s < 20: hemiarthroplast y 
Tota ll  point s £ 20: interna l fixatio n 



1800 degrees. Retro- and anteversion of the femoral head up to 10 degrees was accepted. 

Implantss for internal fixation: In fracture angles up to 50 degrees (Pauwels type I and 

II) ,, cannulated cancellous screws or sliding (compression) hip screws were recommended; 

inn steeper, Pauwels 3 type fractures, a fixed-angle sliding hip screw was recommended. 

Thee three-point fixation method was advocated for internal fixation with cannulated 

screws.. For sliding hip screw placement, a position of the screw over the inferior 

calcarr and into the central to lower half (AP view) and central to dorsal (lateral view) 

partt of the femoral head was advised. 

Alll  current uni- or bipolar endoprostheses could be used as implants for hemiarthroplasty. 

Surgicall  approach to the hip joint and capsulotomy or capsulectomy were not protocolled. 

Cementingg of the stem was mandatory. 

Post-operatively: Post-operatively: 

Dependingg on pain severity and with the aid of physiotherapy, full weight-bearing was 

recommendedd after both treatment modalities. Major post-operative complications 

weree considered to be: deep infection (beneath the fascia lata), congestive heart failure, 

pulmonaryy embolus and cerebrovascular accident. Minor complications were: 

pneumonia,, cardiac arrhythmia, urinary tract infection, wound haematoma, superficial 

woundd infection, pressure sores, delirium and deep venous thrombosis. 

Def in i t i o nn of e nd po in t s Major revision of either IF or hemiarthroplasty was 

thee primary end point. Dislocation of an endoprothesis and closed reduction was not 

consideredd to be a major revision. Patients reaching the end point of major revision 

weree still evaluated for the full designated follow-up period. Secondary end points 
12 2 were:: mortality and Harris Hip Score at follow-up. 

Stat is t icall  m e t h o ds The sample size was calculated with a one-sided 95% 

Confidencee Interval (CI) test for proportions. For normally distributed data, p values 

weree calculated with an independent samples t-test. The two sample Mann-Whitney 

testt was used to calculate significance in non-normally distributed data. The distribution 

off  data was tested for normality with a one-sample Kolmogorov-Smirnov test. For 

normallyy distributed data, p-values and 95% confidence intervals were calculated with 

ann independent samples t-test. For non-parametric correlation the Spearman rank co-

efficientt was calculated. Binary Logistic Regression with therapy as a categorical variable 

wass performed. The coefficient of concordance as a measure of agreement on PSS 



scoringg was calculated with Kendall's W test. P-values < 0.05 were considered to 

indicatee a statistically significant difference. SPSS, version 11.5 (Statistical Package for 

Sociall  Sciences Incorporated, Chicago IL, USA) was used for data analysis. 

S a m p lee s i ze Data from the five comparative studies ' ' ' ' and eligible case 

seriess in Lu-Yao's meta-analysis, which was available in 2000, showed a median revision 

ratee of 35% for IF and 16% for HA at 2 year follow-up. One-year mortality was 28% 

inn both groups combined. 

Iff  application of the PSS could achieve a revision rate reduction of 10% (35% to 

25%)) for IF at 2 year follow-up, one-sided 95% CI analysis with an alpha of 0.05 

showedd that 70 IF patients [upper limit 95% CI: 0.34] were required for inclusion. 

Expectingg 40% of the total sample to be IF patients , 105 HA patients [upper limit 

95%% CI: 0.10] were required. The expected amount of HA patients was therefore 

enoughh to prove a significant reduction in revision from 16% to 6%. Anticipating a 2 

yearr mortality rate of 30%, at least 70 + 105 + 85 = 250 patients were required. 

D a t aa co l lec t ion and fo l low-up Case report forms were completed on admission, 

att operation and upon discharge. 

Follow-upp was scheduled at 8 weeks, 1 and 2 years after internal fixation and at 1 and 
12 2 

22 years after arthroplasty. At each follow-up interval the Harris Hip Score was 

documentedd on the CRF. The Harris Hip Score is based on the assessment of four 

parameters:: no pain is allocated 44 points, optimal function 47 points, absence of 

deformityy 4 points and normal range of motion 5 points of the total score. A maximum 

off  100 points can be achieved. Plain radiographs in the AP and lateral views of the 

affectedd hip were also performed and assessed at each follow-up interval. 

Sub-analysiss of technique in the internal fixation (IF) group A panel 
off  two independent experts, who were not involved in this study, was instituted for 

blindedd rating of the quality of IF. Digital images of only the pre-, intra- and 

postoperativee radiographs, with patient and institution names removed, were presented 

too the panel. They were asked to rate fracture reduction and internal fixation separately 

andd to give an overall rating of technique. An adequate or inadequate rating, regardless 

off  their opinion of likely clinical outcome, could be assigned. 

Bothh experts rated fracture reduction and internal fixation according to the treatment 

specificss stated above. The experts were blinded to each others' findings. A case was 



consideredd a technical failure when both experts rated overall technique as inadequate. 

Inst i tut iona ll  Rev iew Board The study protocol was submitted to the Institutional 

Revieww Board (IRB) of each participating clinic. The PSS strategy was considered to be 

withinn the limits of existing protocolled medical practice by the IRB and permission was 

grantedd to proceed without informed consent in 4 university hospitals and 2 non-university 

hospitals.. Informed consent was deemed necessary in 4 non-university hospitals. Patients 

weree approached at admission by the surgical or orthopaedic registrar on duty for consults 

inn the Emergency Department. Patients consented to be bound by the results of the 

PSSS before the score was completed. The study was conducted in full accordance with 

thee laws and regulations of the Netherlands. 

Result s s 
Patientt  and therapy characteristics A total of 252 patients were included in 
100 participating hospitals in 17 months. In the three hospitals contributing 117 (52%) 

patientss of the total evaluable group all operation codes for femoral neck fracture 

proceduress were retrieved. It appeared that 93% of patients presenting to the 

Emergencyy Departments meeting inclusion criteria had indeed been included. No 

patientss refused to abide by their treatment assignment after the PSS score was 

completed.. Twenty-eight patients (11%) were excluded from final analysis due to 

violationn of protocol and dropout, as shown in figure 1. For final analysis 224 patients 

Tablee 3. Basic patient characteristics. Data are expressed as means  SD. 

Age e 
M/F F 

PSSPSS components: 
Mobility y 
Accommodation n 

Bonee density 
Cognition n 
Medicall condition 

Delayy to surgery (hours) 
Operationn time (minutes) 

PSSS < 20 (HA) 
nn = 109 

82.677 0 
199 M / 9 0 F 

3.200  1.34 
2.811  1.28 
3.066  1.35 
2.699  1.66 
3.566 7 

34.200  19.80 
78.800  23.60 

PSSS > 20 (IF) 
nn = 115 

77.100 4 
399 M / 76 F 

4.744  0.62 

4.899  0.34 
4.155  1.28 
4.766  0.46 
4.255  0.66 

21.144  16.35 
65.633  20.80 

pp valu e 

p<0.01 1 
pp = 0.11 

p<0.01 1 

p<0.01 1 
p<0 .01 1 
p<0 .01 1 

p<0 .01 1 

p<0 .01 1 
p<0 .01 1 



Figur ee 1. Algorithm of the study, including reasons for violation of protocol and dropout 
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** Wrong interpretation of mobility, accommodation or ASA class, "|" Untraceable new address, 
refusall to complete follow-up and new ipsilateral hip trauma with acetabular fracture 

(1666 women, 58 men) were evaluable. IF after closed reduction (PSS > 20) was 

performedd in 115 patients and hemiarthroplasty (PSS < 20) in 109 patients. The PSS 

hadd a significant correlation with age (co-efficient 0.34, p < 0.001) as shown in figure 

2.. Each of the five PSS criteria was significantly lower in the HA group, shown in 

tablee 3 along with the basic patient characteristics in each group. Delay to surgery and 

operationn time was longer in HA patients. Operation details and implants are shown 

inn table 4. In the IF group, preferred fracture reduction was achieved in 86% of cases 

inn the AP view and in 84% of cases in the lateral view. The majority (72%) of fractures 

weree treated with Sliding Hip Screws (SHS). The compliance rate with the 

recommendationn to fixate fractures with an angle > 50° (Pauwels 3 type, 56% of IF 

group)) with a SHS was 70%. 



Figuree 2. Scatter plot of the correlation between PSS and age (r = 0.34, p < 0.001, n=224). 
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Tablee 4. Operation details 

PSSS < 20 (HA) n = 109 

Supinee position 
Laterall position 

Unipolarr head 
Bipolarr head 

PSSS > 20 (IF) n = 115 

Supinee position 

333 (30%) 
766 (70%) 
966 (88%) 
13(12%) ) 

115(100%) ) 

o o 
i-t t 
O O 
o o 
o o 
O O 

Fracturee angle: 
<30  (Pauwels 1) 
30  - 50  (Pauwels 2) 
>> 50  (Pauwels 3) 

100 ( 9%) 
400 (35%) 
655 (56%) 

Fracturee reduction in the AP view 
-- Garden index < 160
-- Garden index = 160

-- Garden index

16(14%) ) 
566 (49%) 
433 (37%) 

Fracturee reduction in the lateral view 
--  (180  = anatomic) 
-- < 170° or > 190° 

977 (84%) 
18(16%) ) 

Cannulatedd Screws (CS) 
Slidingg Hip Screw 
Slidingg Hip Screw with antirotational CS 

322 (28%) 
377 (32%) 
466 (40%) 



Minorr and major postoperative complications developed in 22 (19%) IF and in 31 

(28%,, p = 0.09) HA patients (table 5). Superficial infection was reported once in the 

IFF group and 4 times in the HA group. Deep infection and a thrombo-embolic event 

developedd in 1 patient in both treatment groups. 

Tablee 5. Outcome: revision rate, mortality, morbidity and Harris Hip Score 

11 year revision rate 
22 year revision rate 

11 year mortality 
22 year mortality 

Noo complications 
Minorr complications 
Majorr complications 

HHSS 8 weeks1 

HHSS 1 year1 

-pain n 
-function n 
HHSS 2 year1 

-pain n 
-function n 

HHSS 2 year - revised IF 

11 The Harris Hip Score 

PSSS < 20 (HA) 

n == 109 

33 (3%) 
33 (3%) 

355 (32%) 

555 (50%) 

788 (72%) 
200 (18%) 
111 (10%) 

. . 
72 2 
38 8 
25 5 
7 1 * * 
39 9 
25 5 

PSSS £ 20 (IF) 
nn = 115 

322 (28%) 
466 (40%) 

100 (9%) 
188 (16%) 

933 (81%) 
188 (16%) } 
44 ( 3%) 

64 4 

79 9 
39 9 
32 2 
79 9 
39 9 
33 3 

78* * 

iss expressed as a mean score. 

pp value 
[95%% Confidence Interval] 

p<0.011 [-0.40 to-0.14] 

p<0 .011 [0.26 to 0.48] 

pp = 0.09 [-1.95 to 0.07] 

pp = 0.02 [1.14to 14.77] 
p == 1.00 [-3.69 to 5.45] 
p<0.011 [3.54 to 11.16] 
p<0.011 [2.37 to 13.39] 
p == 1.00 [-2.96 to 3.36] 
p<0.011 [4.33 to 11.25] 

*pp = 0.04 [0.61-13.07] 

P SSS s c o r i ng a g r e e m e nt The following coefficients of concordance were 

calculatedd between the four raters: Physiologic Status Score 0.88, agreement on therapy 

0.92.. The concordance for the components of the PSS score were: mobility 0.61, 

accommodationn 0.55, cognition status 0.94, ASA class 0.83. A coëfficiënt above 0.7 is 

interpretedd as good, with 1 representing complete agreement. High concordance was 

foundd for therapy decision based on the PSS. 

O u t c o mee Two years after primary treatment revision had been performed in 46 

IFF patients (40%; 34% non-union, 6% avascular necrosis) and in 3 HA patients (3%) 

-- see table 5. Figure 3A illustrates the 2 year IF revision rate stratified by PSS group. 

Forr IF, the realized outcome of 40% [upper limit 95% CI: 0.48] was 5% above the 



meta-analysiss 35% revision rate and the expected outcome was not achieved. For HA, 

thee realized outcome of 3% [upper limit 95% CI: 0.06] was significandy below the 

meta-analysiss 16% revision rate and also below the expected outcome of 6%. 

Twenty-onee primary IF patients were revised to hemiarthroplasty and twenty-five to 

totall  hip arthroplasty. Four deep infections (9%) developed after revision to arthroplasty. 

Mortalityy after revision (11%) was similar to primary successful IF (16%, p = 0.53, 

95%% CI: -0.17 to 0.07). The 3 revisions in the HA group consisted of: prosthesis 

removall  due to deep infection, open trochanteric fixation for repeated prosthetic 

luxationn and conversion to total hip arthroplasty due to malpositioning of the prosthesis. 

One-yearr mortality rate in the IF group was 9% and 32% in the HA group (p < 0.01). 

Two-yearr mortality was 16% and 50% (p < 0.01) respectively (table 5). Figure 3b 

illustratess 1 and 2 year mortality stratified by PSS group. 

43 3 

Figuree 3a. Patients with a PSS > 20 points (IF) in relation to 2 year revision rate (n=115). 
Figuree 3b. PSS in relation to 1 and 2 year mortality (n = 224). 
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Ass a result of the PSS selection the Harris Hip Score (HHS) was significantly higher 

inn the primary successful IF group compared to HA (p = 0.02 and p < 0.01 respectively) 

att 1 and 2-year follow-up. The pain component of the HHS at 1 and 2 year follow-up 

betweenn successful IF and HA patients was similar (p = 1.00). A higher level of 

functionn in the successful IF group was the main reason for the difference in HHS 

afterr 1 and 2 years. 

Afterr revision of IF, the HHS at 2 year follow-up was higher than in the primary HA 

groupp (p < 0.01, 95% CI: 3.27 — 10.00). Again, the difference between the groups was 

inn level of function, not in pain. Compared to successful IF patients, failed IF patients 

hadd similar HHS (p = 0.96, 95% CI: -5.50 to 7.50), pain (p = 1.00, 95% CI: -3.43 to 

3.34)) and function (p = 0.72, 95% CI: -2.67 to 4.68). Figure 4 illustrates the mean 

Harriss Hip Score at 2 year follow-up stratified by PSS group. 

Figuree 4. Mean Harris Hip Score (HHS) at 2 year follow-up. Each bar represents total HHS 
andd is divided into mean Pain score and mean Function plus Range of Motion (ROM) 
score.. Error bars indicate Standard Error of the Mean (SEM) of the total HHS. HA = 
hemiarthroplasty,, IF = internal fixation, successful and failure (n = 151). 
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L o g i s t i cc R e g r e s s i on Binary Fogistic Regression was performed to determine 

associationn between the patient related variables of age, sex, mobility, pre-injury 

accommodation,, bone density, cognition, medical condition, therapy and the outcomes 

off  failure and mortality. Therapy, as determined by the PSS, was the only variable 

significantlyy associated with failure; failure was 12 times more likely in the IF group 



Tablee 6. Subanalysis of failure and technique in relation to age group in the PS5 > 20 
(internall fixation, IF) and PSS < 20 (hemiarthroplasty, HA) patient groups 

PSSS £ 20 

Age e 

60-79 9 
>80 0 
60-90 0 

PSSS < 20 

Age e 

60-79 9 
>80 0 
60-90 0 

- IF F 

n n 

70 0 

45 5 
115 5 

- H A A 

n n 

33 3 
76 6 

109 9 

Failure e 

255 (36%) 
211 (47%) 
466 (40%) 

Failure e 

11 (3%) 
22 (3%) 
33 (3%) 

Non-union n 

200 (29%) 
19(42%) ) 
399 (34%) 

Non-union n 

--

AVN* * 

55 (7%) 

22 (4%) 

77 (6%) 

AVN* * 

--

TF** * 

1 1 

4 4 

15 5 

TF** * 

0 0 
1 1 
1 1 

Failuree excluding TF** 

14/59(24%)/" " 

17/411 (41%) ƒ 

31/100(31%) ) 

Failuree excluding TF** 

1/755 (1%) 
2/108(2%) ) 

** Avascular Necrosis, ** Technical failure, t P = 0.03, [95 % CI: 0.04 to 0.40] 

[95%% CI: 1.3 — 112.67]. In both treatment groups, mortality was significantly associated 

withh a more dependent accommodation status: OR 1.4 [95% CI: 1.02-1.95] and higher 

ASAA class: OR 1.6 [95% CI: 0.99 -2.7]. 

Thee logistic and operative technique related variables of institution, delay to surgery, 

lengthh of operation, fracture reduction in the AP and lateral views, utilized implants 

andd post-operative complications (none, minor and major) were also subjected to 

Binaryy Logistic Regression to determine association with failure and mortality. Fracture 

reductionn in varus in the AP view was significandy associated with failure, OR 2.6 

[95%% CI: 1.3-5.3]. The presence of minor and major postoperative complications was 

twicee as likely to produce failure in both groups, OR 2.00 [95% CI: 1.05-3.70]. The 

logisticc and operative technique variables had no significant association with mortality. 

Sub-analysiss of Internal Fixation technique Both independent experts 
identifiedd inadequate operative technique on the radiographs of 15 IF patients (14%) 

off  whom 13 also experienced clinical failure, which was unknown to the experts 

duringg their analysis. Interobserver agreement on overall technique between the two 

experts,, expressed as the kappa statistic, was 0.65  0,10 indicating good agreement 
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accordingg to Altman. Technical rating was significantly correlated with clinical 

outcome:: Spearman's correlation co-efficient was 0.41 (p < 0.01). 



Excludingg these 15 patients with technical failures (TV), the 2 year revision rate in the 

IFF group decreased to 31 %, 24% for ages 60 - 79 and 41 % for ages 80 and above - see 

tablee 6. The realized outcome excluding TF of 31% [upper limit 95% CI: 0.39] was 

nott significantly below the meta-analysis 35% revision rate. In the subgroup of IF 

patientss aged 60-79 years (n = 59) the realized outcome of 24% [upper limit 95% CI: 

0.33]]  was below expected outcome and therefore significandy below the meta-analysis 

35%% revision rate. 

Theree was 1 technical failure in the HA group, as stated above. The realized outcome 

excludingg TF for HA decreased to 2% [upper limit 95% CI: 0.04], significandy below 

thee expected outcome of a 6% revision rate. 

Discussion n 
Thee previously published PSS treatment protocol results were not verified to realize a 

substantiall  decrease in revision rate in patients aged 60 to 90 years selected for internal 

fixationn (IF). The selected IF patients were able to tolerate revisional surgery without 

consequencess for mortality or functional outcome. The IF revision rate in these relatively 

healthyy and ambulatory patients was comparable to meta-analysis data. As claimed in 

thee original study, the use of the Physiologic Status Score treatment protocol did 

realizee a decrease in the revision rate of hemiarthroplasty (HA) for displaced femoral 

neckk fracture patients aged 60 to 90 years. Compared to meta-analysis data available at 

thee time of the sample size calculation the revision rate for HA was reduced from 

16%% to 3% after 2 years. 

Thee original PSS study outcomes among patients from 65 to 85 years old in 1994, 

showingg a 2% revision rate in the IF group and 5% in the HA group when adopting 

thee treatment protocol, could only be reproduced for the HA group in our current 

multi-centerr setting. In the same age range as the original study the present results 

showedd a 37% failure rate for IF and a 3% failure rate for HA. In view of the 50% 

mortalityy rate in the present study, the original study mortality of 14% after 21 months 

inn the HA group may be suggestive of selection bias. Another possible reasons for the 

differentt outcome is the use of exact DXA instead if the poorly reproducible Singh 

indexx for bone density measurement. The negative verification in the selected IF patient 

groupp emphasizes that the development of a decision-score should follow recognized 

guideliness and should be validated preferably in different centers. 

I tt remains uncertain whether the threshold of 20 points, as published in the original 

study,, was correct. Analysis of patients with PSS of 20 to 26 showed that the revision 



ratess (figure 3a) after IF in the present study would not have changed if the threshold 

hadd been set at a higher level, although the smaller number of patients in the stratified 

groupss are insufficient. The finding of decrease in age and mortality (figures 2 and 3b) 

inn the range of 19-21 points is suggestive of a threshold of higher physiologic status 
o o 

inn this range. Hemiarthroplasty has not been shown to influence mortality. Below 20 

points,, the PSS is associated with a high (50%) 2-year mortality. If patients with a PSS 

beloww 20 had been internally fixated, it is likely in theory that the IF revision rate for 

thesee patients, aged 82 years on average, would have been unacceptable and outweighs 

thee potential functional benefit gained from IF. A higher failure rate in the octogenarian 

IFF group was also reported by Barnes. The low revision rate and comparable morbidity 

supportt HA in the PSS < 20 group. 

Thee patient's age is adopted in many treatment algorithms for displaced femoral neck 

fracturess ' , but it often does not represent physiologic age properly. The PSS did 

havee a significant correlation with age, but the mean values of each of the five PSS 

scoree components were significantly different in the two treatment groups. Each 

componentt therefore appears valid. The factors of mobility, accommodation status, 

bonee density, cognition and past medical history have each been suggested to be 

associatedd with clinical outcome. Logistic regression in this current study refuted 

theirr separate association with outcome, but the combination of these 5 individual 

factorss into a single PSS, which determined therapy, was significant in the regression 

modell  (Wald statistic: 4.1). 

Reliablee pre-operative DXA scanning of patients with a displaced femoral neck fracture 

wass performed without additional personnel within the hospitals and did not delay 

treatment.. In our experience, patient discomfort was comparable to plain radiography 

off  the hip. Spine bone density alone was a reliable indicator if hip measurement is not 

possiblee (i.e. contralateral endoprosthesis). The correlation (r=0.44) of bone density 

off  the lumbar spine and the femoral neck was significant (p<0.001) in this study. 

Anotherr reason for performing DXA scans is compliance with clinical practice 

guideliness of the Dutch Health Care Quality Institute, which conform to United States 
211 22 guideliness and recommend DXA for all patients sustaining a hip fracture. ' In the 

casee of osteoporosis, treatment with bifosfonates, calcium and an exercise schedule 

aree evidence-based recommendations, which may help to prevent future fractures 
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fromm minor trauma. ' 

Rigidd attention to surgical technique and infection prevention measures are essential 

consideringg the potentially higher morbidity in HA patients. ' ' Adequate reduction 



andd fixation are of paramount importance to minimise revisions in IF patients. 

Complacencyy to rely more on implant than precise fracture reduction and implant 

positioningg has been shown to produce poor results. Logistic regression in this 

studyy revealed that fracture reduction in the AP view was a significant technical factor 

associatedd with failure, which is supported by the literature. ' In our current study, 

thee technical rating panel identified 13% technical failures even in supervised operations. 

Delegationn of IF for displaced femoral neck fractures to junior inexperienced staff 

cannott be justified as optimum management. The issue of IF technique is underrated 

inn published studies and meta-analyses. Rating of the pre-, intra- and postoperative 

radiographss may be inferior to rating operative technique during a theatre session, but 

thee significant correlation (r=0.44) of technical rating with clinical outcome appears 

too justify the method applied in this study. 

IFF with either cannulated cancellous screws or sliding hip screws (SHS) could be 

performedd according to the study protocol. This recommendation was based on a 

meta-analysiss pooling the data from 25 randomised studies incorporating 4.925 patients, 

whichh showed no significant difference between multiple (2-4 cannulated) screws and 

SHSS in relation to clinical outcome. 1 Although the present study protocol 

recommendedd a fixed-angle SHS device for fracture angles > 50 degrees (Pauwels 3 
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typee fracture), ' no significant difference in revision rate between SHS and 3 

cannulatedd screws in Pauwels 3 type fractures was found: 35% and 53% respectively 

(pp = 0.63). This finding concurred with meta-analysis results. We recommended 

usingg bone cement for endoprosthesis stem insertion based on Cochrane review data, 

whichh favoured cementing when regarding pain relief and functional outcome. 

Postoperativee complications were not significantly different in both groups. A trend 

towardss more major complications in the hemiarthroplasty group was found. No 

significantt difference between IF and arthroplasty was also found in a meta-analysis 

reportingg the incidence of pneumonia (Relative Risk, RR 0.85), thrombo-embolic 

eventss (RR 1.15), congestive heart failure (RR 0.89), stroke (RR 0.75) and pressure 

soress (RR 1.06). Only risk of deep infection (RR 3.85) was significantly higher in 

arthroplastyy patients. 

Too minimise the possible selection bias on admission, surgical residents in each 

participatingg hospital were instructed to phone about every potential study candidate 

patientt at presentation. In our experience, the availability of a mobile telephone number 

244 hours a day for discussion about patient inclusion helped to achieve the reported 

highh inclusion rate. 



Beforee designing this study, a Dutch questionnaire inquiring about indications for 

eitherr IF or HA showed a large variation. Therefore it would not be possible to design 

aa multi-center randomised study to compare the PSS strategy with current treatment 

ass no uniform current treatment existed. 

Thee PSS concept appears a useful guide, but the composition of the score and its 

implicationss require refinement. The addition of primary Total Hip Arthroplasty 

(THA)) as a treatment modality for suitable patients also requires further study. We 

hypothesizee that future studies should aim to either randomise by implant (IF vs HA vs 

THA)) within pre-selected groups, based on individual patient characteristics or randomise 

enoughh patients representative of all possible subgroups of patients. In the first design 

thee patient's condition is considered first; in the second design theree are enough patients 

enrolledd to compare the treatments within the subgroups of patient conditions. 

Inn summary, the PSS treatment protocol does not improve decision-making for femoral 

neckk fracture treatment in a substantial way. The PSS protocol does realize a very low 

riskk of HA revision within 2 years in more frail patients when compared to meta-

analysiss data. The PSS treatment protocol did not realize a decrease of IF revisions in 

moree healthy and ambulatory patients as previously reported. Revision of appropriate 

IFF is tolerated by active patients aged 60-79 years with a PSS > 20; in this group 

revisionn (risk of 1 in 4) does not affect mortality or functional outcome after 2 years. 

