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InTRODuCTIOn

Globally hip fracture ranks among the top 10 causes of disability and osteosynthesis of a hip 

fracture is among the most frequently performed skeletal procedures in orthopaedic trauma 

(1,2). However, many questions remain, among which applications of classification systems 

and measuring instruments, reduction and fixation, surgical approach and timing of surgery 

(3).

During surgical training one is taught of what is current at that time, but scientific insights 

evolve over time. One of the surgeon’s responsibilities is to contribute to the scientific develop-

ment of his profession. This thesis was created to reflect on the daily practice of surgical care 

around a patient with a hip fracture. The content concerns the implementation of care and 

examines whether the treatment of these patients can be improved. The questions that arose 

over time concerned reliability of classification systems and measurement tools, perioperative 

challenges, and possibilities to improve clinical outcome for the patient with a hip fracture.

Although classification systems and measurement tools for patients with a hip fracture are daily 

learned, used and educated, we should not just accept them as truth. We should be critical 

about the Pauwels classification, (which is used for pre-operative decision making for femoral 

neck fractures), the AO classification (system for classifying trochanteric hip fractures) and the 

CT measurement tool for reliability of femoral rotation measurement (4-8).

A trochanteric hip fracture involves the proximal femur between the cervical region and the 

shaft. The treatment of choice for trochanteric fracture is osteosynthesis (9). A major complica-

tion of osteosynthesis is loss of fixation. To minimize the risk for fixation failure, we strive for 

anatomic reduction and a central position of the lag screw in the femoral head. The three-grade 

classification system of Baumgaertner was developed to measure fracture reduction, the tip 

apex distance measurement in two directions and the Cleveland femoral head dividing system 

for position of the screw in the femoral head (10,11). But are these measurement tools reliable? 

And what is the effect of fracture reduction, tip apex distance, and position of the screw in the 

femoral head on fixation failure?

A subtrochanteric hip fracture involves the region of the proximal shaft. In comminuted 

subtrochanteric hip fractures the challenge is not loss of fixation but achieve correct femoral 

rotation. To restore original rotation it must be possible “to read” the fracture as a simple 

puzzle. However, in a comminuted fracture with too many and too small fragments it is dif-

ficult “to read” the fracture. In the literature it is proposed to use the unaffected femur as 

a template to control and correct femoral rotation if needed, assuming rotational similarity 
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between left and right femur (12,13). But are rotations of left and right femur comparable? 

May the non-fractured femur be used as a control for femoral rotation?

Fluoroscopy, as an aid in osteosynthesis of a hip fracture, is essential. Since the introduction of 

fluoroscopy in orthopaedic trauma, it’s use has only increased (14). Being able to use real time 

radiographs without any delay during fracture fixation comes at the cost of radiation exposure 

to the patient and operation team. The patient faces radiation only during the procedure, but 

medical workers have to deal with frequent exposure to potential hazardous radiation. We never 

really think about it, but radiation is potentially dangerous and frequent radiation exposure 

can increase the risk of cancer (15). Traditionally, a radiology technician operates the C-arm 

during osteosynthesis of a fracture following the verbal requests from the surgeon. C-arms are 

equipped with a foot pedal that functions as a remote user interface. If the surgeon operates the 

foot pedal the radiation exposure time may be reduced because it avoids miscommunication 

between the surgeon and the technician. In order to reduce radiation, does radiation exposure 

decreases if the surgeon operates the foot pedal during fixation of a hip fracture?

In addition, if systems and tools used for hip fracture treatment are reliable and if we can 

optimize perioperative matters for patients with a hip fracture and healthcare workers, the 

question arises whether we can improve the clinical outcome for patients with a hip fracture. 

Hemiarthroplasty is major surgery for elderly patients who are already sensitive to surgical 

trauma. These patients could benefit from a minimally invasive (MI) approach. Several ap-

proaches have been introduced for hip arthroplasty, the MI Watson Jones approach was first 

described by Bertin et al in 2004 (16). This approach minimizes damage of the surrounding 

tissues and the superior gluteal nerve. The MI anterolateral approach has been reported to 

be useful in total hip arthroplasty, reducing post-operative pain, blood loss and complica-

tions rates and providing faster rehabilitation (17,18). Yet, there is limited research available 

presenting clinical outcomes after a hemiarthroplasty using the MI approach in patients with a 

femoral neck fracture. Would MI anterolateral approach for hemiarthroplasty improve clinical 

outcome compared to a traditional approach for elderly patients with a femoral neck fracture?

