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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 g nn a n d i n c l u s i o n 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. 

O p e r a t i o nn 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 c o l l e c t i o n a n d fo l low-up 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. 

Technica ll fat ing 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. 

R e g r e s s i o nn 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. 

Statist icall m e t h o d s 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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