Abovee 80 years, even in high functional demand patients with a PSS > 20, IF cannot 

bee recommended as the revision risk is nearly 1 in 2. 
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Abstract t 
Meta-analysiss results show a 33% revision rate for internal fixation (IF) of displaced 

femorall  neck (DFN) fractures, mostly due to non-union. Osteopenia and osteoporosis 

aree highly prevalent in elderly patients. Bone density correlated with intrinsic stability 

off  fracture fixation in cadaveric and retrospective studies. We aimed to confirm or 

refutee this finding in a clinical setting. 

AA prospective, multi-center study of 111 active patients above 60 years with a DFN 

fracturee eligible for IF was performed. Bone density of the femoral neck was measured 

pre-operativelyy with gold standard Dual energy X-ray Absorptiometry (DXA). Patients 

weree divided into 2 groups: osteopenia (66%, mean T-score -1.6) and osteoporosis 

(34%,, mean T-score -3.0). Age (p=0.47), sex (p=0.67), delay to surgery (p=0.07), 

fracturee angle (p=0.33) and type of implant (p=0.48) were similar in both groups. 

Revisionn to arthroplasty was performed in 41% of osteopenic and 42% of osteoporotic 

patientss (p = 0.87); morbidity (p=0.60) and mortality were similar in both groups 

(p=0.65).. Clinical outcome of IF for DFN fractures does not depend on bone density. 

Pre-operativee DXA is not useful. 



Introduction n 
Thee displaced femoral neck (DFN) fracture is associated with osteoporosis. 

Osteoporosiss (defined as a bone density of more than 2.5 standard deviations below 

thee peak value) is prevalent in 16%-18% of women and 3%-6% of men in the United 

States.. Osteopenia (defined as a bone density between one and 2.5 standard deviations 

beloww the normal peak value) is prevalent in 37%-50% of women and 28%- 47% of 
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U.S.. men. Data from The Netherlands are similar. 

Inn vitro studies on cadaveric bone have found a correlation (r = 0.69 - 0.78) between 

bonee density and the intrinsic stability of fracture fixation. ~ Two retrospective cohort 

studiess without controls involving 139 and 47 patients, in whom internal fixation (IF) 

wass performed with multiple cancellous screws, also reported a relationship between 
1112 2 

bonee density and clinical outcome. ' In 1994 it has been suggested that bone 

densitometryy may aid in the selection of patients for IF. In daily clinical practice age, 

sex,, surgical fracture reduction and fixation technique, time to surgery, morbidity, type 

off  implant and angle of the fracture all warrant consideration when analysing the 

effectt of bone density. ' 

Theree are two types of operative treatment for DFN fractures: IF and arthroplasty. 

Threee meta-analyses on the treatment of displaced femoral neck fractures have 

identifiedd that sparing of the natural hip joint by IF leads to revision to arthroplasty in 

28%-36%% of patients. Less peri-operative morbidity and possibly lower early mortality, 
19*21 1 however,, favoured internal fixation over arthroplasty. * In active patients with a good 

lif ee expectancy IF may be appropriate as failure of IF can effectively be treated with 

arthroplasty. . 

Wee hypothesi2ed that active patients over 60 years with normal bone density or 

osteopeniaa would require less revisions to arthroplasty after IF of a DFN fracture 

comparedd to similar patients with osteoporosis. Therefore the aim of this prospective 

studyy was to analyse clinical outcome of IF in osteopenic and osteoporotic patients. 

Patientss and Methods 
D e s i gnn and inc lus ion Prospective, multi-center study and part of a larger study, 

whichh aimed to validate a Physiologic Status Score (PSS) treatmentt protocol for patients 

agedd 60-90 years with a DFN fracture. Mobility (1-5 points), accommodation status 

(1-55 points), bone density (1-6 points), cognitive (0-5 points) and medical condition 

(1-55 points) were quantified and united into a Physiologic Status Score (PSS, maximum 



266 points). Patients with a PSS > 20 points received IF. Patients with a PSS < 20 points 
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weree treated with hemiarthroplasty. For the purpose of this study, the group of patients 

receivingg IF was selected. Four academic and 6 non-academic teaching hospitals 

participatedd in the study. Patients presenting to the Emergency Department with a DFN 

fracturee were eligible for inclusion. The in- and exclusion criteria are listed in table 1. 

Basedd on the T-score of the pre-operative femoral neck DXA measurement of bone 

density,, patients were divided into two groups: those with osteopenia and osteoporosis. 

Uniformm case report forms (CRF) were distributed to all participating centers. Inclusion 

off  eligible patients was reported to the investigators by telephone and inclusion criteria 

weree checked. A designated telephone number was available for this purpose 24 hours 

aa day. The potential confounding variables of age, sex, time interval in hours from hip 

traumaa to surgery and postoperative complications were all recorded on the CRF. 

DXAA scanning of the uninjured hip and lumbar spine, fracture angle on plain X-ray 

Thee results of Dual energy X-ray Absorptiometry (DXA) scanning, the gold standard 

off  bone density measurement, were given as a Standard Deviation compared with the 

peakk value of an adult aged 20-30 years (T-score) and a Standard Deviation compared 

withh bone density of the same age group (Z-score) — see table 2. ' The contralateral 

uninjuredd femoral neck was measured for cortical bone density and representative 

lumbarr vertebrae 1 to 4 (fracturedd or impressed vertebrae were excluded) were measured 

forr cancellous bone density. Scanning duration was 10 minutes. The extra radiation of 

Tablee 1 . In- and exclusion criteria 

Inclusionn criteria: 
Agedd 60 years and above 

Displacedd intracapsular femoral neck fracture, no trochanteric fractures 
Physiologicc Status Score 3 20 points, defined as: 

Mobilee with no or one walking aid outside the home 
Livingg in own home, partial dependence on social services/relatives allowed 
AA mini-mental status score of 4 or 5 according to the assessment criteria in table 2 
Americann Society of Anaesthesiologist's (ASA) class 1 or 2 medical condition 

Exclusionn criteria: 

Undisplacedd femoral neck fractures 
Fracturess of the femoral neck older than 48 hours 

Patientss with advanced arthrosis of the ipsilateral hip joint who would normally be treated by 
totall hip replacement. The diagnostic signs on plain X-ray of this condition were: subchondral 
sclerosis,, narrowing of the articular cleft, formation of osteofytes and subchondral cyst formation 

Patientss with established reumathoid arthritis or showing signs of this disease on plain X-ray. 

Patientss with a pathological fracture or who sustained a spontaneous fracture after a 
comparativelyy minor trauma with signs of osteolysis at the fracture sight on plain X-ray. 



Tablee 2. Assessment of osteoporosis, cognition and medical condition 

OsteoporosisOsteoporosis assessment: Dual energy X-ray absorptiometry (DXA) scan.23 

Normall bone density or osteopenia: 
TT score: > -2.5 standard deviation, Z-score normal or abnormal for age 

Osteoporosis: : 
TT score: < -2.5 standard deviation, Z-score normal or abnormal for age 

CognitionCognition assessment3A (maximum score of 5 points derived by dividing test result, 
forr which 1 point is allocated for each correct answer, by 2) 

Agee (to within one year) 
Timee (to within one hour) 
Addresss to recall at end of test - eg 42 West street 
Year r 
Namee of hospital 
Recognitionn of two persons (doctor, nurse etc) 
Datee of birth 
Yearr of First World War 
Namee of present monarch 
Countt backward from 20 to 1 

MedicalMedical assessment35 

AA normal healthy patient: Class 1 
AA patient with mild systemic disease: Class 2 
AA patient who has severe systemic disease that is not incapacitating: Class 3 
AA patient who has incapacitating disease that is a constant threat to life: Class 4 
AA moribund patient, not expected to survive for 24 hours with or without surgery: Class 5 

2,00 microSievert (WHO classification group I) for the patient was considered minimal. 

Iff  the uninjured hip contained a prosthesis, the mean T-score and Z score of the 

lumbarr vertebrae 1 to 4 was used. All participating clinics were required to have an 

easilyy accessible facility to perform the pre-operative DXA scans. 

Thee fracture angle was measured intra-operatively on the image-intensified images in 

thee AP view, when the full length of the femoral neck was projected. The angle between 

thee horizontal line through the pelvis and the line between the superior and inferior 

pointss of the fracture was measured. The angle was divided into three categories 

accordingg to Pauwels: < 30 degrees (type 1), 30-50 degrees (type 2) and 

>> 50 degrees (type 3). ' 

Opera t i onn In all hospitals operations were supervised by staff surgeons with 

experiencee in IF for DFN fractures (i.e. operator or supervisor of at least 20 IF per 

year).. In the Anterior-Posterior image intensified view a reduction of the femoral 



Figuree 1 . Recommended positioning of a Compression Hip Screw in the Anterior-Posterior 
(AP)) and lateral views. In the AP view, the screw should be positioned on or below the line 
andd in the center or caudal half of the femoral head in the AP view. In the lateral view, the 
screww should be positioned in the central or slightly dorsal half of the femoral head. 

headd in 0-20 degrees of valgus, corresponding with a Garden Index of 160-180 degrees, 

wass recommended in the study protocol. In the lateral view the line between the 

centerr of the femoral head and long axis of the femoral shaft was recommended to be 

ass close as possible to 180 degrees. Retroversion of the femoral head up to 10 degrees 

andd anteversion up to 5 degrees was accepted. 

Cannulatedd cancellous bone screws or compression hip screws were recommended as 

implants.. The three point fixation principle for introduction of cannulated screws 

wass stated in the protocol of all 10 participating hospitals. Compression Hip Screw 

positioningg for steep fracture angles above 50° (Pauwels 3 type) according to figure 1 

wass recommended. 

W e i g h t - b e a r i n gg pOSt -Ope ra t i ve ly With the aid of physiotherapy, all patients 

weree encouraged to achieve full weight bearing of the operated hip as soon as possible. 

D a t aa c o l l e c t i on a nd f o l l o w - u p Case report forms (CRF) were completed on 

admission,, at operation and upon discharge. Follow-up was scheduled at 8 weeks, 1 

andd 2 years. At each follow-up interval the Harris Hip Score as a measure of functional 



outcomee was evaluated. (Harris) Plain radiographs in the AP and lateral views of the 

operatedd hip were also performed and assessed at each follow-up interval. 

E n dd po in t s Revision to arthroplasty and mortality. 

Sub-ana lys iss of t echn ique A panel of two independent experts was instituted 

forr blinded rating of fracture reduction and positioning of the implants. Digital images 

off  only the pre-, intra- and postoperative radiographs, with patient and institution 

namess removed, were presented to the panel. They were asked to rate fracture reduction 

andd internal fixation separately and then to rate overall technique. An adequate or 

inadequatee rating for technique, regardless of their opinion of likely clinical outcome, 

couldd be assigned. 

Bothh experts agreed on the specific aspects of fracture reduction and fixation listed 

above.. The experts were blinded to eachothers' findings. If both experts rated overall 

techniquee as inadequate, the case was considered a technical failure. 

Inst i tut iona ll  Rev iew Board The study protocol was submitted to the Institutional 

Revieww Board (IRB) of the Academic Medical Center, Amsterdam. The pre-operative 

bonee density measurement was considered to be within the limits of existing protocolled 

medicall  practice and permission was granted to proceed. The IRB's of all other 

participatingg hospitals were in agreement with this decision. 

Stat ist icall  m e t h o ds The database of this study was created in an SPSS, version 

11.55 (Statistical Package for Social Sciences Incorporated, Chicago IL , USA), 

spreadsheett format. The distribution of data was tested with a one-sample 

Kolmogorov-Smirnovv test. For normally distributed data, p-values and 95% Confidence 

Intervalss (CI) were calculated with an independent samples t-test. The two-sample 

Mann-Whitneyy test was used to calculate significance in abnormally distributed data. 

AA p-value below < 0.05 was considered significant. For non-parametric correlation 

thee Spearman rank co-efficient was calculated. 

Results s 
AA total of 126 patients eligible for IF were selected. Ten patients were excluded due to 

violationn of the study protocol (9) and untraceable new address (1). Four patients died 
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withinn 3 months before any follow-up had taken place. The bone density results of 

thesee 15 excluded patients was similar to the study group (T score femoral neck: -2.42 

vss -2.18, p = 0.37 and T score lumbar vertebrae: -1.93 vs -1.97, p = 0.87). 

Thiss left 111 evaluable patients (76 women, 35 men). The baseline characteristics of 

thee two patients groups are shown in table 3. Age, sex, delay to surgery, fracture angle 

andd type of implant were similar in both groups. In the subgroup of padents with 

Tablee 3. Baseline characteristics of patients with osteopenia and osteoporosis. 
BDD = Bone Density, SD = Standard Deviation 

Variable e 

n n 

Sex x 
Age e 
Timee to Surgery 

Implants s 
SHS* * 
SHSandd CSf 
CS S 

Fracturee angle 
<< 30 degrees 
30-500 degrees 
>> 50 degrees 

Anglee > 50 degrees 
SHSS + CS 
CS S 

Normall BD - Osteopenia 
T-scoree 0 to-2.5SD) 

73 3 
499 F, 24 M 

76.44 + 7.2 
20.22  13.2 hours 

244 (33%) 
299 (40%) 
200 (27%) 

5 (( 7%) 
266 (35%) 
422 (58%) 

288 (67%) 
14(33%) ) 

Osteoporosis s 
(T-scoree below - 2.5 SD) 

38 8 
277 F, 11 M 

77.55 8 
27.22  19.5 hours 

99 (24%) 

199 (50%) 
10(36%) ) 

5(13%) ) 
14(37%) ) 

19(50%) ) 

155 (79%) 
44 (21%) 

pp value 

0.67 7 
0.47 7 
0.07 7 

}0.48 8 

}0.33 3 

}0.55 5 

*Compressionn (Sliding) Hip Screw, jCannulated (cancellous) bone Screw 

rr = 0.44 
[95%% CI: 0.28-0.58] 

1 22 3 4 5 
T-scoree Femoral neck (- SD) 

Figuree 2. Correlation between 
thee bone density T-score of the 
firstt 4 lumbar vertebrae and the 
T-scoree of femoral neck (n = 64, 
Spearmann rank test; p < 0.001). 
Thee T-score is expressed as 
Standardd Deviation with a 
negativee value (- SD). 



steepp fracture angles > 50 degrees (Pauwels type 3) there was no difference in the 

proportionn of patients who received cancellous screws or a compression hip screw. 

Reliablee DXA results of the lumbar spine were obtained in 64 patients. In this group 

theree was a significant correlation (r = 0.44, figure 2) between the T-score of the 

femorall  neck (cortical bone density) and the mean T-score of the first 4 lumbar vertebrae 

(cancellouss bone density). 

Patientss with osteopenia (mean femoral neck T score -1.6) and with osteoporosis 

(meann femoral neck T score -3.4) had the same revision rate to arthroplasty (41% and 

42%% respectively, p = 0.87). Table 4A also shows the failure rates for each possible 

subgroupp of T and Z scores of the femoral neck and the first 4 lumbar vertebrae. 

Post-operativee complications and mortality were similar in both groups (table 4B). 

Osteopeniaa and osteoporosis did not affect functional outcome, expressed by the 

Harriss Hip Score, 8 weeks, 1 and 2 years in the 65 patients with successful! IF outcome 

Tablee 4a. Outcome: failure of Internal Fixation (IF) related to bone density of the femoral neck 
(nn = 111) and first 4 lumbar vertebrae (n = 64). T and Z scores expressed as means. Z-score < 1.0 
== normal for age, Z-score > 1.0 = abnormal for age. (SD = Standard Deviation). 

nn T Score Z score IF failure 

T-scoree femoral neck 
Osteopenia a 
Osteoporosis s 

Normall Bone Density (<1.0 SD*) 
Osteopeniaa (1.0-2.5 SD), Z-score < 1.0 
Osteopeniaa (1.0-2.5 SD), Z-score > 1.0 
Osteoporosiss {> 2.5 SD), Z-score < 1.0 
Osteoporosiss (> 2.5 SD), Z-score > 1.0 
Severee osteoporosis (>3.5 SD) 

T-scoree first 4 lumbar vertebrae 
Osteopenia a 
Osteoporosis s 

Normall Bone Density (<1.0 SD) 
Osteopeniaa (1.0-2.5 SD), Z-score < 1.0 
Osteopeniaa (1.0-2.5 SD), Z-score > 1.0 
Osteoporosiss (> 2.5 SD), Z-score < 1.0 
Osteoporosiss (> 2.5 SD), Z-score > 1.0 
Severee osteoporosis (>3.5 SD) 

73 3 
38 8 

8 8 
49 9 
16 6 
27 7 
9 9 
2 2 

47 7 
17 7 

14 4 
20 0 
13 3 
8 8 
4 4 
5 5 

-1.6 6 
-3.0 0 

-0.7 7 
-1.8 8 
-1.7 7 
-3.0 0 
-2.9 9 
-4.2 2 

-1.4 4 
-3.4 4 

-0.5 5 
-1.8 8 
-1.8 8 
-2.9 9 
-3.0 0 

-4.6 6 

0.6 6 
1.0 0 

0.9 9 
0.5 5 
1.9 9 
0.8 8 
1.6 6 
1.7 7 

1.0 0 
1.3 3 

1.2 2 
0.5 5 
1.9 9 
0.6 6 
1.5 5 
2.9 9 

29(41%) ) 

166 (42%)t 

33 (38%) 
19(39%) ) 
88 (50%) 
13(48%) ) 
11 (11%) 
2(100%) ) 

211 (45%) 
66 (35%)t 

55 (36%) 
10(50%) ) 
66 (46%) 
33 (38%) 
11 (25%) 

22 (40%) 

tt p = 0.87;  p - 0 . 5 1 
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Tablee 4b. Outcome: failure of Internal Fixation related to bone density of the femoral neck. 

(BDD = Bone Density; SD = Standard Deviation). 

Variablee Normal BD - Osteopenia Osteoporosis p value 
(T-score:: 0 to - 2.5 SD) (T-score: below - 2.S SD) 

nn 73 38 

Postoperativee complications 
Nonee 57 (78%) 32 (84%) 
Minorr 15(21%) 4 (11%) } 0.60 
Majorss 1 ( 1 % ) 2 ( 5%) 

Mortalityy 6 ( 8%) 6 (16%) 0.65 

XX Congestive heart failure, pulmonary embolus, stroke, deep wound infection 

Tablee 4c. Outcome: Bone density in relation to function, expressed as the mean Harris Hip Score 

(HHS),, after successful! Internal Fixation (n = 65). 

n n 

HHSS after 8 weeks 
HHSS after 1 year 

HHSS after 2 years 

Osteopenia a 

43 3 

677 + 20 
79++ 18 
811 + 13 

Osteoporosis s 

22 2 

611 0 
755  18 
7 4 + 1 9 9 

pp value 

0.22 2 
0.50 0 
0.21 1 

(tablee 4C). 

Thee subanalysis of technical performance by two blinded experts identified inadequate 

overalll  IF technique in 15 patients, of whom 13 underwent revision during subsequent 

follow-up.. The interobserver agreement between the two experts on overall technique, 

expressedd as the kappa statistic, was 0.65  0.10, indicating good interobserver 

agreement.. Overall technical rating was also significantly correlated with clinical 

outcomee (Spearman rank correlation co-efficient was 0.404, p < 0.001). Omitt ing 

thesee 15 cases, failure of IF occured in 23 patients with osteopenia (36%) and 10 

patientss with osteoporosis (31%, p = 0.76). 

Discussion n 
Thiss clinical study, including a subanalysis of technique, could not confirm claims 

fromm previous studies that bone density may be a useful predictor of clinical outcome 

orr is associated with intrinsic stability of D FN fracture fixation. ' " No effect on 

fracturee healing at 2-year follow-up was found. This study represents level 2 (therapeutic) 



evidence;; non-randomised prospective design with a concurrent control group. 

Itt is possible that higher bone density results in more stable intrinsic fixation initially, 

butt this cannot be properly analysed in vivo. Although correlations between bone 

densityy and IF stability in cadaveric femur loading studies using paired femurs were 

significant,, the number of specimens were probably too few and the correlations too 

loww for the results to apply clinically. ' ' ' Holding power of screws within the femoral 

headd has been studied with pull-out tests. ' ' However, only shearing and compressive 

forcess act on an IF device, leading to cutting out or perforation of the device rather 

thann pulling out. The clinical relevance of pull-out tests is therefore unclear. ' In a 

largerr in vitro study of 48 paired femurs only bone density (Densiscan machine 

measurement)) and femoral head size had a significant influence on cut-out holding 

powerr of the screw device. Based on this finding Jenny also suggested a clinical 

prospectivee study to determine the importance of bone density for the success of IF. 

Ourr clinical prospective study refutes Sjostedt's suggestion to perform arthroplasty in 

patientss with a bone density less than 0.4 g/cm as IF could not be expected to hold 

beloww this level in vitro. In a clinical retrospective study Spangler calculated a risk of 

7.88 of IF failure within 12 months if the diagnosis of osteoporosis was present in the 
12 2 patient'ss history. Whether bone density was initially measured by gold standard method 

orr otherwise in the latter study remains unclear. 

Thee statement that a DFN fracture is a hallmark of osteoporosis appears partially 

true.. Osteopenia, rather than osteoporosis, was most prevalent (66% vs 34% 

respectively)) in our selected patient group. Reliable pre-operative DXA scanning of 

patientss with an unstable DFN fracture was performed without additional hospital 

resources.. In our experience, patient discomfort was comparable to plain radiography 

off  the hip. Since the bone density of the first 4 lumbar vertebrae correlated well with 

thee bone density of the femoral neck, lumbar spine measurement alone can suffice if 

hipp measurement is not possible (i.e. endoprosthesis, severe patient discomfort). 

Anotherr reason for performing DXA scans are Dutch guidelines, which conform to 

Unitedd States guidelines and recommend DXA for all patients sustaining a hip 
33 29 

fracture.. ' In the case of osteoporosis, treatment with bifosfonates, calcium and an 

exercisee schedule are evidence-based recommendations, which may help to prevent 

futuree fractures from minor trauma.'' If left untreated, it is estimated that more 

thann 50% of Caucasian women will sustain an osteoporotic fragility fracture in their 
ii  i n 

lifetime.. ' A personal history of osteoporosis and a hip fracture has been shown to 



resultt in an 11% chance of a second contralateral hip fracture. We have shown that 

pre-operativee DXA scanning is not necessary for treatment selection in DFN patients, 

butt DXA should be performed post-operatively. 

Thee selected patients eligible for IF in this study constituted one treatment arm of a 

largerr study, which aimed to validate a Physiologic Status Score treatment protocol. In 

thee other arm of this study, patients with a lower physiologic status were included (i.e. 

lesserr mobility, more dependent accommodation, lower level of cognitive and medical 

condition)) and were treated with hemiarthroplasty (HA). Osteopenia of the femoral 

neckk and lumbar spine in the HA patients was present in 34% and 57% and osteoporosis 

inn 66% and 43% of patients respectively (data not shown). The mean T-score of the 

femorall  neck was -2.3  0.7 in the study group of IF patients and -3.0  1.0 in the HA 

armm of the PSS study (p < 0.01). Bone density of the first 4 lumbar vertebrae was 

similarr in IF and HA arms of the PSS study (p = 0.88). Because of the significant 

differencee in femoral neck bone density between patients in the two arms of the 

largerr study, our results only apply to the relatively selected group of ambulatory 

patientss with good mental and physical health. 

Malreductionn and -fixation are known risk factors for avascular necrosis of the femoral 

headd and failure of IF. ' ' The technical rating panel identified 13% technical errors 

inn this study, in which supervision of an experienced staff surgeon was mandatory. 

Excludingg technical failures, the revision rates decreased, but remained similar, in both 

thee osteopenia and osteoporosis patient groups. Precise surgical technique is paramount 

andd complacency to rely on the type of implant has been shown to produce poor results 

andd delegation of IF for DFN fractures to junior or inexperienced staff cannot be 

justified.. Comminution of the DFN fracture was a variable that was not analysed in 

thiss study. Since all fractures are comminuted to different extents, this was a variable, 

whichh was difficult to measure and quantify by the technical panel. 

Eitherr cannulated cancellous bone screws or sliding hip screws could be used for IF. 

Thiss recommendation in the study protocol was based on a meta-analysis pooling the 

dataa from 25 randomised studies totalling 4.925 patients. No significant difference in 
18 8 

clinicall  outcome between 2-4 cannulated screws and sliding hip screws was found. 

Bothh types of implant were distributed similarly in the osteopenic and osteoporotic 

patientt groups, which minimizes any effect of implant related bias. Our results were 
11 ft 

inn line with meta-analysis results : the clinical failure rate of patients treated with 3 

cannulatedd screws was 48% and 38% for those with a compression hip screw (p = 

0.32).. Clinical failure of cannulated screws versus a fixed-angle compression hip screw 



forr steep fracture angles > 50° (Pauwels type 3) was not significantly different (47% vs 

42%,, p = 0.75). 

Inn conclusion, active patients over 60 years old with osteopenia or osteoporosis have 

similarr clinical failure rates of appropriate IF for DFN fractures. Pre-operative 

measurementt of bone density to select eligible patients for IF therefore does not 

appearr useful. A randomised study between IF and arthroplasty in both osteopenic 

andd osteoporotic patient groups, evaluated with gold standard DXA scanning, will 

providee better evidence for any optimal treatment with regard to bone density. 

Acknow ledgemen tss This study was financially supported by the AO research fund. 

Technicall  rating panel: Professor R.K. Marti PhD and Professor A.B. van Vugt PhD. 

References s 
1.. Gardner MJ, Flik KR, Mooar PK, Lane JM. Improvement in the undertreatment of osteoporosis 

followingg hip fracture. J Bone Joint Surg Am. 2002;84A: 1342-8. 
2.. Looker AC, Johnson CC Jr, Wahner HW, Dunn WL, Calvo MS, Harris TB, Heyse SP, Lindsay 

RL.. Prevalence of low femoral bone density in older U.S. women from NHANES III. J Bone 
Minerr Res. 1995;10:796-802. 

3.. Kwaliteitsinstituut voor de Gezondheidszorg CBO. Osteoporose: tweede herziene richtlijn. 
Alphenn a/d Rijn: Van Zuiden Communications BV, 2002. 