A surgical approach is a variable we can choose. But not all factors can be influenced, a hip 

fracture is an acute condition and patients with a hip fracture will present themselves randomly. 

For optimizing management concerning operative planning for patients with a hip fracture 

the question arises if the care provided during the weekend is just as good during the week. 

Several studies have shown that weekend admission for patients with urgent conditions, such 

as aortic aneurysms or intracranial injuries, are associated with an increased risk of mortal-

ity and morbidity (19,20). It is a matter of debate whether the increased mortality rates for 

weekend admissions is applicable to acute orthopaedic trauma, such as a femoral neck fracture. 

The few available studies that have investigated mortality rates of patients admitted over the 
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weekend with a femoral neck fracture have demonstrated conflicting results. Is a patient with 

a femoral neck fracture who is admitted to the hospital during the week better off than during 

the weekend because healthcare is delivered differently during the weekend?

AIms OF THIs THesIs

The present studies were initiated to:

- determine reliability of the Pauwels classification for femoral neck fractures;

- study the reliability of the tip apex distance measurement, the Cleveland femoral head 

dividing system, the three-grade classification system of Baumgaertner for fracture reduc-

tion, and the AO classification system and determine whether these systems can predict 

screw cut-out for trochanteric hip fractures;

- find out what gives the least radiation exposure during fluoroscopy-controlled internal 

fixation of a hip fracture, direct or indirect image acquisition;

- define if CT is a reliable tool to measure femoral rotation and provide a rotation template 

in case of post-operative malrotation of a subtrochanteric hip fracture;

- analyze clinical outcome of the minimally invasive anterolateral approach versus the tradi-

tional anterolateral approach (Watson-Jones) for hip hemiarthroplasty after femoral neck 

fracture;

- investigate if weekend admissions, for patients with a hip fracture are associated with an 

increased risk of mortality and morbidity.

OuTLIne OF THIs THesIs

To address the above mentioned aims this thesis is divided in several parts. Chapter 1 describes 

the general introduction to the subject of this thesis and its aims.

Part A. Reliability of classification systems and predictors for cut-out of 
the lag screw.

Chapter 2 reports on the reliability of the Pauwels classification for intracapsular hip fractures. 

In chapter 3 reliability of fracture reduction, tip apex distance, and position of the screw in 

the femoral head measurement tools were investigated. It also gives insight in the influence of 

fracture reduction, tip apex distance, and position of the screw in the femoral head on fixation 

failure.
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Part B. management decisions of perioperative challenges

This part concerns practical issues in the treatment of proximal femoral fractures. In chapter 4 

radiation exposure from direct versus indirect image acquisition during fluoroscopy-controlled 

internal fixation of hip fractures has been examined in a randomized controlled trial. A rotation 

template for post-operative malrotation of subtrochanteric femur fractures is determined in 

chapter 5.

Part C. Clinical outcome after hip surgery

The last part of this thesis focuses on clinical outcomes. Chapter 6 analyses clinical outcome 

of the minimally invasive anterolateral approach versus the traditional anterolateral approach 

(Watson-Jones) for hip hemiarthroplasty after a femoral neck fracture. The effect of weekend 

versus weekday admission of femoral neck fractures on mortality or morbidity is reported in 

chapter 7.

Chapter 8 provides a summary of the research conducted. Furthermore, the author philoso-

phizes about the future of research concerning patients with a hip fracture and the current 

projects are indicated.

Chapter 9 summarizes the performed research in Dutch.
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ABsTRACT

The Pauwels classification for the femoral neck fracture is still broadly used in literature and 

clinical practise. However, this classification has never been tested for its reliability in terms of 

inter-observer agreement. We assessed whether or not it is reliable to use the Pauwels classifica-

tion in pre-operative planning.

Ten observers classified 100 intra-capsular femur fractures. The inter-observer agreement was 

calculated using the multi-rater Fleiss’ kappa.

The Pauwels classification showed an inter-observer agreement of κ0.31 (0.01).