4.. Swiontkowski MF, Harrington RM, Keller TS, Van Patten PK. Torsion and bending analysts 
off internal fixation tachniques for femoral neck fractures: the role of implant design and bone 
density.. J Orthop Res. 1987;5:433-44. 

5.. Smith MD, Cody DD, Goldstein SA, Cooperman AM, Matthews LS, Flynn MJ. Proximal 
femorall bone density and its correlation to fracture load and hip-screw penetration load. Clin 
Orthop.. 1992;283:244-51. 

6.. Sjostedt A, Zetterberg C, Hansson T, Hult E, Ekstrom L. Bone mineral content and fixation 
strengthh of femoral neck fractures. Acta Orthop Scand. 1994;65:161-5. 

7.. Levi N, Ingles A, Klyver H, Iversen BF. Fracture of the femoral neck: optimal screw position 
andd bone density determined by computer tomography. Injury 1996;27:287-9. 

8.. Jenny J, Rapp E, Cordey J. Type of screw does not influence holding power in the femoral 
head.. Acta Orthop Scand. 1999;70:435-8. 

9.. Clark Dl, Crofts CE, Saleh M. Femoral neck fracture fixation. Comparison of a sliding screw 
withh lag screws. J Bone Joint Surg Br. 1990;72:797-800. 

10.. Stromsoe K, Kok WL, Hoiseth A, Alho A. Holding power of the 4.5 mm AO/ASIF cortex 
screww in cortical bone in relation to bone mineral. Injury 1993;24:656-9. 

11.. Weinrobe M, Stankewich CJ, Mueller B, Tencer AF. Predicting the mechanical outcome of 
femorall neck fractures fixed with cancellous bone screws: an in vivo study. J Orthop Trauma 
1998;12:27-36. . 

12.. Spangler L, Cummings P, Tencer AF, Mueller BA, Mock C. Biomechanical factors and failure 
off transcervical repair. Injury 2001;32:223-8. 

13.. Sochart DH. Poor results following internal fixation for displaced subcapital femoral fractures: 
complacencyy in fracture reduction. Arch Orthop Trauma Surg. 1998; 117:379-82 

14.. Parker MJ, Khan RJK, Crawford J, Pryor GA. Hemiarthroplasty versus internal fixation for 
displacedd intracapsular hip fractures in the elderly. J Bone Joint Surg Br. 2002;84:1150-5 

15.. Raaymakers ELFB, Schafroth M. The femoral neck fracture. Controversies in treatment. 
Unfallchirurgg 2002; 105:178-86. 



16.. Baitner AC, Maurer SG, Hickey DG, Jazrawi LM, Kummer FJ, Jamal J, Goldman S, Koval 
KJ.. Vertical shear fractures of the femoral neck. A biomechanical study. Clin Orthop. 
1999;367:300-5. . 

17.. Hammer AJ. Non-union of subcapital femoral neck fractures. Orthop Trauma 1992;6:73-7 
18.. Parker MJ, Blundell C. Choice of implant for internal fixation of femoral neck fractures. Acta 

Orthopp Scand. 1998; 69: 138-43. 
19.. Lu Yao GL, Keller RB, Littenberg B et al. Outcomes after displaced fractures of the femoral 

neck.. A meta-analysis of 106 published reports. J Bone Joint Surg Am. 1994;76:15-25. 
20.. Masson M, Parker MJ, Fleischer 5. Internal fixation versus arthroplasty for intracapsular 

proximall femoral fractures in adults (Cochrane Review). In: The Cochrane Library, issue 4. 
Chichester,, UK: John Wiley & sons, ltd, 2003. 

21.. Bhandari M, Devereaux PJ, Swiontkowski MF, Tornetta P, Obremsky W, Koval KJ, Nork 
S,, Sprague S, Schemitsch EH, Guyatt GH. Internal fixation compared with arthroplasty for 
displacedd fractures of the femoral neck - a meta-analysis. J Bone Joint Surg Am. 2003;85:1673-

644 81. 
22.. Heetveld MJ, Raaymakers ELFB, Luitse JSK et al. Validity of a Physiologic Status Score 

treatmentt protocol. Proceedings annual meeting Orthopaedic Trauma Association of America, 
Ft.. Lauderdale, USA, Oktober 10, 2004. 

23.. WHO study group. Assessment of risk fracture and its application to screening for 
postmenopausall women. WHO technical reports series. Geneva: WHO, 1994. 

24.. Pauwels F. The femoral neck fracture. A mechanical problem. Beilageheft zur Zeitschrift Fur 
Orthopp Chir Bnd 63. Stuttgart: Enke, 1935 

25.. Bosch U, Schreiber T, Krettek C. Reduction and fixation of intracapsular fractures of the 
proximall femur. Clin Orthop. 2002;399:59-71. 

26.. The Journal of Bone and Joint Surgery Am. website. Levels of evidence forr primary research 
questions,, http://www.ejbjs.org/misc/public/instrux.shtml [cited 2 June 2004]. 

27.. Larsson S, Elloy M. Holding power impaired in rheumatoid femoral heads. Cadaveric study of 
fracturee fixation devices. Acta Orthop Scand. 1990;61:502-6. 

28.. Benterud JG, Husby T, Graadahl O, Alho A. Implant holding power of the femoral head. A 
cadaverr study of fracture screws. Acta Orthop Scand. 1992;63:47-9. 

29.. National Osteoporosis Foundation. Physicians' guide to prevention and treatment of 
osteoporosis.. Washington, DC: National Osteoporosis Foundation, 1998. 

30.. Ross PD. Osteoporosis. Frequency, consequences and risk factors. Arch Intern Med. 
1996;156:1399-411. . 

31.. Boston DA. Bilateral fractures of the femoral neck. Injury 1982;14;207-10. 
32.. Garden RS. Malreduction and avascular necrosis in subcapital fractures of the femur. J Bone 

Jointt Surg Br. 1971;53:183-97. 
33.. Alberts KA, Jervaeus J. Factors predisposing to healing complications after internal fixation 

off femoral neck fracture. A stepwise logistic regression analysis. Clin Orthop. 1990;257:129-
33. . 

34.. Hodkinson HM. Evaluation of a mental test score for assessment of mental impairment in the 
elderly.. Age Ageing 1972;1:233-8. 

35.. American Society of Anesthesists. New classification of physical status. Anesthesiology 
1963;24:111. . 

http://www.ejbjs.org/misc/public/instrux.shtml


C h a p t e r r 

Observerr assessment of femoral neck radiographs 
afterr reduction and DHS fixation 

AA prospective, multi-center study of 111 active elderly patients 

MJ.. Heetveld, E.L.F.B. Raaymakers, A.D.P. van Walsum, 
D.P.. Barei, E.Ph. Steller 

Archivess of Orthopaedic and Trauma Surgery 2005;125:160-5 



Abstract t 
Introduction:Introduction: When discussing postoperative radiographs of reduced and internally fixated 

displacedd intracapsular femoral neck fractures with the Dynamic Hip Screw (DHS) at 

teachingg or evaluation sessions in daily practice, different opinions frequently exist 

aboutt correct technique. We hypothesize that the interpretation of described methods 

inn the literature for correct reduction and DHS fixation of displaced intracapsular 

femorall  neck fractures may be subject to differences between observers. The width of 

thesee differences has not yet been reported. 

Thee aim of this study was to assess inter- and intraobserver agreement of technique, 

basedd on the described methods in the literature, in a simulated daily practice 

environment. . 

Methods:Methods: The postoperative Anterior-Posterior (AP) and lateral radiographs of 35 

randomlyy selected patients aged 60-90 years were rated twice, 2 months apart, by six 

surgicall  observers from three institutions with similar views on reduction and DHS 

fixationfixation for this fracture type. The radiographs were of sufficient quality for proper 

assessment.. Criteria for reduction and fixation could be rated either adequate or 

inadequate.. An adequate rating was assigned if in the observer's opinion, regardless 

off  likely outcome, technical perfection according to described methods had been 

achieved.. The kappa statistic was calculated as a measure of agreement. 

Results:Results: Fracture reduction in the anterior-posterior view approached a good kappa 

valuee (0.54). Poor to moderate interobserver agreement was found for fracture reduction 

inn the lateral view and aspects of DHS fixation (kappa: 0.10-0.36). Intraobserver 

agreementt was good in five out of six observers for reduction and DHS fixation 

aspectss (kappa: 0.51-0.81). 

Conclusion:Conclusion: During routine practice 6 surgical observers can nearly agree on adequate 

fracturee reduction in the AP view, but do not agree on adequate reduction in the 

laterall  view and adequate DHS fixation on the postoperative radiographs of displaced 

intracapsularr femoral neck fractures. 



Introduction n 
Whenn the choice is made to treat a displaced femoral neck fracture with internal 

fixation,, there are two essential technical prerequisites to fracture healing: adequate 

reductionn and adequate internal fixation. ' ' ' In closed reduction and fixation 

bothh these aspects are determined by the surgeon intraoperatively using image 

intensification. . 

Beforee internal fixation, adequate reduction of displaced fractures of the femoral 

neckk must take place. Inadequate reduction is a major risk factor for avascular necrosis 

andd unstable fixation. ' After proper reduction, the Garden Index on the 

intraoperativee image intensified Anterior-Posterior (AP) view should be between 160 

andd 180 degrees [10], which corresponds with a CCD (Caput-Collum-Diaphysis) angle 

betweenn 130 and 150 degrees. Valgus reduction of the femoral head on the AP view is 

acceptablee up to 20 degrees. Any degree of varus reduction of the femoral head on 

thee AP view is unacceptable. ' In the lateral view the alignment of the femoral head 

too the shaft should be as close as possible to 180 degrees, with 10 degrees retroversion 

beingg acceptable. ' ' 

Thee Dynamic Hip Screw (DHS, Synthes, Bettlach, Switzerland) is one of many possible 

implantss when performing internal fixation for displaced femoral neck fractures. In 

ourr hospital the fixed-angle DHS is preferred if the fracture line is steeper than 50 

degreess (Pauwels 3 type fracture), measured intraoperatively with fluoroscopy. Correct 

insertionn the screw of the DHS for fractures of the femoral neck relies on the three-

pointt fixation method described for cannulated screws: the screw should be inserted 

overr the inferior calcar and in the lower half of the reduced femoral head. Following 

platee attachment the first point of fixation is the inherent fixed—angle of the DHS, the 

secondd point is the inferior calcar of the collum femoris and the third point lies within 

thee femoral head. ' ' ' ' On the lateral view the screw should be positioned in the 

center,, or slightly in the dorsal part, of the femoral head and through the central part 

off  the femoral neck. 

Reductionn and fixation aspects of displaced femoral neck fractures on postoperative 

radiographss are a frequent source of discussion amongst surgeons and their residents 

duringg teaching or evaluation sessions in routine clinical practice. Although the described 

methodss of correct reduction and DHS fixation of displaced femoral neck fractures 

aree clearly described in the literature, they may be subject to difference in observer 

agreement.. The width of this possible difference in observer agreement has not been 

reportedd and would be useful to know during teaching sessions in daily practice. 



Thee main aim of this study was to assess the intra- and interobserver agreement in 

routinee clinical practice on reduction and DHS fixation aspects of displaced 

intracapsularr femoral neck fractures. 

Patientss and methods 
Wee randomly selected 35 patients between 60 and 90 years of age with displaced 

intracapsularr fractures of the femoral neck that were being analysed in a larger multi-

centerr study in the Netherlands. Patients were treated in three institutions (MST, AMC 

andd SLH) with experience in DHS and cannulated screw fixation of displaced femoral 

neckk fractures. The fractures selected for this study were reduced in a closed way and 

internallyy fixated with a DHS. 

O b s e r v e rss The observers group consisted of a staff general surgeon with trauma/ 

orthopaedicc surgery as a subspecialty and an orthopaedic resident from the same 

institutionn and four staff orthopaedic surgeons from two other institutions. All the 

surgicall  observers had experience with sliding hip screw placement for displaced 

fracturess of the femoral neck and uniformly understood the described methods in the 

literature. . 

Too omit the confounding factor of personal preference, it was checked that all observers 

preferredd femoral head reduction in 0-20 degrees of valgus on the AP view and 

preferredd the head-shaft alignment to be close to 180 degrees on the lateral view. ' ' ' 

Thee described insertion method of the screw of the DHSS over the inferior calcar and 

intoo the lower part of the femoral head was also incorporated into the routine practice 

off  all 6 surgical observers. ' 

Too simulate routine clinical practice, detailed instructions for reduction and fixation 

usingg exact measurements between pre-determined reference points were omitted on 

purpose,, as these measurements are not performed routinely. 

Eachh observer received a list of criteria, as shown in the first column of table 1. Any 

unclearr issues about the list of criteria were resolved before the rating sessions started. 

Thee observers were only shown the postoperative radiographs, which were taken on 

thee first postoperative day before weight-bearing. 

Rat i n gg sess ions The quality of the AP and lateral postoperative hip radiographs was 

representativee of those available in daily hospital routine. All 35 pairs of radiographs were 

judgedd to be clear enough for rating by all observers. Each observer then proceeded to rate 



reductionn and fixation criteria as either adequate or inadequate in the separate views. At the 

endd of the criteria list, overall opinion of fracture reduction and DHS fixation in both 

viewss was rated. A rating of adequate was assigned if in the observer's opinion the technical 

perfectionn according to described methods in the literature had been achieved for a particular 

criterium,, regardless of likelihood of clinical success or failure. 

Eachh observer independentiy reviewed the radiographs of all 35 patients, with the 

identificationn labels covered and numbered in random order, once in the first session. 

Ass much time as needed for accurate assessment was provided. No feedback was 

givenn after this first session and observers from the same clinic were blinded to 

eachothers'' findings. 

Forr intraobserver variance the radiographs were reorganized and each observer 

performedd the same rating session again 2 months later. 

Stat is t icss Statistical analysis was done by calculating the kappa values using SPSS 

statisticall  software for intraobserver agreement. For interobserver agreement a multiple 

raterr formula for calculating the kappa value between more than two observers as 

describedd by Fleiss was used. The result of this formula correlates with the average 

kappaa value of each possible observer combination. 

Thee kappa value was interpreted by Altman to represent the "chance corrected 

proportionall  agreement" and can vary from — 1 (complete disagreement) through 0 

(agreementt no better than chance) to +1 (complete agreement) [1]. No guidelines 

existt as to which level of agreement is acceptable. Altman after Landis and Koch 

recommendss a kappa value of above 0.60 as good and above 0.80 as very good. ' 

Thee kappa value is sensitive to an extreme distribution of the two-by-two table, as the 

calculationn produces a lower than expected kappa value. If the distribution is extreme, 

Altmann recommends showing the two-by-two table for better interpretation. No clear 

guideliness could be found regarding minimum number of ratings for proper kappa 

calculation.. In this study, 70 ratings per criterium were performed between each possible 

pairr of 6 observers. This number of ratings is sufficient for kappa calculation, given 

thatt no extreme distributions in the two-by-two tables were found. 

Results s 
Eachh observer fully completed the criteria lists of all 35 AP and lateral radiographs 

withoutt disturbance and fully blinded to the rating sessions of other observers. This 

wass performed once in the first and once in second rating sessions. 
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In t raobserveff  a g r e e m e nt The intraobserver kappa values of the 6 observers 

forr fracture reduction and DHS fixation methods are shown in table 1. 

Thee average intraobserver kappa values shown in the middle column of table 2 vary 

fromm 0.48 to 0.77, indicating moderate to good intraobserver agreement according to 

Altman.. Number 3 observer was noted to have disproportional low kappa values for 

nearlyy all criteria. Average intraobserver kappa values were recalculated omitting the 

ratingss of this observer. This is shown in the last column of table 2, in which average 

intraobserverr kappa values improved for all criteria. 

Tablee 1. Observer criteria and intraobserver agreement of each observer, expressed by the 

kappaa statistic. 

Criteriumm Kappa value 

Observer r 
11 2 3 4 5 6 

InIn the Anterior-Posterior view: 

Fracturee reduction 0.44 0.82 0.55 0.72 0.81 0.77 
DHSS placement over the calcar 1.0 0.64 0.56 0.74 0.65 1.0 
DHSS position within the femoral head 0.35 0.72 0.46 0.51 0.73 0.40 
Distancee of screw tip to the apex 0.32 0.63 0.31 0.57 0.63 0.44 

InIn the lateral view: 
Fracturee reduction 1.0 0.77 0.43 0.63 0.50 0.36 
Screww position in the femoral head 0.62 0.64 0.53 0.52 0.65 0.59 

OverallOverall opinion: 
Fracturee reduction 0.64 0.74 0.18 0.61 0.62 0.68 
Positioningg of DHS 0.75 0.63 0.08 0.58 0.62 0.28 

I t l terobserverr  a g r e e m e nt In table 3 kappa values for all criteria of fracture 

reductionn and DHS fixation in separate and both the AP and lateral views were below 

0.60.. This indicated poor to moderate interobserver agreement according to Altman. 

Whenn omitting the rating of observer number 3, who had disproportional low 

intraobserverr agreement, kappa values improved, but not above 0.60, for fracture 

reductionn and DHS fixation in both AP and lateral views (table 3, last column). Only 

fracturee reduction in the AP view approached a good kappa value (0.54  0.09). 

Figuress 1 and 2 show characteristics of radiographs in which good interobserver 

agreementt was found and figures 3 and 4 bear characteristics of radiographs for which 

poorr interobserver agreement was found. 



Tablee 2. Observer criteria and the average (AVG) intraobserver agreement of the 6 observers, 
expressedd by the kappa statistic. 

Criterium m Kappaa value 

InIn the Anterior-Posterior view: 
Fracturee reduction 
DHSS placement over the calcar 
DHSS position within the femoral head 
Distancee of screw tip to the apex 

AVG G 

0.699 0 
0.777 1 
0.533 7 
0.488  0.08 

AVGG * 

0.711 8 
0.811  0.07 
0.544 + 0.14 
0.511 8 

InIn the lateral view: 
Fracturee reduction 
Screww position in the femoral head 

OverallOverall opinion: 
Fracturee reduction 
Positioningg of DHS 

0.622 2 
0.599 2 

0.588 1 
0.499 2 

0.655 0 
0.600 + 0.12 

0.666 0 
0.577 1 

Averagee kappa value omitting the rating of observer 3 

Tablee 3. Observer criteria and interobserver agreement between 6 observers, expressed by 
thee kappa statistic according to Fleiss [8]. 

Criterium m Kappaa value Adjusted Kappa value" 

InIn the Anterior-Posterior view: 

Fracturee reduction 0.45 + 0.12 
DHSS placement over the calcar 0.11 +0.14 
DHSS position within the femoral head 0.28 + 0.18 
DistanceDistance of screw tip to the femoral head apex 0.38 1 

InIn the lateral view: 
Fracturee reduction 
Screww position in the femoral head 

OverallOverall opinion: 
Fracturee reduction 
Positioningg of DHS 

0.222 6 
0.199 8 

0.388 1 
3 3 

0.544 + 0.09 
0.100 + 0.10 
0.300 + 0.15 
0.366 1 

0.355 4 
0.199 8 

0.466 0 
0.288 2 

** Kappa value omitting the rating of observer 3 with poor intraobserver reliability (table 1) 
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Figuree 1. AP postoperative radiograph; all 
observerss agreed on inadequate reduction. 

Figuree 2a and 2b. AP and lateral postoperative radiographs; all observers agreed on both 
adequatee reduction and DHS fixation. 

Discussion n 
Duringg closed reduction and DHS fixation of displaced femoral neck fractures, the 

surgeonn interprets the described methods of technique in the literature subjectively 

usingg image intensification. No exact measurements are routinely performed. The 



Figuree 3. AP postoperative radiograph; 2 out Figure 4. AP postoperative radiograph; 4 out 
off 6 observers agreed on inadequate of 6 observers agreed on inadequate DHS 
reductionn and 4 out of 6 observers agreed fixation, 
onn inadequate DHS fixation. 

3 3 n n r> > 
577--

objectivee result is the postoperative radiograph. A radiologist was not included in the g 
fe fe 

observerss group as decision-making about correct application of reduction and fixation £ 
JU U 

methodss is performed intraoperatively by surgeons. "g-

Too increase stability and reduce risk of avascular necrosis, the principle of femoral head 

reductionn in valgus in the AP view has been known for well over thirty years. > » ' » » • • 

Comparedd to the other criteria of reduction and fixation, a relatively high kappa value 

off 0.54 for this particular criterium was found. In Bjorgul's study of interobserver 

agreementt of radiographic signs predicting healing disturbance, a similar kappa value of 

0.533 was found for the varus/valgus aspect of reduction. The latter study also showed 

thatt comminution of the calcar and small size of the femoral head, suggested to be 

predictivee factors of healing failure, had low interobserver agreement. 

Inn the lateral view, the near 180 degree alignment of the head to the femoral shaft is 

ann accepted reduction principle. However, the available trauma and radiology literature 

iss deficient in defining correct implant positioning in the femoral head in this view. 

Thiss may clarify the poor interobserver agreement in this study. 

Biomechanically,, sliding hip screws maintained a significant high peak force during 

cyclicc loading compared to cannulated screws. This supports fixing steep, Pauwels 3 

type,, fractures with a fixed-angle implant, such as the DHS. However, randomized 



studiess with higher level of evidence have shown no advantage of one single internal 

fixationn implant for displaced femoral neck fractures. Meta-analysis data show that 

slidingg hip screws, pins and cannulated screws all performed similarly when considering 

clinicall  outcome. 

Loww interobserver kappa values were found for the criteria concerning DHS 

fixation.. ' ' ' ~' No specific studies concerning correct positioning of implants over 

thee inferior calcar were found. For positioning of the screw within the femoral head 

inn peritrochanteric fractures, Baumgaertner advocated a distance of the screw dp to 

thee femoral head apex distance (tip-apex distance — TAD) of 25 millimetres or less. 

Thee femoral apex was defined as the point of intersection between the subchondral 

bonee and a line in the center of and parallel to the femoral neck. Baumgaertner stated 

thatt instructed observers familiar with the TAD measurement formula could reproduce 

thee measurement correctly. In our study design simulating routine clinical practice, 

wee found only moderate agreement (0.28-0.38) of screw-positioning within the femoral 

headd and tip-apex distance in the AP view. This demonstrates that the TAD cannot be 

reproducedd without specific instruction. 

Inn the lateral view interobserver agreement was poor for screw position within the 

femorall  head (0.19). This also reflects the paucity of literature describing optimal 

implantt positioning in this view. 

Thee intraobserver agreement for nearly all aspects of fracture reduction and fixation 

andd overall technical opinion ranged from moderate to very good. The finding of 

goodd intraobserver agreement is important, as it indicates that the rating of reduction 

andd fixation technique is consistently reproducible by the same person in daily practice. 

Onlyy observer number 3, a staff orthopaedic surgeon, was less consistent and we 

deemedd it necessary to recalculate the average intra- and interobserver kappa values, 

omittingg this observers' ratings. 

Inn conclusion, it seems that surgeons, with similar views on how to correctly reduce 

andd internally fixate a displaced femoral neck fracture with a DHS, can nearly agree on 

whatt should be considered a good reduction in the AP view, but cannot agree on what 

shouldd be considered a good reduction in the lateral view and a good DHS fixation in 

routinee clinical practice. Each individual surgeon was rather consistent in his own 

opinion.. This finding is important to realise when discussing this subject at teaching 

orr evaluation sessions. 

Givenn the differences in femoral neck fracture patterns, it could well be impossible to 

establishh a classification system for reduction and fixation technique on which surgeons 



completelyy agree. In the long term, we are working towards comparable clinical 

protocolss and broadly accepted clinical practice guidelines based on high level evidence, 

whichh will help generate more agreement in routine clinical practice on correct treatment 

off  this increasingly common fracture type. 
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Abstract t 
Background:Background:TheThe influence of precise surgical technique on clinical outcome of internal 

fixationn (IF) for displaced femoral neck (DFN) fractures is underreported in the 

literature.. Inadequate fracture reduction and/or implant position, as determined by 

expertt radng early after surgery, potentially has clinical consequences. The aim of this 

studyy was to determine the correlation between expert radng of IF technique and 

clinicall  outcome. 

Methods:Methods: A prospective multicenter 2 year follow-up study involving 102 patients selected 

forr IF was performed. Operations were performed or supervised by experienced 

surgeons.. Technical recommendations for fracture reduction and implant positioning 

weree described in the study protocol according to recent literature. All pre-, intra- and 

11 -2 day postoperative radiographs were digitalised and rated by two independent experts, 

whoo were blinded to each other, for the hospital and for clinical and radiological 

outcome.. If one or both raters assigned an inadequate rating, the case was considered 

technicallyy inadequate in the analysis. Ratings were divided into 3 groups: overall 

technique,, fracture reduction and implant positioning. The clinical endpoints were 

failuree of IF necessitating revision, postoperative complications and mortality. The 

associationn between the ratings and the clinical endpoints were calculated with 

correlationn coefficients and regression analysis. 

Results:Results: The highest correlation with 2 year clinical failure of IF was found for fracture 

reductionn technique rating (r = 0.294, p < 0.01; agreement between raters: kappa = 

0.39).. For overall technique rating a significant correlation with IF failure was also 

foundd (r = 0.265, p < 0.01; agreement between raters: kappa = 0.65). A likely correlation 

existedd between implant positioning rating and IF failure (r — 0.181, p = 0.07; agreement 

betweenn raters: kappa = 0.16) Logistic regression demonstrated that inadequately rated 

reductionn (varus) on the AP view was independently associated with clinical failure 

(Oddss Ratio: 17.5, p < 0.01). Inadequate reduction on the lateral view, overall technique 

andd implant positioning were not associated with failure. No association between 

technicall  rating and postoperative complications was calculated. 

Conclusion:Conclusion: Early postoperative inadequate expert rating of IF technique correlated 

withh clinical failure within 2 years. This result opens the discussion about expert rating 

off  surgical performance preferably intraoperatively or early postoperatively. Although 

twoo experts may disagree, a single inadequate expert rating should prompt at least 

considerationn of a pre-emptive change in the choice of therapy. 