Classification of intra-capsular hip fractures according to the Pauwels classification using the 

Pauwels angle is unreliable and its use should be avoided.
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InTRODuCTIOn

The Pauwels classification (1935)15 was the first biomechanical classification of femoral neck 

fractures. In the Pauwels classification the fracture line angle is used to identify three groups of 

femoral neck fractures. It relates the shearing angle of the fracture line of the distal fragment. It 

was suggested by Pauwels that a greater vertical shear is related to an increase of the incidence 

of non-union or malunion in femoral neck fractures. The Pauwels grading consists of three 

grades. (Figure 1)

The Pauwels angle is still broadly used in literature and for pre-operative planning. For ex-

ample, in the Dutch guideline for the treatment of intracapsular fractures, it is advised, to treat 

a type III fracture with a Dynamic Hip Screw (DHS) and the type I and type II fractures by 

Canulated Screw Fixating.18

Despite its frequent use, studies have never investigated the reliability of a classification, such 

as the Pauwels classification that uses the inclination of the fracture line. This study investigates 

whether or not it is reliable to use this classification in pre-operative planning.

meTHODs

We randomly selected 100 anterior-posterior (AP) and lateral view preoperative radiographs of 

patients that had been admitted with a femoral neck fracture from January 2008 to February 

2009, in the Medisch Centrum Haaglanden, The Hague, The Netherlands. The quality of all 

radiographs was representative and initial decision on treatment had been made  based on these 

radiographs.

Figure 1. Pauwels classification1, 15
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The observers’ group consisted of five trauma surgeons and five surgical residents with special 

interest for orthopaedic trauma from two different medical centres in Europe. (Medisch Cen-

trum Haaglanden, The Hague, The Netherlands and the Kardinal Schwarzenberg’sches Kran-

kenhaus, Schwarzach, Austria) Half of the observers’ group was from the Medisch Centrum 

Haaglanden, in The Netherlands and the other half were from the Kardinal Schwarzenberg’sches 

Krankenhaus, in Austria. The observers were provided as much time as needed for accurate as-

sessment. They were asked to classify the 100 fractures independently according to the Pauwels 

classification. All participants were already familiar with the classification and each question-

naire was provided with an overview of the three different types of fractures.

The following definitions were used (Figure 1): 1, 15

- Type I: Up to 30 degrees. The compressive forces are predominant.

- Type II:  30 to 50 degrees. The shearing stress is present and may have a negative effect on 

the bone healing.

- Type III: 50 degrees and more. The shearing stress dominates and is associated with a 

significant varus force. This results in fracture displacement and varus collapse.

Statistical analysis was performed by calculating the Cohen kappa value using SPSS 14.0 sta-

tistical software for intra-observer reliability. In order to calculate the multi-rater kappa for the 

inter-observer agreement the statistical method of Fleiss’ was used.8 We interpreted the kappa 

value coefficient according to the guidelines proposed by Landis and Koch: less than 0.00 poor 

reliability, 0.00 to 0.20 slight reliability, 0.21 to 0.40 fair reliability, 0.41 to 0.60 moderate 

reliability, 0.61 to 0.80 substantial agreement and 0.81 to 1.00 almost perfect agreement. 11

ResuLTs

The mean age of the 100 subjects was 81.4 (SD 9.9). Twenty-seven patients were male and 74 

female. The Pauwels classification showed an inter-observer agreement of κ0.31 (0.01) for all 

observers, κ 0.38 (0.04) for the surgeons and κ 0.27 (0.02) for the residents.

DIsCussIOn

We have assessed the reliability of the Pauwels classification and we found it to be fairly reliable 

(κ0.31). This first fracture classification system for femoral neck fractures, that is related to the 

shearing angle of the fracture line is still frequently mentioned in literature. No other study has 

investigated the inter-observer variability of the classification as tool in preoperative planning 

before.
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Studies did investigate the ability of prediction of the non-union incidence by using the Pau-

wels angle and showed variable results.

It is suggested that an increase in the fracture line angle is associated with an increase of the 

incidence in non- or malunion2-7, 16. Parker and Dynan16 investigated the predictive value of 

Pauwels angle, and failed to show an increase in non-union in both the non-displaced or 

displaced fractures. Although, limited due to heterogeneity, other studies10, 12, 13, 14, 16, 17 did not 

show an increase of the incidence of non- or malunion either. Parker16 did show a significant as-

sociation between the Pauwels angle and the Garden classification. He also implies that a more 

horizontal fracture line would increase the likelihood of fracture impaction and successful 

non-operative treatment of the Garden I femoral neck fracture. However, a number of studies 

have shown a unreliability of the Garden classification and its use should be limited to a simple 

non-displaced or displaced classification.