Introduction n 
Thee importance of precise surgical technique for reduction and internal fixation (IF) 

off  displaced femoral neck fractures is underreported. Surgical technique or experience 

levell  of surgeons can influence clinical outcome. Fracture reduction criteria were 

developedd more than 30 years ago and are generally accepted. Implant positioning 

criteriaa have also been well described, ' but have not been subjected to a technical 

analysiss in relation to prospective clinical outcome. The principles described in the 

literaturee for fracture reduction and implant positioning are not always optimally 

adoptedd and it is unclear what constitutes an adequate or inadequate surgical 

performance.. Few retrospective studies have correlated technical performance with 
22 3 outcome.. ' No study has reported independent expert technical rating and a possible 

correlationn with clinical outcome in displaced femoral neck fracture patients. In a 

recentlyy performed study of internal fixation in elderly patients with a high physiologic 

demand,, an inadequate technical performance was observed in 13% of patients. 

Overall,, clinical failure resulting in revision occurs in about one-third of patients with 
O i l l 

aa displaced femoral neck fracture treated with IF. " In these patients, an early expert 

rating,, performed intra- or postoperatively, may detect inadequate reduction or fixation 

technique.. This could hypothetically lead to a pre-emptive change in clinical strategy. 

Earlyy (re-) intervention before clinical failure becomes evident would potentially reduce 

patientt discomfort, improve outcome and save costs. The aim of this study was therefore 

too determine whether an inadequate technical rating by independent experts was correlated 

withh clinical failure, defined as revision to arthroplasty, development of postoperative 

complicationss and 2-year mortality in displaced femoral neck fracture patients. 

Patientss and Methods 
D e s i gnn a nd i n c l u s i on The selected IF patients represented one arm of a 

prospective,, multi-center study, which aimed to verify a modified Physiologic Status 

Scoree (PSS) treatment protocol for patients with a displaced femoral neck fracture, 
77 12 

whichh has been reported previously. ' Four university and 6 non-university teaching 

hospitalss participated in that study, in which patients were selected for either IF or 

hemiarthroplastyy based on their quantified physiologic status. All patients aged 60-90 

yearss with a displaced femoral neck fracture were eligible for inclusion. The in- and 

exclusionn criteria are listed in table 1. Inclusion was commenced after the protocol 

hadd received Institutional Review Board consent. 



Tablee 1: In- and exclusion criteria 

Inclusionn criteria: 

-- Aged 60 years and above 
-- Displaced intracapsular femoral neck fracture, no trochanteric fractures 
-- Physiologic Status Score > 20 points, defined as: 

Mobilee with no or one walking aid outside the home 

Livingg in own home, partial dependence on social services/relatives allowed 
AA good cognitive function20 

Americann Society of Anaesthesiologist's (ASA) class 1 or 2 medical condition21 

Exclusionn criteria: 
-- Undisplaced femoral neck fractures 
-- Fractures of the femoral neck older than 48 hours 
-- Patients with advanced arthrosis of the ipsilateral hip joint who would normally be treated by 

totall hip replacement. The diagnostic signs on plain X-ray of this condition were: subchondral 
sclerosis,, narrowing of the articular cleft, formation of osteofytes and subchondral cyst 
formation n 

-- Patients with established rheumathoid arthritis or showing signs of this disease on plain X-ray. 
-- Patients with a pathological fracture or who sustained a spontaneous fracture after a 

comparativelyy minor trauma with signs of osteolysis at the fracture sight on plain X-ray. 

Opera t i onn The previously reported PSS study protocol ' required operation or 

supervisionn by staff surgeons with experience in IF for displaced femoral neck fractures 

(i.e.. operator or supervisor of at least 10 IF per year) in all participating hospitals. In 

thee Anterior-Posterior (AP) fluoroscopic image a reduction of the femoral head in 0-

200 degrees of valgus, corresponding with a Garden Index of 160-180 degrees, was 

required.. In the lateral view the line between the centre of the femoral head and long 

axiss of the femoral shaft was required be as close as possible to 180 degrees. Up to 10 

degreess of femoral head retroversion was considered to be acceptable. 

Cannulatedd cancellous bone screw insertion according to the three-point fixation '' 
13 3 principlee or compression hip screws (CHS) were recommended as implants. " For 

steepp Pauwels type 3 fractures a fixed angle CHS was the preferred option. 

Positioningg of the CHS was required to be in the central to caudal half of the femoral 

headd in the AP view. In the lateral view CHS positioning in the central-dorsal part of 

thee femoral head was advised. Postoperatively, after consultation with physiotherapy, 

alll  patients were mobilised with full weight-bearing as much as discomfort would allow. 

D a t aa co l l ec t i on a nd fo l low-u p The pre-, intra-, and 1-2 day postoperative 

radiographss (AP and lateral views) of all internal fixation patients were digitally 

photographedd and branded onto two CD-ROM's. All references to patient name and 

institutionn were removed digitally before branding. 



Casee report forms (CRF) were completed on admission, at operation and upon discharge. 

Follow-upp was scheduled at 1 and 2 years. Plain radiographs were also taken at each 

follow-upfollow-up interval. The primary end-point of this study was revision of IF to arthroplasty. 

Secondaryy end points were postoperative complications and mortality. 

Techn icall  fat in g As no guidelines exist for the rating of technique on radiographs, 

twoo independent expert professors with an orthopaedic and a general surgery-traumatology 

backgroundd each with over 20 years of clinical and scientific experience, were asked to 

blindlyy rate fracture reduction and positioning of the implants. Both experts were requested 

too rate technique according to the recommended methods in the study protocol above in 

combinationn with their expertise. The experts were blinded to each others' findings, the 

hospitall  and to clinical and radiological outcome. They were asked to rate the combination 

off  reduction and fixation technique (overall rating) and then to rate fracture reduction 

andd implant positioning separately. An adequate or inadequate rating for technique, 

regardlesss of their opinion of likely clinical outcome, could be assigned. 

Thee rating results were divided into 3 groups: overall, reduction and implant position 

rating.. For analysis purposes inadequate rating was defined as an inadequate rating by 

onee or both experts. A sub-analysis was performed of cases where both experts agreed 

onn inadequate technique. 

Regress ionn analysis A regression analysis with 2 year clinical failure, postoperative 

complicationss and mortality as the dependent outcomes and the following co-factors 

wass performed: mobility, accommodation status, femoral neck bone density, cognitive 

function,, ASA class, delay to surgery, fracture angle (Pauwels type), AP fracture 

reduction,, lateral fracture reduction and type of implant. 

Stat ist icall  m e t h o ds The database of this study was created in an SPSS, version 

11.55 (Statistical Package for Social Sciences Incorporated, Chicago IL , USA), 

spreadsheett format. The distribution of data was tested with a one-sample 

Kolmogorov-Smirnovv test. For normally distributed data, p-values and 95% Confidence 

Intervalss (CI) were calculated with an independent samples t-test. The two-sample 

Mann-Whitneyy test was used to calculate significance in abnormally distributed data. 

AA p-value below < 0.05 was considered significant. For non-parametric correlation 

thee Spearman rank co-efficient was calculated. Regression analysis was performed 

withh a binary logistic model. 



Results s 
Internall  fixation after closed reduction was performed in 126 patients selected using 

thee Physiologic Status Score protocol. Nine patients received internal fixation, but 

shouldd have received hemiarthroplasty according to the PSS study protocol (protocol 

violation).. In 9 other patients, in whom there were 6 clinical failures after 2 years, the 

intraoperativee fluoroscopic images, which we deemed essential for proper technical 

assessment,, had not been printed and added to the radiology files. Two patients were 

lostt to follow-up and 4 patients died within 3 months before any clinical follow-up 

hadd taken place. For these reasons 24 patients were excluded from the analysis. 

Thee results of the remaining 102 patients (34 men) were analysed. For the 3 groups of 

ratingss the cases with adequate and inadequate technical ratings are shown in table 2a-

c.. Age, sex, pre-injury mobility, accommodation status, bone density of the contralateral 

femorall  neck, cognitive status, ASA class and fracture angle (Pauwels type) showed no 

differences.. Delay to surgery in the overall technique rating group and type of implant 

inn the fixation rating group was different, but regression analysis identified no 

associationn with the clinical endpoints. 

Forr overall technique an inadequate rating was assigned to 25 (25%) patients. Sixteen 

Tablee 2a. Overall technique. Demographics and baseline characteristics of the adequately 
andd inadequately rated cases. Data are expressed as means (n = 102). 

Numberr (n) 

Age e 
Genderr M/F 

Mobilityy score 
Accommodationn score 
T-scoree femoral neck 
Cognitionn score 
Medicall history score 

Delayy to Surgery (hours) 

Pauwelss type 

Implant: Implant: 
Dynamicc Hip Screw (DHS) 
DHSS with antirotational CS* 

Adequate e 

77 7 

77.4 4 
27 // 50 

4.8 8 
4.9 9 
-2.2 2 
4.7 7 
4.3 3 

26.1 1 
2.5 5 

21 1 
33 3 

Inadequate e 

25 5 

75.4 4 

7 // 18 
4.6 6 
5.0 0 
2.0 0 
4.8 8 
4.2 2 

16.2 2 
2.6 6 

10 0 
9 9 

pp value 

0.08 8 
0.51 1 
0.20 0 
0.21 1 
0.28 8 
0.78 8 
0.85 5 

<0.01 1 

0.35 5 

}} 0.30 

*33 cannulated screws 



Tablee 2b. Fracture reduction technique. Demographics and baseline characteristics of 

adequatelyy and inadequately rated cases. Data are expressed as means (n = 102). 

Numberr (n) 

Age e 
Genderr M/F 
Mobilityy score 
Accommodationn score 
T-scoree femoral neck 
Cognitionn score 
Medicall history score 

Delayy to Surgery (hours) 
Pauwelss type 

Implant: Implant: 
Dynamicc Hip Screw (DHS) 
DHSS with antirotational CS* 
CS S 

Adequate e 

76 6 

77.2 2 

2 5 / 4 9 9 
4.8 8 
4.9 9 
-2.2 2 
4.7 7 
4.3 3 

24.3 3 
2.4 4 

21 1 
32 2 
23 3 

Inadequate e 

26 6 

77.1 1 
9 / 1 7 7 

4.6 6 
4.9 9 
-2.2 2 
4.9 9 
4.2 2 

21.6 6 
2.7 7 

10 0 
10 0 
6 6 

pp value 

0.87 7 
0.82 2 

0.21 1 
0.56 6 
0.85 5 
0.14 4 
0.23 3 

0.32 2 
0.09 9 

}} 0.31 

*3*3 cannulated screws 

Tablee 2c. Implant positioning technique. Demographics and baseline characteristics of 
adequatelyy and inadequately cases. Data are expressed as means (n = 102). 

Numberr (n) 

Age e 
Genderr M/F 
Mobilityy score 
Accommodationn score 
T-scoree femoral neck 
Cognitionn score 
Medicall history score 

Delayy to Surgery (hours) 
Pauwelss type 

Implant: Implant: 

Dynamicc Hip Screw (DHS) 
DHSS with antirotational CS* 

CS S 

Adequate e 

59 9 

76.7 7 
2 2 / 3 7 7 

4.9 9 
4.9 9 
-2.2 2 

4.8 8 
4.2 2 

25.9 9 
2.4 4 

13 3 

26 6 
20 0 

Inadequate e 

43 3 

77.8 8 
1 2 / 3 1 1 

4.7 7 

4.9 9 
-2.1 1 
4.7 7 
4.4 4 

20.7 7 

2.6 6 

18 8 
16 6 

9 9 

pp value 

0.38 8 
0.32 2 
0.12 2 

0.68 8 
0.39 9 
0.43 3 
0.09 9 

0.16 6 
0.06 6 

}} 0.03 

*3*3 cannulated screws 
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Tablee 3. Technical rating results in the three groups in relation to fracture reduction criteria 
andd the study endpoints (n = 102). 

Overalll Technique 

Number r 

Gardenn Index ( mean) ) 
Retroversionn (mean 
-- lateral view 

Endpoints: : 
Clinicall failure 
Mortality y 

Complications: : 
None e 
Minor r 
Major" " 

degrees s 

Adequate e 

77 7 

166 6 

3.2 2 

233 (30%) 
77 (9%) 

644 (83%) 

99 (12%) 
44 ( 5%) 

Inadequate e 

25 5 

160 0 
4.5 5 

16(64%) ) 

55 (20%) 

14(56%) ) 
44 (16%) 

0 0 

pp value 

<0.01 1 
0.66 6 

O.01 1 
0.14 4 

)) 0.23 

Adequate e 

76 6 

165 5 
3.2 2 

233 (32%) 
77 (9%) 

633 (83%) 
10(13%) ) 
33 ( 4%) 

## Deep wound infection, pulmonary embolus, cerebro-vascular accident, congestive heart 
failuree or myocardial infarction 

outt of these 25 patients (64%) proceeded to clinical failure with revision to arthroplasty. 

Forr reduction technique and implant positioning, inadequate ratings were assigned to 

266 (25%) and 43 (42%) patients; clinical failure occurred in 16 out of 26 (62%) and 21 

outt of 43 (49%) patients respectively, table 3. 

Inn the overall and reduction technique rating groups inadequate (varus) reduction in 

thee AP view, as expressed by a mean Garden Index below 160°, was associated with 

significantlyy more clinical failure. Mortality also appeared higher in all 3 groups of 

inadequatee ratings, but the number of deaths was too small to substantiate this finding. 

Thee development of postoperative complications was similar between adequately and 

inadequatelyy rated patients in all 3 rating groups. 

Thee interrater agreement between the experts on overall technique was good (kappa 

valuee 0.65  0.10), agreement on fracture reduction was moderate (kappa value 0.39 

 0.11) and agreement on implant positioning was poor (kappa value 0.16  0.10). 

Thee correlation between overall technical rating and clinical failure of IF (r = 0.265, p 

== 0.003) was significant. The highest correlation was found between fracture reduction 

ratingg and clinical failure at 2 year follow-up (r = 0.299, p < 0.01). For rating of 

implantt positioning a likely, but not significant, correlation with clinical failure was 



Reduction n Implantt position 

Inadequatee p value Adequate Inadequate p value 

26 6 

160 0 
4.3 3 

<0.01 1 
0.88 8 

59 9 

165 5 
2.1 1 

43 3 

164 4 
5.7 7 

0.26 6 
0.07 7 

16(62%) ) 
55 (19%) 

19(73%) ) 
66 (23%) 
11 ( 4%) 

<0.01 1 
0.17 7 

}} 0.29 

18(31%) ) 
44 ( 7%) 

511 (86%) 
55 (8%) 
33 { 5%) 

211 (49%) 
88 (19%) 

311 (72%) 
111 (26%) 
11 (2%) 

0.07 7 
0.07 7 

}} 0.07 

foundd (r = 0.181, p = 0.07), which reflects the poor interrater agreement on implant 

positioningg described above. 

Inn the sub-analysis of patients where both experts agreed on inadequate overall 

techniquee the correlation with clinical failure became stronger and rose to 0.453 (p < 

0.001)) and 13 out of 15 (87%) patients proceeded to clinical failure. When both experts 

assignedd inadequate ratings for fracture reduction the correlation with clinical failure 

remainedd similar (r = 0.294, p< 0.01) and 7 out of 8 (88%) patients proceeded to 

clinicall  failure. When both experts assigned inadequate implant position ratings the 

correlationn with failure did become significant (r = 0.274, p < 0.01) with 9 out of 12 

(75%)) patients proceeding to failure of IF. 

Afterr regression analysis only AP (varus) fracture reduction (OR 17.5 [95% CI: 1.8 -

167.1],, p=0.013) was associated with IF failure. None of the other co-factors was 

associatedd with the development of complications. Higher ASA class (OR 14.2 [95% 

CI:: 2.0 - 100.5], p=0.008) and inadequate implant positioning ratings (OR 28.8 [95% 

CI:: 1.5 - 523.8], p=0.023) had an association with mortality. 
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Discussion n 
Thiss prospective 2-year follow-up technical rating study showed that an expert in the 

fieldfield of hip fracture surgery can "predict" clinical IF failure in cases where fracture 

reductionn alone or reduction in combination with implant position is rated inadequate. 

Ratingg of implant positioning alone did not correlate with clinical outcome. In future, 

particularlyy fracture reduction in both views could objectively be rated in different 

ways,, preferably intraoperative consultation with an expert in the operating room. 

Alternat ivess are intraoperat ive consultat ion via the intranet or internet, early 

postoperat ivee local consultation or early postoperative consultation via internet 

communication.. Dur ing daytime hours an expert or surgeon with advanced training 

orr accreditation in fracture surgery can easily be consulted locally. The result of this 

studyy could prompt surgeons to consider intraoperative consultation or at least early 

ratingg of postoperative radiographs by their local "expert". In other circumstances, 

forr instance during off-hours, consultation by communicating radiographs via internet 

too an expert is a good alternative. If operative technique is rated inadequate at 

consultation,, and particularly if another expert agrees, change of the intraoperative 

treatmentt plan or early pre-emptive (re-) intervention should be seriously considered 

beforee clinical failure becomes apparent. 

Althoughh technical rating was performed according to a protocol based on the recent 

l i terature,, it remained the opinion of an or thopaedic surgeon and a surgeon-

traumatologistt being regarded as hip fracture experts, who did not always agree with 

eachotherr as is expressed by moderate to poor kappa values for reduction and implant 

posit ioningg rating. This represents a limitation for the reproducibility of the study 

resultss and raises the issue of whether one or two experts should be consulted. Two 

inadequatee ratings demonstrated an even stronger correlation with clinical failure than 

onee or two inadequate ratings, although the correlation with clinical failure of the 

latterr model was still significant. Translated into clinical practice the following strategy 

mayy be followed: in the event of a single inadequate expert rating a problem may arise 

inn the postoperative clinical course. If a second expert rating is sought and confirms 

thee first, a revisional procedure should be seriously considered. If disagreement occurs 

pre-emptivee revision should still be discussed with the patient. 

Fromm the analysis of the previously conducted prospective Physiologic Status Score 

validationn study, it was demonstrated that relatively healthy patients with a high 

funct ionall  d e m a nd could wi thstand rev is ion of IF to ar throp lasty w i thout 
7 7 

compromisingg morbidity, mortality or function at 2 year follow-up. A matched-pair 



analysiss with prospective data recording, however, found higher early dislocation and 

superficiall  infection rates in salvage arthroplasty patients compared with primary 
1 17 7 

arthroplastyy patients, but found no significant influence on function. These results 

wouldd support a pre-emptive re-intervention strategy in this group of active patients, 

inn whom most would agree that sparing of the femoral head is preferable. Patients 

receivingg IF should be counselled that revision of IF to a form of arthroplasty may 

carryy a risk of higher early complication rate, mostly superficial infection. 

AA recognized predictive factor of clinical failure is the quality of reduction, especially 

inn the AP view. " ' Table 3 illustrates the association between inadequate technique, 

poorr reduction in terms of a mean Garden index below 160° and clinical failure. If 

varuss reduction is present on the postoperative radiographs, failure of IF has been 

reportedd to be 4 times more likely to fail. This risk increased to 13 times more chance 
18 8 

off  failure if the surgeon also reported a difficult reduction. If a surgeon encounters 

aa difficult reduction or an uncorrectable varus reduction intraoperatively, a conversion 

too arthroplasty would be a logical next step. The obstacle herein is the repositioning 

off  the patient from an orthopaedic traction to a standard table and the preparation of 

neww instruments, which prolongs the operative procedure with higher complication 

risk.. A second session of "delayed conversion" after objective technical rating may 

surmountt this hurdle and this approach carries the advantage of time for patient 

counsellingg between sessions. 

Feww studies address the influence of reduction technique in the lateral view. ' ' 

Ourr study showed no difference in mean retroversion angle in the adequately and 

inadequatelyy rated groups and no correlation with clinical outcome. 

AA reduction in ante- or retroversion has been reported to produce inferior results to a 

neutrall  lateral view reduction, but this is not a consistent finding. 

Properr implant positioning is the next important technical step, but can only be done 

properlyy after adequate reduction. Meta-analysis data have shown that implants with 
11 1 aa screw thread are preferable to pins. As agreement between the expert raters was 

thee poorest on this issue and correlation with clinical outcome was not significant, an 

inadequatee rating of implant positioning alone should probably not have clinical 

consequences.. Poor implant position alone has been reported to lead to more 

unspecifiedd complications, but others did not find this association. ' 

Internall  Fixation for displaced femoral neck fractures should not be delegated to 

junior,, inexperienced staff without supervision. From the present technical rating 

resultss found in a daily practice multi-center setting, this recommendation should 



havee full support because overall technique was rated inadequate in 25 out of 102 

cases,, which were operated on. Two subanalyses of studies reporting on surgeon 

experiencee and clinical outcome in displaced FNF patients found no significant 

association.. ' Interestingly, one study among 1000 patients suggested that the best 

resultss are likely to be gained by surgeons with 1-5 years of experience and a high case 

loadd (i.e. minimum 20 procedures per year). A learning curve for junior surgeons and 

aa fall-off rate for more experienced surgeons were noted. After discriminant analysis 

surgicall  experience did not have any great effect on mortality or morbidity. 

Thee present prospecdve study is the first to describe independent technical rating of 

internall  fixation for displaced femoral neck fractures. The results suggest that early 

expertt inadequate rating is a promising instrument for predicting clinical failure. 

(Internationallyy recognized technical guidelines for reduction and internal fixation of 

thesee fractures should be developed by which expert surgeons could rate technical 

performance,, which should preferably be performed intraoperatively. An inadequate 

ratingg of reduction and/or implant position could lead surgeons to implement a pre-

emptivee change in therapeutic strategy. 
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Abstract t 
Introduction::Introduction:: A delay of more than 24 hours to surgery may lead to higher morbidity 

andd mortality in hip fracture patients. Previous studies on this subject have not 

demonstratedd consistent results. This is partly due to the fact that different timeframes 

weree recorded for the delay to surgery from time of injury or from time of admission. 

Adjustmentt for patient related confounding factors as age and preoperative health 

statuss (ASA class) has also not consistently been performed. The study aim was to 

determinee the association between delay to surgery and the development of 

postoperativee complications, length of hospital stay (LOS) and 1 -year mortality. 

Methods:Methods: The. medical records of intra- and extracapsular hip fracture patients in 2000 

andd 2001 admitted to our institution were retrospectively reviewed. Uni- and multivariate 

regressionn analysis was performed to determine an association between the time interval 

too surgery and morbidity, LOS and 1-year mortality. 

Results:Results: Of the 192 patients managed operatively for a hip fracture, 39 (20%) patients 

developedd 50 postoperative complications (23 infections). The mean LOS was 17 

dayss and 1-year mortality was 25%. There was a trend towards less postoperative 

complicationss (p=0.06, multivariate regression, MR) and shorter LOS (p=0.09, MR) 

inn patients with a delay of less than 1 day from the time of admission to surgery. No 

associationn between surgical delay and 1-year mortality was found (p=0.632, univariate 

regression,, UR). Age over 80 years (complications: p=0.001 MR, LOS: p=0.05 UR, 

mortality:: p=0.04 MR) and ASA class (complications: p=0.29 UR, LOS: p=0.07 UR, 

mortality:: p=0.03 MR) had stronger associations with the clinical outcomes than the 

timee interval to surgery. In ASA I and II class patients, operation beyond 1 day from 

thee time of injury was associated with more infectious complications (p—0,02, UR), 

butt low 1-year mortality' (p=0.03, MR). 

Conclusion:Conclusion: No significant association could be found between delay to surgery and the 

clinicall  outcomes. However, considering the trends towards less complications and 

shorterr LOS, early surgery (within 1 day from admission) is likely to be beneficial for 

hipp fracture patients who are able to undergo operation. 



Introduction n 
Theree is a non-consistent perception that delay before surgical treatment of hip fracture 

patientss is associated with an increase in postoperative complications (1-5), length of 
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hospitall  stay ' ' ' and mortality ' . Recendy it has been stated that early surgery, within 

244 hours, is independendy associated with a reduced length of hospital stay.5 In this 

largee prospective study an association (p = 0.04) between fewer major postoperative 

complicationss and operation within 24 hours was found in a subgroup of healthier 

patientss defined as patients without abnormal clinical findings, aortic stenosis, dementia, 

andd end-stage renal disease with dialysis on admission. No association (p = 0.09) with 

mortalityy after 6 months was found. 

Hipp fractures are an important health care problem. The incidence of hip fracture 

patientss in the Netherlands has increased from 15.286 patients in 1999 tol 7.550 patients 

inn 2003, with an expected increase of 5% per year until 2025. The 1-year mortality 

ratee is reported to be between 11 and 34%.8,11'12 

Delayy to surgery is usually recorded from the time of admission, but few reports 

attemptt to define time to surgery starting from the time of injury. ' ' ' The time 

intervall  to surgery should include the period in which some patients remain immobile 

att home for considerable time after their injury and physiological deterioration may 

occurr due to dehydration and lack of nutrition. This first period of the delay is difficult 

too influence, but the second period from admission is easier to control as it is dependent 

onn co-morbidity treatment and hospital logistic factors. Theoretically, relatively healthy 

patientss (ASA I and II class) are operated sooner than patients, which require more 

preoperativee evaluation and preparation. During analysis of previous studies, 

adjustmentt for preoperative health status (ASA class) has not always been performed.6'9 

Thee primary aim of this study was to clarify the possible association between delay to 

surgery,, calculated from the day of injury and from the day of hospital admission, 

withh the development of postoperative complications, length of hospital stay and 1-

yearr mortality rate. A secondary aim was to perform an identical subanalysis in the 

restrictedd cohorts of ASA class 1-2 and ASA class 3-4 patients. 

Patientss and Methods 
Alll  medical records of patients above 55 years old that were managed operatively for 

aa hip fracture in 2000 and 2001 at our hospital were reviewed. Poly traumatized patients, 

patientss with pathological fractures, a previous fracture or operation on the ipsilateral 

hip,, initial conservative management and patients in whom time of injury could not 



bee determined, were excluded. 