Another clinical difficulty is, as mentioned by Bartoniceck1, the frequent misinterpretation 

of the Pauwels classification and the difficulties of the measurement of the fracture line angle, 

pre- or after reduction of the fracture due to rotation of the femur. In this study preoperative 

anterior-posterior and lateral radiographs were provided to the observers. Although frequently 

used for pre-operative planning, it is advised to use the Pauwels classification after reduction9. 

Most studies in literature, that implement the Pauwels angle use pre-reduction radiographs.

Despite, the lack of evidence for the predictive value of the Pauwels angle it is still used in 

literature and preoperative planning. As shown in our study the Pauwels classification is unreli-

able with a low interobserver agreement and therefore its use should be avoided.
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ABsTRACT

Background: Following internal fixation of intertrochanteric hip fractures, tip apex distance, 

fracture classification, position of the screw in the femoral head, and fracture reduction are 

known predictors for screw cutout, but the reliability of these measurements is unknown. We 

investigated the reliability of the tip apex distance measurement, the Cleveland femoral head 

dividing system, the three-grade classification system of Baumgaertner for fracture reduction, 

and the AO classification system as predictors for screw cutout.

methods: All patients with an intertrochanteric hip fracture who were managed with either a 

dynamic hip screw or a gamma nail between January 2007 and June 2010 were evaluated from 

our hip trauma database. 

Results: The tip apex distance measurement was reliable and patients with device cutout had 

a significantly higher tip apex distance. The agreement between observers with regard to screw 

position and fracture reduction was moderately reliable. After adjustment for tip apex distance 

and screw position, A3 fractures were at more risk of cutout compared with A1 fractures. 

Poor fracture reduction was significantly related with a higher incidence of cutout in univari-

ate analysis, but not in multivariate analysis. Central-inferior and anterior-inferior positions, 

after adjustment for tip apex distance and screw position, were significantly protective against 

cutout.

Conclusion: To decrease probable risks of cutout, the tip apex distance needs to stay small or 

the screw needs to be placed central-inferiorly or anterior-inferiorly.

Level of evidence: Therapeutic Level III. See Instructions for Authors for a complete descrip-

tion of levels of evidence.
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InTRODuCTIOn

Failed osteosynthesis has a major impact on mortality and morbidity among the elderly with 

intertrochanteric hip fractures1.

Osteosynthesis with a fixed angle device in combination with a dynamic sliding lag screw is 

the favored treatment for intertrochanteric hip fractures2. The sliding lag screw can be used in 

combination with an intramedullary nail (for example, a gamma nail) or an extramedullary 

side plate (for example, a dynamic hip screw).

For unstable intertrochanteric hip fractures (AO classification A2 and A3), our clinic uses 

the gamma nail because of the possible mechanical advantage over plate fixation in unstable 

intertrochanteric hip fractures3. For stable intertrochanteric hip fractures (AO classification 

A1), our clinic uses a two-hole dynamic hip screw4.

The most common mechanism of fixation failure due to cutout of the screw from the femoral 

head is the collapse of the neck-shaft angle into varus. Earlier research has shown that several 

variables, such as fracture type, fracture reduction, tip apex distance, and position of the screw 

in the femoral head, can increase the risk of cutout5-11, after internal fixation of intertrochan-

teric hip fractures.

The tip apex distance is the sum of the distance in millimeters from the tip of the screw to 

the apex of the femoral head on anteroposterior and lateral radiographs5 (Fig. 1). It has been 

demonstrated that the tip apex distance is a predictor for cutout. A tip apex distance <25 mm is 

protective of the screw cutting out of the femoral head5. However, the reliability of the tip apex 

distance measurement has only been partially investigated. Baumgaertner et al.5 found that it 

was a reproducible measurement, but the reliability of the tip apex distance measurement has 

never been investigated. Cleveland et al.12 introduced a system inwhich the femoral head was 

divided into nine zones. Screw cutout in relation to the position of the screw in the femoral 

head and the reliability of the Cleveland femoral head dividing system were reported.

There is no general classification system for classifying hip fracture reduction. Baumgaertner et 

al.5 used a well-defined, three-grade classification system for fracture reduction. Because reli-

ability has not been established for this classification, we investigated this issue. Additionally, 

we studied the relationship between the three-grade fracture classification system and screw 

cutout from the femoral head.

To classify fracture type, we used the reliable AO classification system with only the groups A1, 

A2, and A313. No further subgroups were used.



30

C
ha

pt
er

 3

mATeRIALs AnD meTHODs

All patients from the hip trauma database who were managed for an intertrochanteric hip 

fracture between January 2007 and June 2010 at a level- 2 trauma hospital in the Netherlands 

were evaluated. Patients were managed with either a dynamic hip screw or a gamma nail, as 

noted above.

Patients who did not undergo a complete follow-up at three months postoperatively were 

excluded. Patients who died within three months after surgery were also excluded. If the qual-

ity of the postoperative radiographs was too poor to allow visualization of the femoral head, 

the patient was excluded.

Clinical data were collected from the hip trauma database. Available data included sex, age at 

surgery, operating time, American Society of Anesthesiologists (ASA) classification, type of 

implant, and date of death (if death occurred). The fracture classification, quality of fracture 

reduction, position of the screw, and tip apex distance were determined with use of preopera-

tive and postoperative anteroposterior and lateral digital radiographs. All specifications were 

measured in the picture archiving and communication system (PACS). An earlier study showed 

that the PACS is suitable for measuring the tip apex distance14.

The follow-up period varied from three months to three years after the operation. The mean 

follow-up period (and standard deviation) was 2.0 ± 0.99 years. We expected screw cutout to 

occur within three months after the operation, as seen in previous studies5, which correlates 

with the fact that fracturehealing can be expected at three months postoperatively.We ensured 

that every patient was followed for at least three months, thus minimizing the chances of 

missing a patient with screw cutout.

The fractures were classified with use of the AO classification system, without the use of sub-

groups.

The postoperative quality of fracture reduction was described as good, acceptable, or poor, ac-

cording to the definitions of the three-grade classification system proposed by Baumgaertner et 

al.5. A good reduction was classified as normal or slight valgus alignment on the anteroposterior 

radiograph, <20° of angulation on the lateral radiograph, and ≤4 mm of displacement of any 

fragment. An acceptable reduction had to meet the criteria for a good reduction, but for either 

the alignment or the displacement, not for both. A poor reduction met none of the criteria. 

The measurement of the tip apex distance, as developed by Baumgaertner et al.5, was also 

performed. The tip apex distance is the sum of the distance, in millimeters, from the tip of the 
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screw to the apex of the femoral head, on the anteroposterior and lateral radiographs (Fig. 1). 

The first postoperative radiographs were used to measure the tip apex distance.

With regard to position, the femoral head was divided into nine areas, as reported by Cleveland 

et al.12. On the anteroposterior radiograph, the locations are superior, central, and inferior. 

On the lateral radiograph, the locations are anterior, central, and posterior.With use of this 

information, the exact position of the screw was determined.

Two independent observers performed tip apex distance measurements and determined screw 

position and fracture reduction. One observer was a consultant trauma surgeon and the other 

observer was a surgical resident. The observers were shortly briefed on the tip apex distance 

measurement, the Cleveland zone system, the Baumgaertner fracture reduction system, and the 

AO classification system.

All observations were done on the immediate postoperative radiograph.

statistical Analysis

Statistical analysis was performed with use of SPSS version 16.01 (SPSS, Chicago, Illinois) 

and MedCalc version 9.2 (MedCalc Software, Mariakerke, Belgium) software on a personal 

computer. The chi-square test and Student t test were used as applicable for univariate analysis. 

The independent variables from the univariate analysis with a p value of <0.10 were entered in 

a multivariate logistic regression, with the occurrence of cutout of the hip screw as the depen-

dent variable. The likelihood ratio backward test was conducted to find the best-fit model by 

selecting variables, one by one. The probability for entry was set at p < 0.05, and the probability 

for removal was set at p = 0.10. In this model for the tip apex distance, the mean of the tip apex 

distance of the two observers was used.