Thee following parameters were extracted from the patient records: gender, age, pre-

andd postoperative accommodation (home, retirement home, nursing home), date of 

injury,, date of admission to the ED, date of operation and discharge, type of fracture 

(intra-- or extracapsular), American Society of Anesthesiologists (ASA) class, utilised 

implantss (DHS: dynamic hip screw, hemiarthroplasty, total arthroplasty, PFN: proximal 

femurr nail, cannulated screws, angled blade plate), in-hospital mortality and in-hospital 

postoperativee complications. The latter were divided into infectious (urinary tract 

infection,, pneumonia, wound infection and sepsis) and non-infectious complications 

(congestivee heart failure, arrhythmia, myocardial infarction, gastro-intestinal 

haemorrhage,, cerebrovascular accident (CVA), pulmonary embolism). 

Thee 1 -year mortality7 was determined by contacting either the general practitioner or 

thee managing staff of the present accommodation of the patient. The delay to surgery 

wass calculated from the day of injury and from the day of hospital admission and was 

analysedd separately. 

AA subanalysis was performed in the relatively healthy, defined as ASA I or II class, 

groupp of patients to gain insight into the effect of delay to surgery due to health 

statuss on morbidity, LOS and mortality. 

Stat ist icall  ana lys is Variables potentially affecting clinical outcome were identified 

throughh univariate analysis. Continuous variables were analysed using the students t-

testt and dichotomous variables through the Chi square test. Variables with significant 

valuess after univariate analysis were subsequently analysed in a multivariate model to 

distinguishh individual effect on outcome. 

Dichotomouss outcome variables (complications and mortality) were analysed using a 

binaryy logistic regression model. Continuous outcome variables (length of stay) were 

analysedd by means of a Cox regression model. Length of stay was log-transformed 

forr the analysis since it was not normally distributed, as determined with a Kolmogorov-

Smirnovv test. 

Resultss were expressed as p values with a 95% confidence interval and Odds Ratio's 

(OR)) for the dichotomous outcome variables. A p-value below 0,05 was considered to 

bee significant. The SPSS 9.0 (Chicago, IL, USA) software package was used. 



Results s 
Inn the two year study period 229 patients were treated operatively for a hip fracture. 

Thirty-fourr patients (15%) met the exclusion criteria listed in the methods section. 

Threee patients (1%) were untraceable and lost to follow-up after 1 year and were 

subsequentlyy excluded. This left 192 patients eligible for analysis; 111 patients (58%) 

hadd sustained an intracapsular fracture and 81 (42%) an extracapsular fracture. 

Demographics,, pre-admission residential status, ASA class and the pre- and in-hospital 

intervalss of time to surgery and type of implants are shown in table 1. A delay to 

Tablee 1 . Basic chararacteristics: Demographics, residence status, ASA class, time to surgery 
andd used implants in the study cohort (n=192). 

Total l 
Age e 
Gender r 

Male e 
Female e 

Admittedd from 

Home e 
Retirementt home 
Nursingg home 

ASAA class 
1 1 
II I 
III I 
IV V 

Dayss injury to operation 
1 1 
2 2 
>3 3 

Dayss admission to operation 
1 1 
2 2 
>3 3 

Implant t 

DHS S 
Hemiarthroplasty y 
Totall arthroplasty 
PFN N 

Anglee plate 
Cannulatedd screws 

Intracapsularr (%) 

1111 (58) 
78,88 (SEM 1,06) 

277 (24) 
844 (76) 

744 (67) 
23(21) ) 
14(13) ) 

17(15) ) 
500 (46) 
411 (37) 

3(3) ) 

633 (57) 
322 (29) 
16(14) ) 

722 (65) 
299 (26) 
10(9) ) 

28(25) ) 
622 (56) 
13(12) ) 

1(1) ) 

2(2) ) 
5(5) ) 

Extracapsularr (%) 

811 (42) 
82,66 (SEM 1,06) 

18(22) ) 

633 (78) 

466 (57) 
18(22) ) 
17(21) ) 

9(11) ) 

399 (48) 
299 (36) 

4(5) ) 

544 (67) 

20(25) ) 
7(9) ) 

588 (72) 

20(25) ) 
3(4) ) 

688 (84) 

--
--

12(15) ) 

1(1) ) 
--

Totall (%) 

192 2 
80,44 (SEM 0,77) 

455 (23) 
147(77) ) 

120(63) ) 
411 (21) 
311 (16) 

26(14) ) 

899 (46) 
70(37) ) 

7(4) ) 

117(61) ) 
522 (27) 

23(12) ) 

130(68) ) 
499 (26) 
13(7) ) 

966 (50) 
622 (32) 
13(7) ) 
13(7) ) 

3(2) ) 

5(3) ) 

SEMM = Standard Error of the Mean. 



surgeryy of less than one day was present in 61% of patients calculated from date of 

injuryy and in 68% of patients calculated from date of admission. 

Postoperativee complications developed in 39 (20%) patients; infectious and non-

infectiouss complications are shown separately in table 2. Similar complication rates 

weree seen for intra- and extracapsular fracture patient groups. 

Inn the total cohort 39% of surviving patients could be discharged to their original 

accommodation.. Of patients originally living at home 22% were discharged to a retirement 

homee and 27% to a nursing home. Of patients originally living in a retirement home, 

73%% was able to return and the remainder was discharged to a nursing home. Of all 

Tablee 2. Postoperative complications, LOS, discharge to residence status and mortality of 

thee studty cohort (n=192). 

Intracapsularr Extracapsular Total 
(n=1111 (%)) <n=81 (%)) (n=192 (%)) 

Complications s 

0 0 
1 1 
>2 2 

Infectiouss complications 
Urinaryy tract infection 
Pneumonia a 
Woundd infection 
Sepsis s 

Otherr complications 
Congestivee heart failure 
Arrhythmia a 
CVA A 
Myocardiall infarction 
Gastro-intestinall bleeding 
Pulmonaryy embolism 

Lengthh of stay (days) 
Dischargedd to 

Home e 
Retirementt home 
Nursingg home 

Dischargedd to initial residence 

Yes s 

No o 
Mortalityy (in-hospital) 
Mortalityy (1 year)* 

911 (82) 
12(11) ) 
8(7) ) 

7(6) ) 

1(1) ) 

2(2) ) 

6(5) ) 
3(3) ) 
3(3) ) 
2(2) ) 
2(2) ) 

17,55 (SEM 1,58) 

399 (37) 
288 (27) 
388 (36) 

422 (40) 

633 (60) 
6(5) ) 

23(21)* * 

622 (77) 
15(19) ) 
4(5) ) 

8(10) ) 
2(3) ) 
1(1) ) 
2(3) ) 

4(5) ) 
3(4) ) 
2(3) ) 

1(1) ) 
1(1) ) 

16,44 (SEM 1,90) 

19(25) ) 
26(35) ) 
300 (40) 

31(41) ) 
444 (59) 

6(7) ) 
244 (30)* 

11 53 (80) 
27(14) ) 
12(6) ) 

15(8) ) 

3(2) ) 

3(2) ) 

2(1) ) 

10(5) ) 

6(3) ) 

5(3) ) 

3(2) ) 

3(2) ) 

17(SEMM 1,21) 

588 (32) 
544 (30) 
688 (38) 

73(41) ) 
107(59) ) 

12(6) ) 
477 (25)* 

** n = 189 



patientss admitted from a nursing home, 93% were able to return there and 7% were 

transferredd to a retirement home. 

Twelvee patients (6%) died in hospital and mortality increased to 47 patients (25%) after 

11 year. Similar mortality was noted in both the intra- and extracapsular fracture patients. 

InIn the regression analysis a trend (p—0.06) towards less postoperative complications was 

foundd in patients with a delay to surgery of less than a day from date of admission, table 

3.. Two independent risk factors were identified after multivariate analysis: first, patients 

olderr than 80 years (OR 4.5) and second, delay to surgery beyond 1 day from admission 

too operation were associated with the development of infectious complications (p=0,004 

OR=0,244 [95% CI: 0,09-0,64]). 

Thee trend towards less postoperative complications possibly led to a similar, but weaker, 

trendd (p=0.09) towards shorter length of stay (LOS) in patients with shorter delay to 

surgeryy calculated from admission in the regression analysis of hospital survivors, 

Tablee 3. Uni- and multivariate regression analysis of the association between time to surgery, 
gender,, age, pre-operative residence, ASA class and fracture type and the dependent 
outcomee of postoperative complications (n=192). 

Noo complications (%) Univariate Multivariate 
{95%% CI) (95% CI) 

Injuryy to operation < 1 day 
Yess (n= 117) 98(84) P-0,117 
Noo (n-75) 55 (73) 

Admissionn to operation < 1 day 
Yess (n= 130) 110(85) P=0,023 P=0,064 
No(n=62)No(n=62) 43(69) OR=2,43 (1,18-5,00) 

Gender r 
Malee (n=45) 
Femalee (n=147) 

e>80 0 
Yess <n= 117) 
Noo <n=75) 
mittedd from 
Home(n=120) ) 
Institutionn (n=72) 
AA l/ll 

Yes(n=115) ) 
Noo (n=77) 
racapsularr fracture 
Yes(n=111) ) 

No(n=81) ) 

42(93) ) 
1111 (76) 

844 (72) 

699 (92) 

100(83) ) 
533 (74) 

955 (83) 
58(75) ) 

911 (82) 

622 (77) 

P=0,0177 PO.059 
OR=0,222 (0,06-0,75) 

P=0,0011 P=0,001 
OR-- 0,22 (0,09-0,56) OR=0,22 (0,09-0,56) 

P=0,151 1 

P=0,295 5 

P=0,460 0 
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tablee 4. Discharge to a different residence, the development of postoperative 

complicationss and female gender were significandy associated with a longer LOS. 

Univariatee regression analysis showed no association between delay to surgery and 1 -

yearr mortality, table 5. Independent factors associated with 1-year mortality were: 

admissionn from a retirement or nursing home, ASA III/I V class and age over 80 years. 

Inn the univariate stage of the regression analysis hip fracture type (intra- or extracapsular) 

didd not potentially affect any of the dependent outcomes of complications, LOS and 

11 -year mortality. 

Tablee 4. Uni- and multivariate regression analysis of the association between time to surgery, 
gender,, age, pre- and postoperative residence, ASA class, postoperative complications and 
fracturee type and the dependent outcome of length of stay (LOS), (n=180). 

Injuryy to operation < 1 day 
Yess (n= 108) 
Noo (n=72) 

Admissionn to operation < 1 day 
Yes(n=122) ) 
Noo (n=58) 

Gender r 
Malee (n=44) 
Femalee (n=136) 

Agee >80 
Yes(n=107) ) 
Noo (n=73) 

Admittedd from 
Home(n=113) ) 
Institutionn (n=67) 

Dischargedd to initial residence 
Yess (n= 107) 
Noo (n=73) 

ASAA l/ll 
Yess (n-110) 
Noo (n-70) 

Complications s 
Yes(n=149) ) 
No(n=31) ) 

Intracapsularr fracture 
Yes(n=105) ) 

Noo (n=75) 

LOS* * 
Average e 

2,5 5 
2,65 5 

2,48 8 
2,74 4 

2,33 3 
2,64 4 

2,64 4 
2,45 5 

2,64 4 
2,44 4 

2,33 3 
2,91 1 

2,49 9 
2,68 8 

2,47 7 
3,04 4 

2,6 6 
2,51 1 

LOS* * 
Univariate e 

P=0,171 1 

P=0,015 5 

P=0,008 8 

P=0,058 8 

P=0,065 5 

P<0,001 1 

P=0,074 4 

P<0,001 1 

LOS* * 
Multivariate e 

P=0,088 8 

P=0,045 5 

P<0,001 1 

P=0,014 4 

P=0,368 8 

** log-transformed 



Thee multivariate subanalysis in the restricted cohort of ASA 1-2 class patients showed 

noo significant association between a delay to surgery and LOS, table 6. However, a 

delayy beyond 1 day from admission to operation did have an independent effect on 

thee development of infectious complications (p=0,018 OR=7.1 [95% CI: 1.4 - 33.3]) 

andd on 1-year mortality (OR 0.25). 

Inn the subgroup of ASA 3-4 class patients, complications and LOS were unaffected 

byy surgical delay beyond 1 day. However, even with treatment their co-morbidity, an 

independentt effect of surgical delay on 1-year mortality was seen (OR 3.1). 

Tablee 5. Uni- and multivariate regression analysis of the association between time to surgery, 
gender,, age, pre-and postoperative residence, ASA class, postoperative complications and 
fracturee type and the dependent outcome of 1-year mortality, (n=189). 

Injuryy to operation < 1 day 
Yes(n=115) ) 
Noo (n=74) 

Admissionn to operation 
<< 1 day 

Yes(n=128) ) 
No(n=61) ) 

Gender r 
Malee (n=43) 
Femalee (n=146) 

Agee >80 
Yes(n=114) ) 
Noo (n=75) 

Admittedd from 
Home(n=119) ) 
Institutionn (n=70) 

Returnn to initial residency 
Yes(n=104) ) 
Noo (n=73) 

ASAA l/ll 

Yes(n=113) ) 
Noo (n=76) 

Complications s 

Yess (n= 150) 
Noo (n=39) 

Intracapsularr fracture 
Yes{n=110) ) 
Noo (n=79) 

1-year r 
Mortalityy (%) 

288 (24) 

19(26) ) 

30(23) ) 
17(28) ) 

8(19) ) 
399 (27) 

399 (34) 

8 ( 1 1 ) ) 

16(13) ) 
311 (44) 

22(21) ) 
13(18) ) 

18(16) ) 

299 (38) 

311 (21) 
16(41) ) 

23(21) ) 
244 (30) 

OR= = 

OR= = 

OR= = 

OR= = 

Univariate e 
(95%% CI) 

P=0,973 3 

P=0,632 2 

P=0,379 9 

PO.001 1 
== 4,36(1,90-9,98) 

PO.001 1 

0,200 (0,40-0,96) 

P=0,720 0 

P=0,001 1 
=0,311 (0,16-0,61) 

P=0,016 6 
=0,37(0,18-0,79) ) 

P=0,188 8 

OR= = 

OR= = 

OR= = 

Multivariate e 
(95%% CI) 

P=0,044 4 
=2,50(1,02-6,11) ) 

P=0,001 1 
=0,29(0,14-0,60) ) 

P=0,031 1 

=0,45(0,21-0,93) ) 

P=1,00 0 
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Tablee 6. Analysis of the operative delay devided in ASA 1-2 class (n=115) and ASA 3-4 
classs patients (n=77). 

ASAA l/ll 

ASAA MI/IV 

Delay y 

Injuryy to 
operation n 
<< 1 day 

Admission n 

too operation 
<< 1 day 

Injuryy to 
operation n 
<< 1 day 
Admission n 

too operation 
<< 1 day 

Noo compl 

Univariate e 

P=0,018 8 
OR=3,66 6 

(1,33-10,06) ) 
P=0,018 8 
OR=3,62 2 

(1,34-9,78) ) 

P=1,000 0 
OR=0,89 9 

(0,30-2,59) ) 

P=0,643 3 
OR=1,49 9 

(0,52-4,32) ) 

cations s 

Multivariate e 

P== 0,113 

P=0,200 0 

Univariate e 

P=0,076 6 

P=0,025 5 

P=0,954 4 

P=0,350 0 

LOS* * 

Multivariate e 

P=0,346 6 

--

:n=1800 (hospital survivors), **n=189 

Discussion n 
Thiss retrospective study could not identify an independent effect of delay to surgery 

onn morbidity, length of stay or 1 -year mortality, but a trend towards higher morbidity 

andd a longer length of hospital stay (LOS) was noted if surgery for hip fracture patients 

wass delayed beyond 1 calendar day from admission. An independent factor leading to 

higherr postoperative complication rate was age over 80 years. Independent factors 

leadingg to longer LOS were: the development of complications and discharge to 

residential/nursingg home. One year mortality was independently affected by age over 

800 years, admission from residential/nursing home and ASA class 3-4. 

Ann association between a delay to surgery of more than 1 day and the development of 

postoperativee complications has been shown in two prospective studies among 1178 
33 5 

andd 360 patients.'' A retrospective study of 8383 patients, however, did not show the 

associationn between higher morbidity and time to surgery in patients, who were operated 

afterr 48 hours from admission time. Our results showed a probable association between 

timee to surgery and postoperative complications only when considering time from 

admission.. After analysis of the time interval from date of injury to surgery, surprisingly, 

noo association between time to surgery and morbidity could be found. The exact time 

off  injury in hours remained uncertain and therefore the pre-admission interval was 

determinedd in days, which is a limitation of this study. As the present results do not 



1-yearr Mortality** 

Univariatee Multivariate 

P=0,066 6 
OR=0,34 4 

(0,12-0,96) ) 
P=0,0044 P=0,031 
ORR 0,21 OR 0,25 

(0,07-0,59)) (0,07-0,88) 

P=0,154 4 
OR=2,31 1 

(0,85-6,25) ) 
P=0,061 1 
ORR 3,10 

(1,07-9,00) ) 

showw any additional value for taking the pre-hospital interval into account, the 

calculationn of delay to surgery (in hours) from admission is preferable. The time 

periodd to surgery post-admission is also more relevant, as this period can be influenced 

byy medical and nursing management. 

Thee second probable association between delay to surgery beyond 1 day from admission 

andd longer LOS is consistent with statements that early surgery (within 24 hours from 

admissionn time) decreases LOS. ' When determining delay to surgery from date of 

injury,, no effect on LOS could be identified. Again, the additional value of taking the 

pre-hospitall  interval into account does not appear relevant. 

Noo association was found between delay to surgery from date of injury or date of 

admissionn and 1-year mortality, which is similar to results of the largest prospective 

andd retrospective reports. ' Others, including authors who adjusted for age, gender 

andd comorbidity, did demonstrate that delayed surgery beyond two days from admission 

timee increased the 6-month and 1 -year mortality rate. ' 

Inn the multivariate subanalysis healthier ASA class 1-2 patients had a 4 times less risk 

forr 1-year mortality if operated on within 1 day of admission. Higher ASA class 3-4 

patientss had a 3 times more risk for 1-year mortality (p=0.06) even if operated on 

withinn 1 day. The latter finding can probably be attributed more to their inherent co-



morbidityy than to surgical delay. This finding is supported by others, who have adjusted 

forr preoperative comorbid illness. 

Inn conclusion, this study found no independent, statistically significant effect of delay 

too surgery from the time of injury or the time of admission on the development of 

postoperativee complications, longer LOS or 1-year mortality. However, a probable 

associationn between a delay to surgery longer than 1 day from time of admission and 

higherr postoperative complication rate and longer LOS is likely. Despite other reports 

too the contrary, surgical delay did not affect 6-12 month mortality in thiss study. Operative 

delayy longer than 1 day post-admission increased infectious complications in a 

subanalysiss of ASA class 1-2 patients, who had 4 times less risk of 1-year mortality if 

operatedd within 1 day. Age over 80 years and ASA class both had stronger associations 

withh the clinical outcomes than time to surgery. In view of these results we recommend 

thatt hip fracture patients, who are able to undergo surgery, are likely to benefit from 

surgicall  treatment within 1 day of admission. 
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Abstract t 
-- The femoral neck fracture concept guideline was written over a 3 year period by a 

consensuss committee consisting of 3 general and trauma surgeons, 2 orthopaedic 

surgeons,, a geriatric physician, a nursing home physician, a physiotherapist and a 

representativee of a patient platform. Each physician had demonstrable clinical and 

scientificc expertise and had followed a training course for evidence —based development 

off  guidelines. The development of clinical practice guidelines was financially supported 

byy the Ministry of Health, Welfare and Sport. The guideline encompasses sections 

aboutt the diagnosis, classification, profile, treatment and rehabilitation of femoral 

neckk fracture patients. 

-- The femoral neck fracture can be diagnosed on an anterior-posterior radiograph of 

thee pelvis, including the proximal femurs, and a lateral radiograph of the affected 

hipp (Level 1). 

-- The femoral neck fracture may be classified into non-displaced or displaced (Level 3). 

-- Conservative management may be considered in the case of an undisplaced, impacted 

femorall  neck fracture in healthier (ASA 1-2 class) patients, regardless of age, who 

ambulantlyy visited the Emergency Depar tment or outpatient clinic. Operative 

managementt is indicated in patients with more co-morbidity and in all other cases. 

-- Internal Fixation (IF) or arthroplasty are both standard operations for the treatment 

off  displaced femoral neck fractures (Level 1). 

-- In displaced femoral neck fracture patients, Internal Fixation (IF) is likely to be justifiable 

inn mobile, healthier (ASA class 1-2) patients aged 65 to 80 years old, in whom revision is 

toleratedd and the revision rate may be considered acceptable. To achieve this, technically 

appropriatee fracture reduction and implant positioning is essential (Level 2). 

-- Arthroplasty (hemi- or total hip arthroplasty) is the treatment of choice in patients 

withh a displaced femoral neck fracture, which warrants operative treatment, in patients 

withh a lesser physiologic demand above 65 years old (ASA class 3), in patients where 

closedd reduction is suboptimal, and in all patients above 80 years old (Level 2). 

-- For immobile, cognitively impaired patients with a displaced femoral neck fracture, in 

whomm palliation (pain relief) the goal is of treatment, a percutaneous screw fixation 

techniquee as a minimally invasive intervention may be considered (Level 3). 

-- Thrombo-embolic and infectious prophylaxis should be given standardly (Level 1). 

Preventionn and recognition of delirium including early geriatric consultation, rapid 

mobilisationn with full weight-bearing, as much as patient discomfort wil l allow, and 

adequatee nutrition are likely to reduce the risk of postoperative complications (I.evel 2). 



-- As earlier discharge does not compromise prognosis the committee recommends that 

hipp fracture patient care be organized as a chain of guaranteed admissions to hospital, 

nursingg home, day-care and home care facilities depending on individual patient qualities. 

Thee hip fracture patient has an indication for the whole chain of care (Level 4). 

-- Implementation and effectiveness of the guideline will be measured in a sample of 

representativee hospitals by analyzing treatment before and after peer review and 

publicationn of the guideline. 

Introduction n 
Att the request of the Dutch Order of Medical Specialists, The Association of Surgeons 

off  the Netherlands started the development of clinical guidelines in 1999 on five 

subjectss with a subsidy from the Ministry of Health, Welfare and Sport. One subject 

wass the guideline for proximal femoral fractures in elderly patients over 65 years of 

age,, as 88% of hip fracture patients fall into this age category. In 2003,16900 patients 

withh proximal femoral fractures were treated clinically per year, with an expected increase 

inn incidence of 5% per year (http://www.prismant.nl, hospital statistics). 

Inn this article the concept guideline for the general management and more specific 

aspectss of femoral neck (intracapsular) fracture treatment is described. A second 

articlee will describe the guidelines for trochanteric (extracapsular) femoral fractures. 

Dependingg on the type of fracture and general condition a small percentage of patients 

cann be treated conservatively. In the vast majority operative intervention is indicated 

andd two types of treatment are currently available: internal fixation and arthroplasty. 

Duee to a shortage of nursing and rehabilitation home beds, the resocialisation and 

rehabilitationn of elderly hip fracture patients is suboptimal. Prior to injury 60% of 

patientss live semi-independent at home and 25%% in an old people's home, with partial 

dependencee on care. Patients in both these groups have trouble rehabilitating to their 

pre-injuryy level of function and is this is a cause of prolonged length of hospital stay 

andd wrong allocation of costs. The resting 15% of patients lives completely dependent 

inn a nursing home, to which they can be relatively quickly transferred postoperatively. 

Partt of the latter group will require only palliative therapy such as pain relief. 

Thee development of the femoral neck fracture guideline aimed to answer the following 

keyy questions: 

-- What is the most useful diagnostic test and fracture classification in daily practice? 

-- Which patient related factors at admission are important when determining form 

off  therapy? 
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-- Which therapeutic strategy is first choice (conservative, operative: internal fixation 

orr arthroplasty) within which timeframe? 

-- Which morbidity can be expected postoperatively? 

-- How should patients be managed postoperatively with regard to somatic, cognidve 

andd social recovery? 

Methods s 
Thee femoral neck fracture guideline was written over a 3 year period by a consensus 

committeee consisting of 3 general and trauma surgeons, 2 orthopaedic surgeons, a 

geriatricc specialist, a rehabilitation physician, a physiotherapist and a representative of 

aa patient platform. Each physician had demonstrable clinical and scientific expertise 

inn the area of hip fracture treatment and had followed a training course for evidence-

basedd development of guidelines. The Medline literature on diagnostic tests and 

therapeuticc interventions, which the committee found most relevant, was graded 

accordingg to Evidence-Based Medicine levels of evidence and formed the scientific 

foundationn of the guideline. The levels of recommendation proposed by the committee 

basedd upon the graded evidence are shown in table 1. 

Afterr development, the implementation and effectiveness of the guideline should be 

monitored.. The consensus committee therefore facilitated a pre-guideline descriptive study 

off  hip fracture treatment in a sample of representative hospitals in 2004, which wil l be 

completedd in 2005. The post-implementation effectiveness wil l be measured in 2007. 

Diagnosiss and fracture classification 
A nn anterior-posterior (AP) radiograph of the pelvis and a lateral radiograph of the 

injuredd hip wil l reveal a femoral neck fracture. An AP radiograph of the pelvis, 

includingg both proximal femoral shafts permits comparison with the contralateral 

femorall  neck and examination of the pubic bone, which is important when pain is 

present,, but a normal femur is seen. Where there is doubt regarding the diagnosis on 

plainn X-ray, we recommend repeating the plain radiographs 24-48 hours after admission 

(perhapss with additional views) or CT imaging of the hip. 

Thee Garden and the A O classification are the most frequently quoted in the literature. 

Duee to poor inter- and intraobserver reliability of both classifications, the femoral 

neckk fracture it is plausible that femoral neck fractures should be distinguished as 
2-5 5 

beingg either non-displaced (impacted) or displaced. 
AA femoral neck fracture is non-displaced if the angle of the medial trabeculae within 



Tablee 1. 

Levelss of evidence. 

Diagnosticc tests 

A11 Studies of the effect of a diagnostic test and clinical outcome with a control group, 
whichh utilise decision-making models or multivariate analysts to distinguish the additional 
valuee of the test compared to the reference test. 