Univariate logistic regression was used to calculate the predicted probability of a cutout for 

each observed tip apex distance value. The intraclass correlation coefficient with its 95% confi-

Fig. 1

Figure 1. A line drawing showing the measurement of the tip 
apex distance (TAD). Use of the true diameter of the screw 
(Dtrue) controlled for magnification. Dtrue is the known di-
ameter of the lag screw. Dap is the measured diameter of the lag 
screw on an anteroposterior radiograph. Dlat is the measured 
diameter of the lag screw on a lateral radiograph. Xap is the dis-
tance from the tip of the screw to the center of the femoral head 
on an anteroposterior radiograph. Xlat is the distance from the 
tip of the screw to the center of the femoral head on a lateral 
radiograph. (Reproduced from: Baumgaertner MR, Curtin SL, 
Lindskog DM, Keggi JM. The value of the tip-apex distance in 
predicting failure of fixation of peritrochanteric fractures of the 
hip. J Bone Joint Surg Am. 1995;77:1058-64.)
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dence interval (95% CI) for interval data was calculated to assess the interobserver reliability of 

one observer (single-measure intraclass correlation coefficient) and of two observers (average-

measure intraclass correlation coefficient). The twoway random-effects model with absolute 

agreement was selected. To assess the interobserver reliability of nominal and ordinal data, 

kappa coefficients were calculated with use of 95% CI. The standard error of measurement of 

the tip apex distance (SEmeasurement = the square root of the mean square residual) was used 

to calculate the amount of errors between the two tip apex distance measurements. To account 

for the relationship between the mean and the standard error, the coefficient of variation (CV) 

was calculated with use of the following formula: CV (%) = SEmeasurement/mean × 100. 

The coefficient of variation expresses the standard error of measurement as a proportion of the 

mean and is unitless. A low coefficient of variation represents a better measurement than a high 

coefficient of variation.

The receiving operating characteristic (ROC) curve for the mean tip apex distance was used 

to calculate the area under the curve (C-statistics), and the best threshold value of the tip apex 

distance was used to predict screw cutout.

The differences in the mean tip apex distance in the groups A1, A2, and A3 of the AO classifica-

tion system were tested with use of one-way analysis of variance (ANOVA).

source of Funding

There was no external funding source used for this study.

ResuLTs

Data on the Patients

Two hundred and ninety patients who had had intertrochanteric hip fractures were identified. 

Twenty-four patients who did not have a complete duration of follow-up at three months 

postoperatively were excluded. Thirty-two patients died within three months after surgery and 

were excluded. The quality of nineteen of the postoperative radiographs was too poor to see the 

femoral head properly, so these patients were excluded. Therefore, 215 patients who had had 

fractures were suitable for our study.

There were 168 women (78%) and forty-seven men (22%) in our study. The mean age (and 

standard deviation) was 78.0 ± 14.9 years. A gamma nail was used to obtain fracture fixation in 

175 patients (81%), and a dynamic hip screw was used in forty patients (19%).
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Twenty-nine people died more than three months after surgery, a mortality rate of 13.5%. 

There is no accurate time interval for this mortality rate because the overall duration of follow-

up was not the same for every patient.

In total, sixteen patients (7%) had screws in which the fixation failed. Of these patients, three 

had screw cutout after the third postoperative month, and thirteen had screw cutout within 

three months. Additionally, six patients required reoperation that was not due to screw cutout. 

Of these patients, one had severe infection, another had had an unsuccessful initial operation 

because of malalignment of the dynamic hip screw plate on the postoperative radiograph, and, 

after the third postoperative month, four reported pain and had a second operation in which 

the fixation device was removed after consolidation of the fracture.

Reliability of the measurements

To assess the interobserver reliability of tip apex distance measurement, the intraclass correla-

tion coefficient was calculated. The single-measure intraclass correlation coefficient (the tip 

apex distance measured by a single observer) was 0.81 (95% CI, 0.71 to 0.87) and the average-

measure intraclass correlation coefficient (the mean measure of the two observers) was 0.89 

(95% CI, 0.83 to 0.93), which both correspond with good reliability15. The corresponding 

standard error of measurement and coefficient of variation were 2.78 and 13%, respectively.