A22 Studies of the effect of a diagnostic test and clinical outcome with a control group, 
whichh utilise pre-defined criteria, such as cut-off points for the new test and for the 
referencee test. In addition the study should be adequately powered and include 
consecutivee patients. The pre-defined criteria, the results and the gold standard 
referencee should be rated independently. 

BB Studies, which compare with the reference test, contain an adequate description of 
thee new test and the patient population without the level A criteria. 

CC Studies without controls 
DD Expert opinion 

Therapeuticc interventions 

A11 Meta-analyses, containing at least 2 randomised studies of A2 level. The results of the 
separatee studies should be consistent. 

A22 Randomised clinical trials of good methodological quality (randomised, blinded 
controlledd trials) with adequate power and consistency. 

BB Randomised clinical trials of lesser methodological quality or inadequate power. Other 

studiess with a control group (non-randomised: cohort studies, patient-control studies). 
CC Studies without controls 
DD Expert opinion 

Levell of recommendations 

11 Supported by at least 2 independently conducted level A studies: it has been 
demonstrateddemonstrated that, should... 

22 Supported by at least 2 independently conducted level B studies: it is likely or plausible 
that... that... 

33 Not supported by level A or B studies: there are indications that..., may be ... 
44 Based on expert/committee opinion: in the committees'/our opinion ...,we recommend 

thee femoral head and the medial femoral cortex is minimally 160° on the AP radiograph 

(figurel).. In our opinion, on the lateral radiograph the angle of the femoral head and 

shaftt should be between 10 degrees of retroversion and 5 degrees of anteversion. 

Femorall  neck fractures not meeting these criteria should be regarded as displaced. 

Onn the basis of this simplified classification, together with other patient related factors, 

aa treatment strategy may be chosen. If internal fixation is chosen, the fracture angle 



Figuree 1. AP radiograph of an impacted/non-displaced (a) versus a displaced femoral neck 
fracturee (b). 

Figuree 2. Classification according to Pauwels: fracture angle of the femoral neck and the 
horizontal.. This is determined on the intraoperative AP fluoroscopic image. 

II  I I  II I 

Typee I: Fracture line nearly perpendicular to the resultant compression force (C) up to 30 
degreess inclination from the horizontal. No shearing component is present. 
Typee II: Inclination of the fracture line surface varies from 30 to 50 degrees from the 
horizontal.. Fracture healing is compromised by a shearing stress (S). 
Typee III: Fracture surface is steeply inclined (> 50 degrees from the horizontal); shearing 
stresss is greater while compression forces are less. 



cann be measured under fluoroscopic imaging and classified according to Pauwels 1-2 

versuss Pauwels 3 (figure 2) after reduction as an additional classification in relation to 

implantt choice. 

Thee patient profile at admission 
Thee ASA classification should be determined at admission to determine anaesthesia 

andd operative risk (Level 1). It is also important to assess the mobility and dependence 

statuss at admission in the Emergency Department (ED) with the validated Parker and 
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Palmerr mobility score or the more detailed Barthel Index as this is likely to influence 

treatmentt strategy (Level 2). 

Cognitivee function should be assessed at admission with documentation of delirium 

andd level of consciousness (Level 1). Memory and orientation can be tested by asking 

name,, age and orientation in time, place and person, but a Mini Mental State 

Examinationn (MMSE) offers a more precise documentation of cognitive status. The 

prognosiss of level of rehabilitation and discharge location depends on these pre-

injuryy profiles assessed at admission. 

Thee committee refers to the Dutch Osteoporosis and the Prevention and Risk of 
111 19 

Fallss guidelines with respect to the management of osteoporosis and risk of falls. ' 

AA measurement of bone density should be considered in women over 50 years of age 

andd in all patients with a history of fractures above 50 years of age, which includes 

nearlyy all hip fracture patients. 

Theree are indications that the cause of the fall is important in assessing future risk of 

fallss and fractures. Physicians may distinguish between a "tripping' incident or a fall 

withh vertigo or loss of consciousness (CVA, TIA, cardiac rhythm problems) and assess 
11 ^ 

earlierr falls in the past year. 

Treatmentt strategy 
Thee flowchart in figure 3 shows an overview of recommended treatment strategy. 

Thee fracture classification and patient profile including age are utilised to facilitate the 

choicee between conservative functional treatment, internal fixation with femoral head 

retainmentt and primary arthroplasty with femoral head replacement. In non-displaced 

fractures,, risk factors such as mobility and ASA class, which increase the rate of 

secondaryy displacement, will play a role in determining conservative or operative therapy 

choice.. Internal Fixation (IF) and arthroplasty are both standard operations for the 

treatmentt of displaced femoral neck fractures (Level 1). Arthroplasty reduces the risk 
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Femorall Neck Fracture 

Nonn displaced 

Conservative e Operative e 

Internall Fixation 

Intraoperative e 

Classificationn (Pauwels) 

Screww fixation 

Age e 

Cognitivee status 

Functionall status 

Slidingg Hip Screw 

Displaced d 

Operative e 

Endoprosthesis s 

Hemiarthroplastyy Total Hip Arthroplasty 

Figuree 3. Flowchart of the management of femoral neck (intracapsular hip) fractures. 

off  revision, at the cost of more peri- en postoperative morbidity and possibly higher 

earlyy mortality. ' Osteoarthritis of the ipsilateral hip joint, pathologic fractures and 

rheumatoidd arthritis are generally accepted contra-indications for IF. 

Itt is plausible that patients should be offered the beneficial effect of operation within 

244 hours if they are able to undergo surgery. Life-threatening conditions should be 

treatedd prior to surgery. Other complicating conditions can be adequately treated within 

aa few days. There is no acute indication for surgery in patients older than 65 years of 
17 7 

agee in view of avascular necrosis or poor functional outcome. 
18 8 

Noo standard preference in the type of anaesthesia can be recommended (Level 1). 

Pressuree sores occur frequently during admission (30-50%). The use of pressure-

decreasingg mattresses following admission is likely to prevent the occurrence and 

advancee healing (Level 2) 
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Thee non-displaced fracture 
Conserva t i vee t rea tment: There are indications that conservative management 

mayy be chosen in ASA 1-2 class patients, regardless of age, with a non-displaced/ 

impactedd femoral neck fracture, who ambulandy visit the ED or outpatients clinic. 

Overall,, 70% of patients treated conservatively do not require operation. In patients 



overr 65 years of age with more than one serious condition (ASA 3-5 class) the risk of 

secondaryy instability is high and increases to nearly 80% with additional morbidity.20 

Primaryy operation is recommended in the latter group. The discussion about the optimal 

strategyy is clouded by the fact that an operation is a painful, stressful and emotional 

eventt for the patient together with a minor operation/anaesthesia risk. These objections 

too pre-emptive operation are not discussed in a report of supporters of pre-emptive 
200 21 operation.. ' Functional treatment consists of early mobilisation with 2 crutches 

andd partial (up to 20 kg) weight-bearing depending on patient discomfort until 8 

weekss post-injury. 

Operat iv ee t reatment: Operative fixation in those patients, in whom conservative 

treatmentt is not applicable, may be performed in a minimal invasive fashion. Two of 

threee cannulated screws may be inserted under fluoroscopic control, according to the 

three-pointt fixation principle shown in figure 7 (Level 3). 

Thee displaced fracture 
In terna ll  F i xa t io n ( IF) : We recommend closed fracture reduction using the 

fracturee table instruments or using the more specific Leadbetter manoeuvre with the 

hipp in flexion. In the AP view: reduction to a Garden index 160-180° (0-20 ° valgus 

off  the femoral head - figure 4) is likely to lead to better clinical outcome. We recommend 

correctionn of cephalocaudal shortening according to the Western Infirmary Glasgow 

(WIG)) angle shown in figure 5. 

Inn the lateral view we recommend optimal reduction to be between 5° anteversion to 10° 

off  retroversion, neither ante- nor retroversion being anatomic and optimal (figure 6). 

Inn fracture types with less inclination (Pauwels 1-2, <50°), cannulated screws according 

too the three-point fixation principle (figure 7) or a sliding hip screw (SHS) may be 

placedd in a subchondral position (5-10 mm distance from the subchondral cortex). It 

iss important to use the intact caudal and dorsal calcar as a support for the shaft when 

usingg cannulated screws. There are indications that a screw position in the ventro-

craniall  part of the femoral head should be avoided. 

Inn steeper fracture types (Pauwels 3, >50°, figure 3) we recommend a SHS with intrinsic 

angle-stabilityy positioned within the central to caudal part of the femoral head in the 

APP view and in the dorsal part in the lateral view (figure 6). Technically appropriate 

fracturee reduction and fixation are correlated with better clinical outcome.22'23 

Itt is likely that IF is justifiable in mobile, healthy (ASA 1-2 class) patients between 65 



Figuree 4. The original inverted radiographs of the hip showing the index to determine 
reductionn as proposed by Garden in 1974. In the AP view after reduction the optimal angle 
betweenn the medial cortex of the femoral shaft and the trabeculae in the head fragment is 
1655 . In the lateral view the central axis of the head and central axis of the neck 
shouldd lie in a straight line . 

Figuree 5. AP radiograph of the hip: Western 
Infirmaryy Glasgow (W.I.G.)-angle to determine 
thee cephalocaudal position of the femoral head. 
Thee angle between AB and BC is optimally 145 
-155  in the AP view. 
AA = center of the femoral head, B = midpoint 
off the fracture line of the femoral neck, 
CC = ridge at the base of the major trochanter. 

andd 80 years of age, in whom revisional surgery is tolerated and the risk of revision 

cann be considered as acceptable. To achieve this, technically appropriate fracture 

reductionn and implant positioning is essential. 
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Figuree 6. Postoperative lateral radiograph of 
thee hip with a sliding hip screw. The angle of 
ante-- or retroversion of the femoral head is 
determinedd by measuring the axis of the 
femorall neck and the line through the 
femorall apex and the center of the fracture. 
Upp to 5  of anteresion and 10  of 
retroversionn is allowed after reduction, 
dottedd lines (in this example there is 0  ante-
orr retroversion, straight line). 
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Inn immobile patients with dementia, in whom palliation (pain relief, nursing facilitated) 

iss the aim of therapy, minimally invasive IF may be performed irrespective of the 

factorss above 24 4 

Arthroplast yy An (antero-) lateral or posterior approach are both standard techniques 

too expose the hip joint (Level 1). ' The posterior approach may carry a higher 

chancee of postoperative dislocation. The (antero-)lateral approach, however, may lead 

too prolonged operative duration, more blood loss and postoperative wound infections. 

Theree is no standard recommendation with regard to the following specific aspects of 

implantt choice: cemented versus uncemented stem, unipolar versus bipolar 
27 7 

hemiarthroplastyy or hemi- versus total hip arthroplasty. 

Hemi-- or total hip arthroplasty is likely to be justifiable in ASA 3-4 class patients 

abovee 65 years, in all patients in whom reduction is not optimal and in all patients 

abovee 80 years of age, unless minimal invasive surgery for palliation is considered. 

Earlyy morbidity 
Thrombo-embolicThrombo-embolic complication. Thrombosis prophylaxis should be administered to prevent 

no no 

thiss complication, which conforms with national evidence based guidelines. 

WoundWound infection. Antibiotic prophylaxis should be administered 30 minutes before incision 

too reduce the risk of wound infection 29 9 



Figuree 7. AP and lateral radiograph of the hip after screw fixation: adequate cannulated 
screww positioning according to the three-point fixation principal (circles). First point: The 
screww thread offers fixation in the femoral head. Second point: the shaft of the lower 
ventrall screw is supported by the caudal calcar of the collum femoris; the shaft of the lower 
dorsall screw is supported by the dorsal calcar of the collum femoris. Third point: the head 
off the screw is fixated within the lateral femoral cortex. 

Delirium.Delirium. Delirium is a transient decrease in consciousness with attention, concentration 

andd perception deficits. An agitated (motoric restlessness) and quiet form of delirium 

cann occur (apathy, receded). Up to 60% of elderly hip fracture patients experiences 

deliriumm in the postoperative phase. It is often somatic in origin or caused by pre-

injuryy medication (egg. anticholinergics). The four basic principles for the prevention 

andd treatment of delirium are: avoidance of factors which cause or worsen delirium 

startingg at admission, identification and treatment of the somatic origin, implementation 

off  supportive measures and control of dangerous behaviour. Early consultation of a 

geriatricc specialist is likely to achieve these.' ' Delirium prolongs length of stay and 

increasess the risk of complications, mortality and permanent institutionalisation.32 

Wee recommend a pharmacological treatment of a neurolepticum in a low dosage 

(haloperidoll  0,25 mg to 0,50 mg by mouth of intravenously every 6 hours) if necessary 

supplementedd by a benzodiazepine. 



OtherOther postoperative complications: pneumonia, urinary tract infection and incontinence 

andd pressure sores. Rapid mobilisation, adequate nutrition, if necessary with 

supplementationn of oral protein and energy feeds and measures to prevent pressure 
33-35 5 soress (e.g. mattresses) are likely to reduce the risk of these complications. 

Postoperat ivee m a n a g e m e nt As long as no advantage of non- or partial weight-

bearingg management after internal fixation has been demonstrated, patients may be 

bestt off with as much weight-bearing mobilisation as discomfort allows. Full weight-

bearingg after arthroplasty is common practice in The Netherlands," although conclusive 

controlledd studies are not available. 

Inn non-displaced fractures we recommend outpatient follow-up every 2 weeks during 

thee 8-week partial weight-bearing period in mobile patients. Radiographs may be taken 

att follow-up if pain does not decrease, increases or returns (Level 3). In displaced 

fracturess with an uncomplicated course we recommend clinical and radiographic follow-

upp at 8 weeks, 1 year and 2 years after internal fixation as avascular necrosis usually 

developss within this period. After uncomplicated arthroplasty, follow-up depends on 

individuall  patient circumstances. 

Twoo systematic reviews have been published on the subject of early hospital discharge 
. . .. 37 38 inn combination with rehabilitation programmes already started during admission. ' 

Noo conclusive evidence was found to support that coordinated multidisciplinary care 

hass a beneficial effect on hip fracture patients in the long term. Differences in patient 

populations,, organisation and financing of health care make international comparison 

difficult . . 

Geriatric-orthopaedicc rehabilitation units are probably not cost-effective, but frail 

patientss may benefit through less chance of re-admission to hospital or definitive 

transferr to a nursing home. Geriatric hip fracture programmes that support patients at 

homee after early discharge (hospital at home) are more likely to be cost-effective as 

lengthh of stay is reduced and patients are discharged to their pre-injury 

accommodation. . 

Inn 1987 mean length of hospital stay of hip fracture patients was 29 days in The 

Netherlands.. Earlier discharge policy has led to more frequent temporary transfer to 

rehabilitationn units within nursing homes. This did not compromise mortality, 

functionall  recovery or quality of life. Mean length of hospital stay was reduced by 
CO O 

moree than 2 weeks (29 days to 13 days), but no differences in total cost were found. 

Wee recommend that length of hospital stay could be further reduced, without 



compromisingg clinical outcome, by organising hip fracture care according to a Stroke 

Unitt programme. In theory a Hip Fracture Service could entail: guaranteed admission 

too a specialized hip fracture unit in the hospital, clinical management by a team of 

anaesthetists,, (orthopaedic) surgeons, geriatric specialists and physiotherapists, a single 

patientt dossier, a protocol with a fixed time to discharge (e.g. 5 days postoperatively) 

andd guaranteed admission to a rehabilitation unit (somatic or psycho geriatric) in nursing 

homess or guaranteed care at home and/or day-care in nursing homes. In this way 

theree is a simplified chain of care: hip fracture patients have an indication for the 

wholee chain, which may take up to 3-4 months. 
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Summaryy and Conclusion 





Summary y 
Thee incidence of hip fractures in the Netherlands has increased from 15.300 in 1999 to 

17.5000 patients per year in 2003. The displaced femoral neck fracture (FNF), which 

representss about 40% of hip fracture types, has been named "the unsolved fracture" as 

discussionn continues about the optimal treatment modality in patients over 60 years. 

Thee two existing treatment strategies are internal fixation (IF), which spares the natural 

femorall  head and cartilage and arthroplasty, where the femoral head is replaced by an 

endoprosthesis.. Three meta-analyses pooling the data of 17 prospective randomised 

studiess on IF versus arthroplasty for displaced femoral neck fractures identified a trend 

towardss lower early mortality in IF patients. Duration of the operation, perioperative 

bloodd loss and risk of deep wound infection were lower in patients treated with IE 

Thesee benefits, however, came at die cost of significantly higher rates of operative 

revision:: 28-36% for IF versus 10-16% for arthroplasty. Some crucial factors affecting 

clinicall  outcome may be independent of die type of implant and instead depend on 

individuall  conditions. In the present thesis die patient related indications for different 

surgicall  procedures and rating of operative technique for die displaced FNF are studied. 

Chapterr  2 describes the results of a questionnaire amongst general surgeons with an 

interestt in traumatology in all university and a sample of 12 non-university hospitals 

inn the Netherlands. The questions inquired about the following aspects of their current 

surgicall  practice for the treatment of displaced FNF in patients aged 60-90 years: 

timingg of operation, indications for IF and arthroplasty, operative technique and 

postoperativee management. IF was performed within 24 and arthroplasty within 48 

hourss of hip trauma in 95% of hospitals. The protocolled indications for IF or 

arthroplastyy in university and non-university hospitals showed a wide variation, 

especiallyy in the definition of "biological" age limits for IF and arthroplasty. This 

reflectss the lack of studies demonstrating which patients may be treated optimally 

withh either treatment modality. Operative technique of IF and arthroplasty in the 

hospitalss was similar. Weight-bearing as tolerated postoperatively after IF and 

arthroplastyy was common practice in all university hospitals. 

Itt has previously been reported that treatment selection for IF or hemiarthroplasty for 

displacedd FNF patients with a Physiologic Status Score (PSS) treatment protocol led to 

revisionn rates of IF and hemiarthroplasty below 5%. The PSS protocol (maximum 26 

points)) quantified the five individual patient qualities of mobility (5 points), accommodation 

(5),, bone density (6), cognitive (5) and medical condition (5). Chapter  3 reports the 

prospectivee multi-center verification study of this promising preoperative selection 
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protocol.. In 10 participating hospitals 224 patients aged 60-90 years were included. If 

PSSS > 20 points, IF was performed and if PSS < 20, hemiarthroplasty. Bone density-

wass measured preoperatively with gold standard Dual Energy X-ray Absorptiometry 

(DXA) .. The sample size was powered to demonstrate an expected 10% reduction of 

I FF revision (35% to 25%) and hemiarthroplasty revision (16% to 6%) compared to 

meta-analysiss results. End points were revision, mortality and function. IF (PSS > 20) 

wass performed in 115 and hemiarthroplasty (PSS < 20) in 109 patients. The realized 

outcomee after 2 years was a 40% revision rate after IF and 3% after hemiarthroplasty. 

Twoo year mortality-was 16% in IF and 50% in hemiarthroplasty patients. After 2 years, 

functionall  outcome was comparable in successful and revised IF patients and both 

thesee groups demonstrated higher functional outcome than hemiarthroplasty patients. 

Technicall  failures of IF were identified by independent experts in 15 (14%) patients. 

Inn this verification study, application of the PSS did not improve decision-making in 

aa substantial way, which was not in line with the original PSS results. The PSS protocol 

didd realize a very low risk of HA revision within 2 years in more frail patients when 

comparedd to meta-analysis data, but did not realize a decrease of IF revisions in more 

healthyy and ambulatory patients. However, revision of appropriate IF is tolerated by 

activee patients (PSS > 20) aged 60-79 years. In the latter group revision (risk of 1 in 4) 

didd not affect mortality or functional outcome after 2 years. Above 80 years, even in 

patientss with a high functional demand, IF cannot be recommended as the revision 

riskk is nearly 1 in 2. 

Displacedd FNF's are considered to be a hallmark of osteoporosis. Bone density has 

beenn shown to correlate with the intrinsic stability of fracture fixation in several 

cadavericc and retrospective studies. Within the IF group of the PSS verification, an 

analysiss of the influence of femoral neck bone density on 2 year clinical outcome is 

describedd in chapter  4. Based on the DX A measurement, patients were divided into 

22 groups: osteopenia (66%) and osteoporosis (34%). Age, gender, delay to surgery, 

fracturee angle and type of implant were similar in both groups. Revision of IF to 

arthroplastyy was performed in 4 1% of osteopenic and 42% of osteoporotic patients. 

Morbidity,, mortality and function at 2 year follow-up were also similar. Clinical outcome 

off  IF for displaced FNF's therefore does not depend on bone density7. Preoperative 

D X AA is not useful as an independent predictor of outcome. 

Ann important analysis of the PSS study in chapter 3 was the technical rating of IF 

patientt radiographs by an independent expert panel as the quality of IF technique has 

beenn underreported in many randomized studies comparing IF with arthroplasty. For 
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clinicall  relevance technical rating should be reproducible. The previously unreported 

widthh of the intra- and interobserver agreement between clinicians in daily practice, 

whenn assessing the radiographs of reduced and Dynamic Hip Screw fixated displaced 

FNF'ss is the subject of chapter  5. The postoperative Anterior-Posterior (AP) and 

laterall  radiographs of 35 randomly selected patients aged 60-90 years from the PSS 

studyy were rated twice, 2 months apart, by six surgical observers with similar views on 

reductionn and DHS fixation for displaced femoral neck fractures. In a simulated 

environmentt of routine practice interobserver agreement was moderate (kappa — 

0.54)) on adequate fracture reduction in the AP view, but poor on adequate reduction 

inn the lateral view and adequate DHS fixation. Intraobserver agreement was good in c5 

3 3 
fivee out of six observers. | 

Whetherr independent expert rating of internal fixation technique correlated with clinical g 

outcomee at 2-year follow-up is the subject of chapter  6. All pre-, intra- and 1-2 day o 

postoperativee radiographs of IF patients in the PSS study were digitalised and rated £-

byy two experts, who were blinded to each other, to the hospital and to clinical and § 

radiologicall  outcome. If one or both raters assigned an inadequate rating, the case 

wass considered technically inadequate in the analysis. Ratings were divided into 3 

groups:: overall technique, fracture reduction and implant positioning. The clinical 

endpointss were failure of IF necessitating revision, postoperative complications and 

mortality.. Interrater agreement was good for overall technique, but moderate to poor 

forr fracture reduction and implant positioning. A significant correlation with 2 year 

clinicall  failure of IF was found for poor fracture reduction and poor overall technique 

rating.. The correlation between poorly rated implant positioning rating and IF failure 

wass not significant. Logistic regression demonstrated that inadequately rated AP (varus) 

reductionn was independently associated with 18-fold increased risk of clinical failure. 

Noo association between rating and complications was calculated. This result opens 

thee discussion about expert consultation for surgical performance during or early 

afterr IF for a displaced FNF. Although two experts may disagree, a single inadequate 

expertt rating should prompt at least consideration of a pre-emptive change in the 

choicee of therapy intraoperatively or early postoperatively. 

Inn chapter  7, a single institution retrospective study was undertaken to determine the 

associationn between time to surgery and the clinical endpoints of postoperative 

complications,, length of stay (LOS) and mortaility. The medical files of intra- and 

extracapsularr hip fracture patients over 55 years of age in 2000 and 2001 were reviewed. 

Uni-- and multivariate regression analysis was performed to determine any association 



betweenn the time interval to surgery and morbidity, LOS and 1-year mortality. A total 

off  192 patients managed operativelv for a hip fracture were analysed; 39 (20%) patients 

developedd 50 postoperative complications (23 infections). Mean LOS was 17 days and 

1-yearr mortal i ty was 2 5 %. A trend was identif ied towards less postoperat ive 

complicationss (p=0.064, multivariate regression, MR) and shorter LOS (p=0.088, MR) 

inn patients with a delay of less than 1 day from the time of admission to surgery. 

Theree was no association between surgical delay and 1-year mortality. Age over 80 

yearss (complications: p=0.001 MR, LOS: p=0.05 UR, mortality: p=0.04 MR) and 

ASAA class (complications: p=0.29 UR, LOS: p=0.07 UR, mortality: p=0.03 MR) had 

strongerr associations with the clinical outcomes than the time interval to surgery. 

Therefore,, no significant association could be found between delay to surgery and the 

clinicall  outcomes. However, considering the trends towards less complications and 

shorterr LOS, early surgery (within 1 day from admission) is likely to be beneficial for 

hipp fracture patients who are able to undergo operation. 

Thee results of the studies in this thesis contributed to the leve! 2 (for level of evidence 

grading,, see chapter 8 - table 1) scientific foundation of a recently developed concept 

clinicall  practice guideline. Chapter 8 summarizes this concept guideline developed 

overr a 3 year period by a consensus committee, which was formed by the Association 

off  Surgeons of the Netherlands (Nederlandse Vereniging voor Heelkunde) and the 

Dutchh Association of Orthopaedic Traumatology (Nederlandse Vereniging voor 

Orthopaedischee Traumatologic) for the treatment of femoral neck fractures in patients 

overr 65 years old. The consensus committee consisted of 3 general and trauma surgeons, 

22 orthopaedic surgeons, a geriatric physician, a nursing home physician, a physiotherapist 

andd a representative of a patient platform. Each physician had demonstrable clinical 

andd scientific expertise and all committee members had followed a training course for 

evidencee —based development of guidelines. The development of clinical practice 

guideliness was financially supported by the Ministry of Health, Welfare and Sport. The 

conceptt guideline encompasses recommendations about the diagnosis, classification, 

profile,, treatment and rehabilitation of femoral neck fracture patients: 

DiagnosisDiagnosis and classification 

-- The femoral neck fracture can be diagnosed on an anterior-posterior radiograph of 

thee pelvis, including the proximal femurs, and a lateral radiograph of the affected 

hipp (Level 1). 

-- The femoral neck fracture may be classified into non-displaced or displaced (Level 3). 
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PatientPatient profile and treatment choice 

-- Conservative management may be considered in the case of an undisplaced, impacted 

femorall  neck fracture in ASA 1-2 class patients, regardless of age, who ambulantly 

visitedd the Emergency Department or outpatient clinic. Operative management is 

indicatedd in patients with additional co-morbidity (Level 3). 

-- Internal Fixation (IF) or arthroplasty are both standard operations for the treatment 

off  displaced femoral neck fractures (Level 1). n 

-- In the case of a displaced femoral neck fracture Internal Fixation (IF) is likely to be 

justifiablee in mobile, healthier (ASA class 1-2) patients aged 65 to 80 years old, in 

whomm revision is tolerated and the revision rate may be considered acceptable. To cf 

achievee this, technically appropriate fracture reduction and implant positioning is | 
-̂-

essentiall  (Level 2). g 
a--

-- Arthroplasty (hemi- or total hip arthroplasty) is the treatment of choice in patients n 

withh a displaced femoral neck fracture, which warrants operative treatment, in patients 

withh a lesser physiologic demand above 65 years old (ASA class 3), in patients where 

closedd reduction is suboptimal, and in all patients above 80 years old (Level 2). 

-- For immobile, cognitively impaired patients with a displaced femoral neck fracture, 

inn whom palliation (pain relief) is the goal of treatment, a percutaneous screw fixation 

techniquee as a minimally invasive intervention may be considered (Level 3). 

InternalInternal Fixation technique 

-- In the anterior-posterior intraoperative view closed reduction of the femoral head 

fragmentt to a Garden index of 160-180° (reduction of the femoral head in 0-20° 

off  valgus) is likely to yield a better clinical result (Level 2). The committee recommends 

thatt the cephalocaudal shortening should be reduced to a Western Infirmary Glasgow 

anglee of 145-155° (Level 4). 

-- In the lateral view there are indications that closed reduction of the femoral head 

fragmentt to an anatomic position, with the center of the femoral head fragment in 

linee with the long axis off  the femur should be performed. A femoral head anteversion 

off  5° or a retroversion of 10° may still be acceptable (Level 3). 

-- Cannulated cancellous screws may be inserted according to the three-point fixation 

principlee (Level 3). 

-- The committee recommends that a compression hip screw should be inserted in the 

lowerr and dorsal part of the femoral head fragment (Level 4). 



ArthroplastyArthroplasty technique 

-- The (antero-) lateral or the posterior approach to the hip joint can both be performed 

forr the insertion of either a hemi- or a total hip arthroplasty (Level 2). 

-- There is no conclusive evidence for any preference of implant choice with regard to 

ann uncemented versus a cemented stem, unipolar versus bipolar hemiarthroplasty 

orr hemi- versus total hip arthroplasty for displaced femoral neck, fractures (Level 2). 

Rehabilitation Rehabilitation 

-- Thrombo-embolic and infectious prophylaxis should be given standard (Level 1). 

-- Prevendon and recognition of delirium including early geriatric consultation, rapid 

mobilisationn with full weight-bearing, as much as patient discomfort will allow under 

thee supervision of a physiotherapist, and adequate nutrition are likely to reduce the 

riskk of postoperative complications (Level 2). 

-- As earlier discharge does not compromise the prognosis, the committee recommends 

thatt hip fracture patient care be organized as a chain of guaranteed admissions to 

hospital,, nursing home, day-care and home care facilities depending on individual 

patientt needs. The hip fracture patient has an indication for the whole chain of care 

(Levell  4). 

Conclusion n 
InIn displaced femoral neck fracture patients a large variation in indications for internal 

fixationn (II7) or (hemi-)arthroplasty exists in the Netherlands. 

AA published and promising single-institution Physiologic Status Score (PSS) treatment 

protocoll  to aid in the selection of patients for either therapy could not be verified in 

aa prospective multi-center study. The PSS protocol does not influence decision-making 

inn a substantial way, as 2 year clinical revision rates of patients selected for IF are 

similarr to meta-analysis data. As previously claimed, the PSS protocol leads to a low 

revisionn rate in patients selected for hemiarthroplasty. Patients with a high PSS (> 20), 

agedd 60-79 years, can tolerate a 1 in 4 revision rate of appropriate IF without 

compromisingg the outcomes of complications, function or mortality. Older patients 

withh a high PSS have a 1 in 2 risk of revision. 

Femorall  neck and lumbar bone density, measured with gold standard DXA scanning 

ass part of the total PSS, does not influence clinical outcome of IF. Pre-operative 

DXAA scanning is not useful for therapeutic decision-making. 

Properr IF technique is essential to minimise the amount of revisions and rating of IF 



techniquee should be reproducible. Proper fracture reduction is more important than 

implantt type. During routine practice interrater agreement on reduction and fixation 

aspectss is moderate to poor. Expert rating of IF technique on intra- and postoperative 

radiographss correlates with 2 year clinical outcome and expert prediction of IF failure 

thereforee appears possible. A single inadequate expert rating of IF technique indicates 

aa problem could arise. 

Delayy to surgery of more than 1 day after admission does not significantly influence n 

clinicall  outcomes in femoral neck or trochanteric fracture patients, but in view of ^ 

trendss towards less complications and shorter length of stay, early surgery appears __ ^ 

beneficiall  for all hip fracture patients able to undergo operation. t 
3 3 

Thee concept Dutch clinical practice guideline for femoral neck fractures summarized § 
i-t t 

abovee will hopefully lead to more uniform evidence-based treatment in the Netherlands g 

afterr acceptance and implementation. Fewer differences in methodology and outcome n 

reportingg of local studies should also be achieved. g-
en n 

Inn future the subsets of patients that will benefit most from IF or (hemi-)arthroplasty | 

aree best identified through a large scale (international) collaborative type of study, 

whichh contains enough randomized patients over 60 years old to reliably stratify for 

alll  types of patient-related conditions. The addition of primary Total Hip Arthroplasty 

inn suitable patients should also be included as a treatment modality. Participating 

hospitalss in this type of study must adhere to strict IF and arthroplasty technique 

conditions,, which are checked by experts, to minimalise this major confounding factor. 

Patient-relatedd conditions significandy associated with clinical failure of therapy could 

bee weighted to compose an improved prediction rule of failure, which could then be 

prospectivelyy validated. 
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Nederlandsee Samenvatting en Conclusie 





Samenvatting g 
Dee jaarlijkse incidentie van heupfracturen is in Nederland van 15.300 in 1999 tot 

17.5000 patiënten in 2003 gestegen. De gedisloceerde mediale collum (DMC) fractuur, 

diee ongeveer 40% van het totale aantal heup fracturen vertegenwoordigt, is ooit de 

"onopgelostee fractuur"" genoemd wegens de voortdurende discussie over de optimale 

vormm van behandeling bij patiënten boven de 60 jaar. De twee toegepaste 

behandelmethodenn zijn interne fixatie (IF), waarbij de natuurlijke heup kop gespaard 

wordt,, en arthroplastiek, waarbij de heupkop wordt vervangen door een endoprothese. 

Driee meta-analysen, waarin de data van 17 prospectief gerandomiseerde studies over 

IFF versus arthroplastiek voor DMC fracturen zijn opgenomen, hebben een trend naar 

lageree vroege mortaliteit laten zien bij IF patiënten. De operatieduur, het perioperatieve 

bloedverliess en het risico op diepe wondinfecties waren lager bij IF patiënten. Deze 

voordelenn waren wel ten koste van een hoger aantal revisieoperaties: 28-36% voor IF 

versuss 10-16% voor arthroplastiek. Sommige cruciale factoren voor klinische uitkomst 

zijnn wellicht onafhankelijk van het type implantaat, maar meer afhankelijk van 

individuelee eigenschappen van de patiënt. In dit proefschrift worden de patiënt 

afhankelijkee indicaties voor de twee chirurgische behandelingen en beoordeling van 

operatievee techniek voor de DMC fractuur bestudeerd. 

Hoofdstukk 2 beschrijft de resultaten van een enquête onder chirurgen met 

aandachtsgebiedd traumatologic in alle academische en een steekproef van 12 niet 

academischee ziekenhuizen. In de enquête warden vragen gesteld over de volgende 

aspectenn van de huidige chirurgische praktijk van de behandeling van DMC fracturen 

bijj  patiënten van 60-90 jaar: tijd tot operatie, indicaties voor IF en arthroplastiek, 

operatievee techniek en postoperatief beleid. IF werd binnen 24 uur en arthroplastiek 

werdd binnen 48 uur na het ongeval verricht in 95% der ziekenhuizen. De 

geprotocolleerdee indicaties voor IF of arthroplastiek in academische en niet 

academischee ziekenhuizen liet een grote variatie zien, vooral in het definiëren van de 

"biologische""  leeftijdsgrens, waaronder voor IF en waarboven voor arthroplastiek 

wordtt gekozen. Dit weerspiegeld het gebrek aan studies, die aantonen welke patiënten 

mett welke van de twee behandelingen het beste af zijn. De operatieve techniek voor 

zowell  IF als arthroplastiek was in alle ziekenhuizen vergelijkbaar. Volledig belaste 

nabehandelingg op geleide van de pijn na zowel IF als arthroplastiek werd geadviseerd 

inn alle academische ziekenhuizen. 

Inn 1994 werd en studie gepubliceerd waarin de keuze tussen IF en hemiarthroplastiek 

(kophalss prothese) voor DMC fractuur patiënten met behulp van een zogenaamde 



"Physiologicc Status Score" (PSS, een gekwantificeerde score van lichamelijk en 

geestelijkee vitaliteit) behandelingsprotocol leidde tot revisiepercentages onder de 5% 

voorr beide soorten van behandeling. Het beschreven PSS protocol (maximum 26 

punten)) kwantificeerde vij f individuele patiënt gerelateerde kwaliteiten van mobiliteit 

(55 punten), woonsi tuat ie (5), botdichtheid (6), mentale status (5) en medische 

voorgeschiedeniss (5). Hoofdstuk 3 rapporteert de prospectieve multi-center verificatie 

studiee van dit veelbelovende pre-operatieve selectieprotocol. In 10 deelnemende 

ziekenhuizenn werden 224 patiënten van 60-90 jaar geincludeerd. Indien de PSS > 20 

puntenn was, werd IF verricht en indien de PSS < 20 was, werd hemiarthroplastiek 

(kophalss prothese) verricht. De botdichtheid werd preoperatief met gouden standaard 

methode,, Dual Energy X-ray Absorptiometry (DXA) , verricht. Het aantal te includeren 

patiëntenn werd zodanig berekend, dat een verwachte daling in het aantal revisieoperaties 

mett 10% ten opzichte van de meta-analyse resultaten significant kon worden 

aangetoond,, namelijk IF revisie van 35% naar 25% en hemiarthroplastiek revisie van 

16%% naar 6%. De eindpunten van de studie waren operatieve revisie, mortaliteit en 

functie.. IF (PSS > 20) werd verricht bij 115 en hemiarthroplastiek (PSS < 20) bij 109 

patiënten.. Na 2 jaar waren de gerealiseerde uitkomsten: 40% revisie na IF en 3% na 

hemiar throp last iek.. De 2 jaars mortal i teit was 16% bij de I F en 50% bij de 

hemiarthroplastiekk patiënten. De heupfunctie was zowel bij primair succesvolle als bij 

gereviseerdee I F pat iënten vergelijkbaar en beide groepen hadden een hogere 

functiescoree vergeleken met patiënten, die een hemiarthroplastiek hadden ondergaan. 

I FF techniek werd door 2 onafhankelijke experts inadequaat beoordeeld bij 15 (14%) 

patiënten.. In deze verificatie studie bleek dat toepassing van het PSS protocol niet 

wezenlijkk de besluitvorming tussen IF of arthroplastiek PSS verbeterde, wat niet in 

lij nn was met de oorspronkelijke PSS resultaten. Het PSS protocol realiseerde wel een 

zeerr laag risico op revisie van een hemiarthroplastiek bij minder vitale patiënten in 

vergelijkingg met meta-analyse resultaten. F,en vermindering in het aantal IF revisies in 

vitalee en ambulante patiënten werd niet gerealiseerd. Een subanalyse liet echter zien 

datt revisie van technisch juist uitgevoerde IF werd getolereerd door patiënten van 60-

799 jaar. In deze laatste groep had een revisieoperatie (risico van 1 op 4) geen effect op 

dee mortaliteit of heupfunctie na 2 jaar. Boven de 80 jaar kan IF niet worden aanbevolen, 

zelfss bij vitale patiënten met hoge functionele eisen (risico van bijna 1 op 2). 

D M CC fracturen worden beschouwd als een teken van osteoporose. In meerdere kadaver 

enn retrospectieve klinische studies correleerde de botdichtheid met de intrinsieke 

stabiliteitt van de fractuur fixatie. In de IF groep van de PSS verificatie studie in 
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hoofdstukk 3 wordt in hoofdstuk 4 een analyse verricht naar de invloed van de 

botdensiteitt van de femurhals (collum femoris) op het klinische resultaat van IF na 2 

jaar.. Gebaseerd op de botdichtheidmetingen werden de patiënten ingedeeld in 2 

groepen:: osteopenie (66%) en osteoporose (34%). Leeftijd, geslacht, tijd tot operatie, 

fractuurr hoek (Pauwels type) en type implantaat waren vergelijkbaar in beide groepen. 

Revisiee van IF naar arthroplastiek werd verricht in 41% van de patiënten met osteopenie 

enn 42% van de patiënten met osteoporose. De morbiditeit, mortaliteit en de heupfunctie 

warenn na 2 jaar in beide groepen eveneens vergelijkbaar. Het klinische resultaat van IF 

voorr DMC fracturen is niet afhankelijk van botdichtheid. De preoperatieve 

botdichtheidmetingg met een DXA scan is daarom niet bruikbaar als een onafhankelijke 

maatt om de klinische uitkomst te voorspellen. 

Eenn belangrijke subanalyse van de PSS studie in hoofdstuk 3 was de technische 

beoordelingg van de röntgenfoto's van IF patiënten door een onafhankelijk panel van 

experts.. De kwaliteit van IF techniek wordt onvoldoende belicht in de gerandomiseerde 

studiess die IF met arthroplastiek voor DMC fracturen vergelijken. Om klinisch relevant Jj 

tee zijn dient technische beoordeling reproduceerbaar te zijn. De nog niet gerapporteerde 3 

breedtee van de intra- en interobserver overeenkomst tussen (orthopaedisch) chirurgen a 
E" " 

inn de dagelijkse praktijk bij het beoordelen van röntgenfoto's van IF voor DMC fracturen ~ 

iss het onderwerp van hoofdstuk 5. De postoperatieve anterior-posterior (AP) en laterale 

röntgenfoto'ss van 35 willekeurige patiënten van 60-90 jaar uit de PSS studie, die met 

eenn DHS (glijdende heupschroef) behandeld waren, werden geselecteerd. Deze 

röntgenfoto'ss werden tweemaal, met een interval van 2 maanden, beoordeeld door zes 

chirurgenn met vergelijkbare opvattingen over repositie en DHS fixatie. In een 

gesimuleerdee dagelijkse praktijk omgeving was de interobserver overeenkomst matig 

(kappaa = 0.54) voor adequate fractuur repositie op de AP opname, maar slecht voor 

adequatee repositie op de laterale opname en voor adequate DHS fixatie. De 

intraobserverr overeenkomst was goed bij 5 van de 6 chirurgische beoordelaars. 

Dee correlatie tussen de beoordeling van IF techniek door experts en de klinische 

uitkomstt na 2 jaar is het onderwerp van hoofdstuk 6. All e pre-, intra- en 1-2 dagen 

postoperatievee röntgenfoto's van IF patiënten uit de PSS studie werden gedigitaliseerd 

enn beoordeeld door 2 experts, die geblindeerd waren voor elkaar, voor het ziekenhuis 

vann behandeling en voor de klinische uitkomst. Indien één of beide experts een 

inadequatee beoordeling gaf voor techniek werd de casus tijdens de analyse als technisch 

inadequaatt beschouwd. De beoordelingen werden ingedeeld in 3 groepen: de gehele 

techniek,, de fractuurrepositie en de positie van het implantaat. De klinische eindpunten 



warenn operatieve revisie van IF, postoperat ieve complicaties en mortaliteit. De 

interobserverr variatie was goed voor de gehele technische beoordeling, maar matig tot 

slechtt voor fractuurrepositie en implantaat positie. Een significante correlatie met 

klinischh falen van IF na 2 jaar werd gevonden voor inadequate fractuurrepositie en 

inadequatee beoordeling van de gehele technische uitvoering. De correlatie tussen 

inadequatee positie van het implantaat (schroef, DHS) en klinisch falen na 2 jaar was 

niett significant. Een logistieke regressieanalyse toonde aan dat inadequate repositie op 

dee AP opname (repositie in varus) een onafhankelijk verband had met een 18 maal 

verhoogdd risico op klinisch falen van IE Er werd geen verband aangetoond tussen 

eenn inadequate techniek en postoperatieve complicaties. Deze bevinding kan aanleiding 

zijnn tot een discussie over het consulteren van een expert tijdens of vroeg na IF om de 

chirurgischee techniek te beoordelen, Hoewel 2 experts het niet eens kunnen zijn over 

dee techniek, zou een enkele inadequate beoordeling aanleiding moeten zijn om op zijn 

minstt een verandering van therapie intra- of vroeg postoperatief te overwegen.. 

Inn hoofdstuk 7 wordt een retrospectieve studie verricht om het verband tussen tijd 

tott operatie en de klinische eindpunten van postoperatieve complicaties, opnameduur 

enn mortaliteit te onderzoeken. De relevante gegevens uit de statussen van patiënten 

mett een intra- of extracapsulaire heupfractuur, die in 2000 en 2001 in één ziekenhuis 

werdenn behandeld, werden in een database ingevoerd. Een uni- en multivariate 

regressieanalysee werden verricht om enig verband tussen het tijdsinterval tot chirurgie 

enn morbiditeit, opnameduur en de mortaliteit na 1 jaar te bepalen. In totaal werden 

1922 patiënten, die operatief behandeld waren voor een heupfractuur geanalyseerd; 39 

(20%)) pat iënten ontwikkelden 50 postoperatieve complicaties (23 infecties). De 

gemiddeldee opnameduur was 17 dagen en de mortaliteit na 1 jaar was 25%. Fxn trend 

werdd gevonden naar minder postoperatieve complicaties (p=0.064, multivariate 

regressie,, MR) en kortere opnameduur (p=0.088, MR) bij patiënten, die binnen I dag 

werdenn behandeld gerekend vanaf opname in het ziekenhuis. Er werd geen verband 

gevondenn tussen tijd tot chirurgie en mortaliteit na 1 jaar. Leeftijd boven de 80 jaar 

(complicaties:: p=0.001 MR, opnameduur: p=0.05 UR, mortaliteit: p=0.04 MR) en 

ASAA klasse (complicaties: p=0.29 UR, opnameduur: p=0.07 UR, mortaliteit: p=0.03 

MR)) had een sterker verband met de klinische uitkomsten dan het tijdsinterval tot 

chirurgie.. Er werd derhalve geen significant verband gevonden tussen tijd tot chirurgie 

enn de 3 klinische uikomsten. Echter, gezien de trends naar minder complicaties en 

korteree opnameduur, is vroege chirurgie (binnen 1 dag vanaf opname) waarschijnlijk 

beterr voor heupfractuurpatiënten die chirurgie kunnen ondergaan. 



Dee resultaten van de studies uit dit proefschrift hebben een bijdrage geleverd aan de 

niveauu 2 (zie hoofdstuk 8 - tabel 1) wetenschappelijke basis van de concept richtlijn 

vann de Nederlandse Vereniging voor Heelkundee (NVvH) en de Nederlandse Vereniging 

voorr Orthopaedische Traumatologic (NVOT) voor de behandeling van de mediale 

collumm fractuur bij de oudere mens. Hoofdstuk 8 geeft een samenvatting weer van 

dezee concept richtlijn, die gedurende een periode van 3 jaar door een consensus 

commissie,, ingesteld door de NVvH en de NVOT, werd ontwikkeld. De commissie 

wass samengesteld uit 3 chirurg-traumatologen, 2 orthopaedisch chirurgen, een geriater, 

eenn verpleeghuisarts, een fysiotherapeut en een vertegenwoordiger van een . ,, 

patiëntenvereniging.. Iedere medisch specialist had aantoonbare klinische en 

wetenschappelijkee expertise en alle commissieleden hadden een cursus gevolgd voor 

evidencee —based richtlijnontwikkeling. De ontwikkeling van de richtlijn werd financieel 

ondersteundd door het Ministerie van Volksgezondheid, Welzijn en Sport. De concept 

richtlijnn bevat aanbevelingen voor de diagnose, classificatie, profiel, behandeling en 

rehabilitatiee van mediale collum fractuur patiënten: j | 

DiagnoseDiagnose en classificatie 

-- De diagnose van een mediale collum fractuur kan worden gesteld op een anterior-

posteriorr röntgenopname van het bekken, inclusief beide proximale femora, en een 

lateralee röntgenopname van de voor fractuur verdachte heup (Niveau 1). 

-- De mediale collum fractuur kan geclassificeerd in niet gedisloceerd of gedisloceerd 

(Niveauu 3). 

PatiëntPatiënt profiel en keu^e van behandeling 

-- Conservatieve behandeling kan overwogen worden bij ASA 1-2 klasse patiënten, 

ongeachtt leeftijd, met een niet gedisloceerde, geinclaveerde mediale collumfractuur, 

diee ambulant de Spoedeisende Hulp of de polikliniek konden bezoeken. Men kan 

operatieff  behandelen bij patiënten met meer co-morbiditeit (Niveau 3). 

-- Interne Fixatie (IF) of arthroplastiek zijn beide standaard operaties voor de 

behandelingg van de gedisloceerde mediale collumfractuur (Niveau 1). 

-- In het geval van een gedisloceerde mediale collumfractuur is het aannemelijk dat 

internee fixatie (IF) verricht kan worden bij mobiele, gezondere (ASA 1-2 klasse) 

patiëntenn tussen de 65 en 80 jaar, bij wie een revisieoperatie wordt getolereerd en 

hett revisiepercentage als acceptabel kan worden beschouwd. Om dit te bereiken is 

technischh een optimale fractuurrepositie en implantaat positionering essentieel. 

a. . 



-- Arthroplastiek (hemi- of totale heuparthroplastiek) zou toegepast moeten worden 

bijj  patiënten met een gedisloceerde mediale collumfractuur, die operatief behandeld 

dientt te worden, bij patiënten met een verminderde vitaliteit boven de 65 jaar (ASA 

klassee 3), bij patiënten met een suboptimale gesloten repositie, en bij alle patiënten 

bovenn de 80 jaar (Niveau 2). 

-- Voor immobiele, cognit ief slechte pat iënten met een gedisloceerde mediale 

collumfractuur,, bij wie palliatie (pijnstilling) het doel van de behandeling is, kan 

percutanee schroeffixatie als een minimaal invasieve interventie overwogen worden 

(Niveauu 3). 

InterneInterne Fixatie techniek 

-- Op de anterior-posterior peroperatieve opname is het aannemelijk dat gesloten 

repositiee van het femurkopfragrnent tot een Garden index van 160-180° (0—20 ° 

valguss repositie van de femurkop) leidt tot een beter klinisch resultaat (Niveau 2). 

Dee commissie is van mening dat gesloten repositie van de cephalocaudale verkorting 

tott een Western Infirmary Glasgow hoek van 145-155° gecorrigeerd moet worden 

(Niveauu 4). 

-- Op de laterale peroperatieve opname kan gesloten repositie van het femurkop-

fragrnentt tot een anatomische stand verricht worden, waardoor het centrum van de 

femurkopp in lij n is met de as van het femur. Een anteversie van de kop tot 5° of 

retroversiee tot 10° is wellicht nog acceptabel (Niveau 3). 

-- Gecannuleerde schroeven kunnen ingebracht worden volgens het driepuntsfixatie 

principee (Niveau 3). 

-- De commissie is van mening dat een glijdende heupschroef in het caudale en dorsale 

deell  van de femurkop moet worden ingebracht (Niveau 4). 

ArthroplastiekArthroplastiek techniek 

Hett is aannemelijk dat de (antero-) laterale of de posterieure benadering van het 

heupgewrichtt beide kunnen worden toegepast voor de insertie van een endoprothese 

(Niveauu 2). 

Err is geen aannemeli jk bewijs voor een voorkeur in behandel ing tussen een 

ongecementeerdee en een gecementeerde endoprothese, een unipolaire versus een 

bipolairee kophals prothese of een kopbal prothese versus een totale heup prothese 

voorr gedisloceerde mediale collum fracturen (Niveau 2). 



Rehabilitatie Rehabilitatie 

-- Thrombo-embolische en infectieuze profylaxe dienen standaard toegediend te worden 

(Niveauu 1). 

-- Het is aannemelijk dat preventie en herkenning van delier inclusief een vroeg 

geriatrischh consult, snelle volledig belaste mobilisatie op geleide van de klachten 

onderr supervisie van een fysiotherapeut, en adequate voeding het risico op 

postoperatievee complicaties vermindert. (Niveau 2). 

-- Aangezien vroeger ontslag de prognose niet nadelig beïnvloedt, is de commissie van 

meningg dat de zorg rondom de heupfractuurpatiënt georganiseerd kan worden als 

eenn keten van gegarandeerde ziekenhuisopname en toegang tot verpleeghuis-, 

dagbehandeling-- en thuiszorgfacilititeiten afhankelijk van de individuele 

patiëntbehoeften.. De heupfractuurpatiënt heeft een indicatie voor deze hele keten 

vann zorg (Niveau 4). 

Conclusie e 
Err bestaat in Nederland veel variatie in de indicaties voor interne fixatie (IF) of (hemi-) 

arthroplastiekk bij patiënten met een gedisloceerde mediale collum fractuur. 

Eenn gepubliceerde en veelbelovende Physiologic Status Score (PSS) behandelings-

protocoll  uit één instituut, met het doel om een betere keuze te kunnen maken tussen 

dee beide behandelingsvormen, kan niet worden gevalideerd in een prospectieve multi-

centerr studie. Het PSS protocol beïnvloedt de besluitvorming niet substantieel, omdat 

hett 2 jaars revisiepercentage van patiënten, die geselecteerd werden voor IF, vergelijkbaar 

iss met meta-analyse resultaten. In overeenstemming met de oorspronkelijke publicatie, 

leidtt het PSS protocol wel tot een laag aantal revisies bij patiënten, die geselecteerd 

werdenn voor hemiarthroplastiek. De patiënten met een hoge PSS (> 20), van 60-79 

jaar,, kunnen een 1 op 4 kans op revisie van technisch juist uitgevoerde IF verdragen 

zonderr nadelige gevolgen voor de morbiditeit, functie of mortaliteit. Oudere patiënten 

mett een hoge PSS hebben een 1 in 2 kans op revisie. 

Dee botdichtheid van de femurhals en de lumbale wervelkolom, gemeten met gouden 

standaardd DXA scanning als onderdeel van de totale PSS, heeft geen invloed op de 

klinischee uitkomst van IE Het pre-operatief meten van de botdichtheid is niet bruikbaar 

voorr besluitvorming over de behandeling. 

Dee juiste IF techniek is essentieel om het aantal revisies te minimaliseren en de 

beoordelingg van IF techniek moet reproduceerbaar zijn. Juiste repositie van de fractuur 

iss belangrijker dan het type implantaat ter fixatie. In de dagelijkse praktijk is de 



interobserverr overeenkomst voor repositie en fixatieaspecten matig tot slecht. De 

beoordelingg van IF techniek op de intra- and postoperatieve röntgenfoto's door experts 

correleertt met de 2 jaars klinische uitkomst en experts blijken dus het falen van IF te 

kunnenn voorspellen. Een enkele inadequate beoordeling van IF techniek door een 

expertt geeft aan dat er een probleem kan ontstaan. 

Uitstell  tot operatie van langer dan een dag vanaf opname heeft geen significante invloed 

opp klinische uitkomst bij mediale collum of pertrochantere fractuur patiënten. Echter, 

gezienn de trends naar minder complicaties en kortere opnameduur, heeft vroege chirurgie 

waarschijnlijkk de voorkeur bij heupfractuurpatiënten die chirurgie kunnen ondergaan. 

Naa acceptatie en implementatie zal de concept richtlijn voor mediale collum fracturen, 

diee hierboven is samengevat, hopelijk leiden tot een meer uniforme evidence-based 

behandelingg in Nederland. Er zal dan ook minder verschil in methodologie en het 

rapporterenn van uitkomsten kunnen ontstaan. 

Inn de toekomst kan de identificatie van de subgroepen van patiënten boven de 60 jaar, 

diee de meeste baat hebben bij IF of (hemi-)arthroplastiek, het beste uitgevoerd worden 

doorr grootschalige (internationale) samenwerking aan een studie, die genoeg 

gerandomiseerdee patiënten bevat om betrouwbaar te kunnen stratificeren voor alle 

individuelee factoren. Bij de randomisatie moet de primaire totale heup arthroplastiek 

alss behandelingsmodaliteit worden toegevoegd. Om technische bias te minimaliseren 

dienenn deelnemende ziekenhuizen zich te houden aan strikte voorwaarden voor IF of 

arthroplastiekk techniek, die wordt gecontroleerd door experts. De individuele factoren, 

diee significant geassocieerd zijn met het klinisch falen van de therapie kunnen dan na 

wegingg eventueel gebruikt worden om een verbeterde voorspellende regel voor falen 

samenn te stellen, die daarna prospectief gevalideerd kan worden. 
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Studyy background 

T h ee femoral n e ck fractur e Half of the fractures of the hip are located in the 

proximall  femoral neck. These intracapsular fractures are usually caused by a fall from 

standingg position. They bear the most significant clinical implications. First, the fracture 

linee runs almost parallel to the direction of all combined forces of muscle contraction 

andd gravity. Secondly, at the intraarticular site of the fracture there is no cambium 

layerr within the bone cortex, which is indispensible for periostal callus formation. 

Moreover,, there is a high risk of damage to the arterial supply to the femoral head, . .. 

whichh runs very near the surface of the femoral neck and head. After fracture, perfusion TJ 
n n 

off  the head may be compromised and explains the avascular necrosis after reduction &. 
andd internal fixation. -1 

Interna ll  fixation versus hemiar throp last y In Lu-Yao's elaborate metanalysis 

off  appropriate studies published between 1975 and 1990 only five comparative reports 

weree included. They concluded that the risk of reoperation within two years after the 

initiall  treatment was 2.5 times higher in patients with internal fixation than those with 

aa hemiarthroplasty. Concerning mobility, the metanalysis showed a benefit for 

hemiarthroplastyy over internal fixation, but this was not significant. The deficiencies 

inn the design of most studies weakens these conclusions. Of great concern is the 

selectionn bias toward internal fixation in patients who have a poorer overall prognosis. 

Inn addition few authors are specific in their indication for age. 

Att the end of the nineties, there is littl e discussion about the indication for primary 

internall  fixation for undisplaced and displaced fractures of the femoral neck in young 

adults.. In patients older than the age of 85, (hemi)arthroplasty is the widely accepted 

treatmentt due to the high incidence of failure after internal fixation. The issue of the 

mostt optimal and efficient treatment in the group of patients between the ages of 60 

andd 90, however, remains controversial. 



Studyy design 

M o t i v a t i o nn What can we do to improve the outcome of femoral neck fractures? 

Manyy of the crucial factors are completely independant of the repair of the fracture 

andd instead depend on general prefracture conditions. Studies in the past have randomly 

comparedd results of internal fixation and arthroplasty, but have failed to generate 

agreementt of which method to choose for individual cases. Mostly only age is used as 

aa prefracture criterium, and there is no general consensus of treatment between 60 

andd 90 years of age. Robinson et al developed a scoring system to quantify the true 

physiologicc status of an individual patient between 65 and 85 years of age. Their 

prospectivee study centered on five main issues in the prefracture condition: mobility, 

accomodation,, osteoporosis, cognition and medical condition. Statistical evaluation 

revealedd significant differences between the two groups of patients in each of the five 

components,, and each of the parameters would therefore appear to be valid. They 

concludedd that the developed Physiologic Status Score (PSS) was a useful guide 

determiningg the appropriate treatment. In 42% of patients between 65 and 85 years 

off  age with a high PSS (active and ambulatory patients), internal fixation was well 

justifiedd at 21 months follow-up. There was a low incidence in fracture related 

complications,, with 5% of the total group needing reoperation for infection, internal 

fixationn failure and prosthetic dislocation. In the PSS, osteoporosis is measured by the 

Singhh index. Koot et al studied the reliability of the Singh index compared with dual-

energyy X-ray absorptiometry. A very large interobserver variation was found. 

Thee general opinion in surgical practice today is that patients are best off with a 

healedd femoral neck fracture, their own femoral head and no avascular necrosis. We 

considerr the PSS to be a promising strategic refinement of the prefracture condition 

leadingg to better results in internal fixation and hemiarthroplasty, with less revisions 

andd so less cost to medical, social and rehabilitation resources. 

Thee proport ion of the Dutch population of 60 years and over is rapidly increasing 

andd the number of 17.000 hip fractures a year (50% of which are fractures of the 

femorall  neck) is expected to at least double by 2030. The impact on resources needed 

wil ll  be huge. In our opinion the strategies of osteosynthesis and endoprosthesis can 

bee refined, our primary goals being less revisions, better functional outcome and less 

usee of expensive resources. 



Objec t iv ee The objective of this study is to assess the validity of the Physiologic 

Statuss Score as a strategic preoperative factor in making a choice between internal 

fixationn and hemiarthroplasty. We hope to reduce the number of revisional procedures 

inn patients with a fracture of the femoral neck. 

H y p o t h e s iss In a group of patients between 60 and 90 years old with a fracture of 

thee femoral neck, patients assessed using the Physiologic Status Score and then treated 

withh internal fixation or hemiarthroplasty will have less need for revisional procedures 

andd therefore better functional outcome in the first two postoperative years. 

D e s i gnn Prospective, multi-center trial 

S u m m a ryy Consecutive patients between 60 and 90 years old presenting to the 

emergencyy department with a displaced (Garden III/IV ) fracture of the femoral neck 

cann be included. 

Thee Physiologic Status Score (PSS) is used as a decisive criterium for internal fixation 

orr hemiarthroplasty. 

Thee osteoporosis component of the PSS as described by Robinson (using the Singh 

index)) has been modified. Osteoporosis measurement will be done preoperatively by 

dual-energyy X-ray absorptiometry (DXA scan). 

Operationss are performed by general surgeons, orthopaedic surgeons and resident 

surgeonss under supervision with experience in both treatment modalities. Patients are 

includedd in one year and followed for a minimum of two years. Measurements are 

donee by dual-energy X-ray absorptiometry (Dexa scan), plain X-ray evaluation, physical 

examinationn and current status evaluation on case report forms. The suggested follow-

upp intervals are 8 weeks, 1 year and 2 years postoperatively. 

Durat io nn The inclusion of patients for the trial is planned to start from June 1st, 2000. 

Collectionn the sample size will take approximately one year. Follow-up of the last patients 

willl  therefore take place in May 2003. Final results are expected by December 2003. 

R e q u i r e m e n tss At the moment we estimate to need the cooperation of 10 

participatingg centers (both university and district) with staff and residents experienced 

withh both procedures. If each center includes 25 patients, the sample size can be 

collectedd in one inclusion year. 
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I nn addition, participating centers need to have a facility to perform the preoperative 

dual-energyy X-ray absorptiometry scans. 

DXAA scanning in the P.S.S. treatment group The results of dexa scanning 
aree given as a standard deviation compared with normal bone density. This standard 

deviationn is either normal or abnormal for age. The non-fractured collum femoris is 

measuredd for the density of cortical bone and the lumbar vertebrae 1 to 4 (representative 

vertebrae,, no fractured or impressed vertebrae) are measured for trabecular bone density. 

Thee position of the non-fractured leg in endorotation is standard. The actual scan 

takess about ten minutes. Extra radiation for the patient is minimal: 2,0 microSievert 

( W H OO classification group I). 

S e l e c t i onn c r i t e r i a Al l patients presenting with a displaced fracture of the femoral 

neckk are eligible for inclusion in this trial. 

InclusionInclusion criteria: 

Agedd between 60 and 90 years old 

Displacedd femoral neck fracture (Garden II I and IV) , no trochanteric fractures 

ExclusionExclusion criteria: 

UndisplacedUndisplaced femoral neck fractues 

Impacted,, Pauwels I, Garden I type fractures 

FracturesFractures of the femoral neck older than 1 week 

Patientss should be operated preferably within 48 hours, but fractures up to 1 week 

oldd can be included. 

Arthrosis Arthrosis 

Patientss with advanced arthrosis of the hip joint (aside from the fracture), who 

wouldd normally be treated by total hip replacement. 

Diagnosticc signs on plain X-ray: subchondral sclerosis, narrowing of the articular 

cleft,, formation of osteofytes and subchondral cyst formation. 

VJjeumatoidVJjeumatoid arthritis 

Patientss with established rheumathoid arthritis or showing signs of this disease on 

plainn X-ray are recommended to receive total hip replacement. 

PathologicalPathological fracture 

Patientss with a spontaneous fracture after a comparatively minor trauma who show 



signss of osteolysis at the fracture sight on plain X-ray are not eligible. 

PreoperativePreoperative immobility 

Patientss who were already bed-ridden or bed-chair commuters before the fracture 

aree not eligible. 

-- Invalidity due to neurologic disease 

Patientss with M. Parkinson or CVA, who are immobile. 

I n c l us i onn mon i t o r i n g Inclusion of eligible patients must be reported to the 

investigatorss by telephone. A special telephone number will be available for this purpose 

244 hours a day. The treating physician provides the following information: patient 

initials,, gender, date of birth and the side of the fractured hip. Furthermore, inclusion 

andd exclusion criteria will be checked and questions regarding inclusion can be answered. 

Thee treating physician is then provided with a case report number. 

TreatmentTreatment specifics 

Generall  requirements. 

-- Consent Committee on Ethics of the Academic Medical Center 

Pre-operativePre-operative requirements 

Antibioticc prophylaxis may be administered according to hospital policy. The 

regimenn should be recorded upon completion of recruitment of the participating 

centers. . 

Recommendation:: 2 grams Rocephin i.v., 30 minutes before incision. 

Anticoagulationn treatment details are again left to hospital policy or treating 

physicianss own preference as long as they are recorded before the trial starts. 

Recommendation:: Fraxiparine 7500 IU s.c. daily. 

-- Traction of the fractured leg is not necessary. 

Opera t i onn Before internal fixation, adequate reduction of displaced fractures of 

thee femoral neck must take place. Inadequate reduction is a major risk factor in avascular 

necrosiss and unstable fixation. 

Thee CCD angle on the intraoperative image intensified pictures should be between 

1300 and 150 degrees in the AP view. In the lateral view optimal reduction is achieved 

whenn the anteversion angle is between 0 and 10 degrees, in which 0 degrees represents 

thee long axis of the femoral shaft. Retroversion up to 20 degrees is acceptable. 



I nn terms of the Garden Index the angle in the AP view should be between 160 and 

1800 degrees and in the lateral view between 165 and 190 degrees. 

Surgicall  approach and technique should be standard. Cementing of an endoprosthesis 

stemm is mandatory. 

Displacedd Pauwels I or II type fracture: 

-- preferably cannulated cancellous bone screws or 

Dynamicc Hip Screw 

Displacedd Pauwels II I type fracture: 

-- preferably Dynamic Hip Screw 

-- For hemiarthroplasty: All current cemented prostheses 

Post-operative Post-operative 

Regardingg amount of pain and with the aid of physiotherapy, full weight bearing 

mobilizationn on the first postoperative day is started. 

Follow-up p 
Dataa collection. 

Applicablee case report forms should be completed on admission, at operation, after 

thee operation and upon discharge. 

Patientt follow-up is scheduled at 8 weeks, 1 and 2 years after the operation. At each of 

thesee times the Harris Hip Score is determined and documented on the case report 

form.. An X-ray exam of the pelvis and axial hip is performed at 1 and 2 years. Additional 

casee report forms are filled out at each follow-up period. 

Definitionn of end points 
Primaryy end points: 

Revisionn of either primary internal fixation or hemiarthroplasty wil l be the main 

criterionn of evaluation. Dislocation of an endoprothesis with closed reduction is not 

consideredd as a revisional procedure. 

Implants Implants 

-- For internal fixation: 



Secondaryy end points: 

1.. Mortality 

2.. The change in Harris Hip Score (HHS) in the course of follow-up. 

Thee HHS is based on an assessment of four parameters: pain, function, range of 

motionn and absence of deformity. Pain and function can be appreciated with 91 

pointss and the remaining two qualities can increase the score to a maximum total 

off  100 points. 

3.. Complications, such as persistent pain, deep infection, any dislocation or deep 

venouss thrombosis are also important parameters. 

Ant i c ipa te dd n u m b er  of pa t ien ts Results of a meta-analysis results in 1994 

showedd a revision rate of 35% for IF and 16% for HA at 2 year follow-up. One-year 

mortalityy was 28% in both groups. If application of the PSS could achieve a revision 

ratee reduction of 10% (35% to 25%) for IF at 2 year follow-up, one-sided 95% CI 

analysiss with an alpha of 0.05 showed that 70 IF patients [upper limit 95% CI: 0.34] 

weree required for inclusion. Expecting 40% of the total sample to be IF patients, 105 

HAA patients [upper limit 95% CI: 0.10] were required. The expected amount of HA 

patientss was therefore enough to prove a significant reduction in revision from 16% 

too 6%. Anticipating a 2 year mortality rate of 30%, at least 70 + 105 + 85 = 250 

patientss were required. 

Ethics s 
Declarationn of Helsinki. 

Thiss study will be conducted in full accordance with the principles of the Declaration 

off  Helsinki (as amended in Tokyo and Venice) and with the laws and regulations of 

thee Netherlands. 

Institutionall  Review Board (IRB). 

Thiss protocol has been submitted by the investigators to the Institutional Review 

Boardd (Committee on Ethics) of the Academic Medical Center. The study could 

proceedd without approval as the IRB considered the P.S.S. treatment protocol to be 

withinn the limits of protocolled medical practice. 
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Velenn beginnen hier een proefschrift te lezen. Zij weten dat de promovendus afhankelijk 

iss van vele mensen om zich heen. Ook mij past het om allen, die op de een of andere 

wijzee betrokken waren bij dit proefschrift te bedanken. 

Mij nn promotor Prof. Dr. DJ. Gouma, beste Dirk, in 2000 begon je aan even iets 

anderss dan de GE onderzoekslijnen. Jouw analytische vermogen om in 5 minuten de 

kernn van de zaak te zien en met nimmer aflatend enthousiasme helder te formuleren is 

fenomenaal.. Dank voor je essentiële wetenschappelijke steun en ik ben er trots op 

onderr jou te mogen promoveren. 

Mij nn copromotor, Dr. E.L.F.B. Raaymakers, beste Ernst, na je enorme inzet voor het 

hogerr begrip van de mediale collum fractuur bleef je je ook na je pensioen afvragen 

off  er een oplossing voor deze fractuur bestond. Het idee voor de hoofdstudie uit dit 

proefschriftt kwam voort uit jouw levenswerk. Nu de klus is geklaard zijn we allemaal 

watt wijzer en dat is aan jou te danken. Met gepaste trots hoop ik met jou de titel van 

doctorr te verkrijgen. 

Mij nn copromotor achter de schermen Drs. J.S.K. Luitse, beste Jan, jij hebt ^/inderdaad 

niett nodig, omdat je al een van 'slands grootste traumatologen bent door jouw 

weergalozee inzet voor de traumazorg. Dankzij jouw persoonlijkheid en visie is er 

innovatiee en teamgeest. Dank voor de vele adviezen tijdens evenzoveel enthousiaste 

sessies.. Vele briefjes met ideeën in het kenmerkende lichtblauwe handschrift liggen 

nogg op mijn bureau! 

Prof.. Dr. H. Obertop, beste Huug, onder jouw vlag heb ik de opleiding chirurgie 

gevolgd.. Na de opleiding heb je mijn buitenlandse avonturen krachtig ondersteund. 

Hett wel en wee van mijn grote beslissingen en van dit proefschrift bleef je volgen en 

waarr nodig bijsturen. Dank voor alle goede adviezen en ik ben er trots op dat je nu 

weerr mijn baas wordt. 

Hett Team Trauma AMC: Carel Goslings, Kees-Jan Ponsen en recent Rob Haverlag, 

julli ee stelden mij in staat deze thesis af te maken terwijl we met plezier de kwaliteit van 

dee traumazorg iedere dag hooghielden. Dank voor een prima vervolgopleiding en er 

liggenn nog vele toekomstige uitdagingen, die we samen kunnen tackelen. 



Prof.. Dr. A.B. van Vugt, beste Arie, met een studie over heupfracturen was het 

onvermijdelijkk om jou tegen te komen! Jij zorgde ervoor dat de hoofdstukken konden 

accumulerenn in de concept richtlijn. Dank voor de expert technische beoordeling van 

allee interne fixaties (osteosyntheses ?!) op "dat CD'tje van Heetveld". 

Prof.. Dr. R.K. Marti, beste René, jouw voorspelling dat techniek een grote rol zou spelen 

bijj  de analyse van de studiegegevens is uitgekomen. Sterker nog, het is nu prospectief 

aangetoond.. Dank voor de expert technische beoordeling van alle interne fixaties. 

Prof.. Dr. C.N. van Dijk, Prof. Dr. H. Lameris en Prof. Dr. B.L. van Eck-Smit, beste 

Niek,, Han en Berthe, dank voor jullie deelname aan de promotiecommissie. Berthe, 

dee botdichtheidmeting voor patiënten met een heupfractuur heeft meer aandacht. 

Dankk voor de adviezen vanuit de afdeling Nucleaire Geneeskunde. 

M.. Storm-Versloot, beste Marja, dank voor het bijhouden van de follow-up tijdens 

mijnn verblijf in Australië. Vanwege je ervaring als traumaverpleegkundige was jij de 

enigee research nurse, die ik dit kon toevertrouwen! 

Dee co-auteurs, deelnemers en adviseurs van de multi-center hoofdstudie: 

Dr.. Ariaan van Walsum, Dr. Marc Nijhof en Roy Hoogeslag, Enschede 

Dr.. Gerrolt Jukema en Kees Bartlema, Leiden 

Dr.. Dreas Karthaus en Hans Frima, Deventer 

Dr.. Jan Biert en Prof. Dr. Albert van Kampen Nijmegen 

Svenn van Helden, Wouter ten Gate, Prof Dr. Henk-Jan Ten Duis, Groningen 

Dr.. Rob Leemans en Hanneke Onderwater, Leeuwarden 

Dr.. Maarten van der Eist, Sander Spruijt en Dr. David Zimmerman, Delft 

Huubb van der Meulen en Jeremy Amaya, Den Haag 

Jann Ultee en Dr. Flip Steller, Amsterdam 

Prof.. Dr. P. Bossuyt, Klinische Epidemiologie en Biostatistiek, AMC Amsterdam 

Richtlijnencommissiee voor de behandeling van proximale femurfracturen bij de oudere 

mens:: Dr. Romke van Balen, Dr. Tischa van der Cammen, Prof Dr. Albert van Kampen, 

Dr.. Ernst Raaymakers, Frans de Loos, René Nuijten, Dr. Inger Schipper en Prof Dr. 

Ariee van Vugt. Dank voor julli e steun voor het opnemen van de concept richtlijn 

medialee collum fractuur in dit proefschrift. 



Dee afdelingen radiologie en nucleaire geneeskunde in de deelnemende ziekenhuizen 

voorr de inzet bij de botdichtheidmetingen. 

All ee patiënten, die deelnamen aan de studies. Dankzij uw belangenloze inzet en trouwe 

komstt op de poliklinieken hebben wij de informatie in dit proefschrift kunnen 

verzamelen. . 

Davee Barei, Sean Nork, Will Erti, Chip Routt and Bruce Sangeorzan, Harborview 

Medicall  Center, Seattle, USA. Thanks for scoring all those radiographs twice and 

teachingg me so many tricks of the trade meanwhile. The Dutch connection stands. 

Michaell  Sugrue, Scott D'Amours and Ian Harris, Sydney, Australia. Thanks for a 

greatt year in Oz and letting me work on this book here now and again. Ian, good job 

inn scoring those radiographs and please spread the word about some results in this 

smalll  tribute to mankind! 

Hett Trauma Team Erasmus MC: Prof. Dr. Peter Patka, Han van den Brand, Inger 

Schipperr en Lucas Vogels, dank voor julli e begrip en tips tijdens de laatste fase. 

Mij nn paranimfen Erik van der Heide en Jaco Rouw en assistent paranimfen Clemens 

Meijssenn en Harry Wisse. Op jullie kan ik altijd rekenen. Op naar toekomstige avonturen! 

Add en Els Strijbosch, dank voor julli e liefde en gastvrije opvang van de familie tijdens 

dee schrijfperiodes. 

Mij nn ouders, jullie liefde voor Susan en mij heeft dit allemaal mogelijk gemaakt. Heden, 

verledenn en toekomst zijn bepaald door julli e goede beslissingen. 

Enn tenslotte mijn gezin, Pauline, Laurens, Romy en Eveline. Ons nieuwe huis heeft 

geenn zolder, maar veel tuin en pap hoeft nu niet meer "even naar boven". Dank voor 

julli ee onvoorwaardelijke liefde, hulp en begrip, voor nu en voor altijd. 
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Stel l ingen n 

behorendee bij het proefschrift 

Disp lacedd Femoral N e ck Fractures, towards better  pract ice 

1.. Wederom moet gesteld worden dat bij interne fixatie de repositie in valgus van de 

gedisloceerdee mediale collum fractuur belangrijker is dan de discussie over het implantaat. 

(dit(dit proefschrift) 

2.2. Er bestaat een grote variatie in indicaties voor interne fixatie of arthroplastiek bij een 

gedisloceerdee mediale collum fractuur in Neder land vanwege onvoldoende wetenschappelijke 

onderbouwing,, (ditproefschrift) 

3.. De leeftijd van 80 jaar is een verantwoorde grens, waaronder individuele eigenschappen van de 
patiëntt nog een rol spelen bij de therapiekeuze en waarboven de kans op falen van interne fixatie 
zoo groot blijk t dat een (hemi)arthroplastiek de eerste keuze is bij een gedisloceerde mediale 
collumm fractuur, (ditproefschrift!) 

4.. Botdichtheid is niet goed te beoordelen op een röntgenfoto en hoeft geen invloed te hebben 

opp de keuze tussen interne fixatie en arthroplastiek bij de patiënt met een gedisloceerde mediale 
collumm fractuur, (ditproefschrift) 

5.. De juiste technische uitvoering van interne fixatie voor een gedisloceerde mediale collum 

fractuurr is onderbelicht in de literatuur, maar heeft een voorspelbaar effect op het klinisch 
resultaat,, (ditproefschrift) 

6.. I Iet evidence beest in de vorm van erkende richtlijnen biedt houvast aan zowel de chirurg als 

dee patiënt, (ditproefschrift) 

7.. Een toestroom van 350 polytraumapatiënten (Injury Severity Score > 15) per jaar is de 

optimalee basis voor de onderzoeks en kenniscentrumfunctie en een "concurrerende" positie in 

Europaa voor een Level 1 Traumacentrum. 

8.. Een manpowerplanning voor de toekomstige (deelgebieden van de) heelkunde is onmogelijk 

mett de opeenstapeling van veranderingen in het zorgstelsel en binnen het vak zelf. Na D B C, 
basisverzekeringg voor iedereen, centralisatie, certificering en differentiatie zou een periode van 

rustt op zijn plaats zijn. 

9.. Het is te betwijfelen of economische groei met de huidige fossiele energievoorziening zal 
leidenn tot meer welvaart. 

10.. Zontherrrusche centrales met een totaal oppervlak ter grootte van Frankrijk, verspreid over 

woestijnen,, kunnen de wereld voorzien van ongelimiteerde energie, (www.cspower.org) 

11.. Common sense is not so common. (Voltaire) 

12.. De populariteit van heupbroeken lijk t geen noemenswaardige invloed te hebben op de kans 

opp heupfracturen en verhoogt eerder de kans op het optreden van buikgriep, blaas of 

navelontstekingen,, (proefschrift N. van der Schoor) 

http://www.cspower.org
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