Table I shows that the observers’ measurements of fracture reduction and screw position were 

moderately reliable. Here a weighted kappa value was calculated that allowed the researcher 

(W.T.) to specify higher weights for disagreement on screw positions that were further apart 

and lower weights for screw positions that were closer topographically.

univariate Analysis

In Table II and the Appendix (Student t test, chi-square test, logistic regression), different 

variables are presented, split for patients with or without cutout of the screw. Table II presents 

and compares the numbers and percentages as well as the means and the standard deviations 

of patient characteristics. A table in the Appendix compares the nonadjusted odds ratios of the 

TABLe I Reliability Between the Two Observers for Different Variables

Variable Intraclass Correlation Coefficient
or Weighted Kappa

95% CI

Tip apex distance (intraclass correlation coefficient)*

Single-measure 0.81 0.71 to 0.87

Average-measure 0.89 0.83 to 0.93

Fracture reduction (kappa) 0.48 0.37 to 0.58

Screw position (kappa) 0.46 0.36 to 0.56

*The standard error of measurement and the coefficient of variation were 2.78 and 13%.
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categorical variables for patients with and without cutout of the screw. Measurements of both 

observers are shown.

TABLe II Overview of the Patients without or with Screw Cutout

Characteristic Without Cutout With Cutout CI Mean 
Difference

P Value

Age* (yr) 77.8 ± 15.0 79.9 ± 13.1 (–9.7; 5.6) 0.595

Operation time* (min) 97.7 ± 32.0 121.4 ± 47.6 (–49.3; 2.0) 0.069

Length of hospital stay* (d) 10.8 ± 11.8 20.1 ± 20.8 (–20.5; 1.9) 0.098

Time to operation* (d) 1.7 ± 5.9 2.9 ± 6.6 (–4.3; 1.9) 0.452

Tip apex distance* (mm) 21.3 ± 6.1 25.9 ± 8.6 (–7.9; 21.5) 0.005

No. of patients† 199 (93%) 16 (7%)

Sex† 0.532

Female 154 (77%) 14 (88%)

Male 45 (23%) 2 (13%)

Device† 1.0

Dynamic hip screw 37 (19%) 3 (19%)

Gamma nail 162 (81%) 13 (81%)

Death† 0.459

Yes 26 (13%) 3 (19%)

No 173 (87%) 13 (81%)

ASA classification†‡ 0.299

I 6 (4%) 0 (0%)

II 98 (65%) 4 (50%)

III 46 (30%) 4 (50%)

IV 2 (1%) 0 (0%)

AO classification† 0.112

A1 77 (39%) 4 (25%)

A2 93 (47%) 7 (44%)

A3 29 (15%) 5 (31%)

Fracture reduction†

Observer 1 0.228

Good 125 (63%) 8 (50%)

Moderate 66 (33%) 6 (38%)

Poor 8 (4%) 2 (13%)

Observer 2 0.087

Good 83 (42%) 5 (31%)

Moderate 100 (50%) 6 (38%)

Poor 16 (8%) 5 (31%)

Screw position (see Appendix) 0.009, 0.014

Reoperation† 0.000

Yes 2 (1%) 16 (100%)

No 197 (99%) 0 (0%)

*The values are given as the mean and the standard deviation. †The values are given as the number of patients, with the percentage 
in parentheses. ‡Data were unavailable for sixty-seven patients.
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We found that for the sixteen patients who had screw cutout, the average tip apex distance (and 

standard deviation) was 25.9 ± 8.6 mm compared with 21.3 ± 6.1 mm for the 199 patients who 

had screws that did not cut out. The difference between the two groups was significant (p = 0.005).

Among the patients who had screw cutout, univariate analysis revealed no significant results 

for the Student t test or chi-square test for the variables of age, sex, ASA classification system, 

device, operation time, length of hospital stay, or time to operation (Table II).

With regard to the AO classification system, the A3 classification had an odds ratio of 3.32 com-

pared with the A1 classification; however, this result was not significant (p = 0.089) (see Appendix).

Poor fracture reduction was associated with a significantly higher risk of screw cutout compared 

with good reduction (odds ratio [OR], 5.19; p = 0.017) for a single observer.

Division of the femoral head into nine zones has been recommended by Cleveland et al.12. 

Screws were found to have been placed in all possible locations by one observer (see Appendix). 

No screws cut out of the posterior-inferior position. Screw position proved to be significantly 

related to cutout of the screw for both observers (p = 0.009 and p = 0.014). The anterior-

inferior and central-inferior positions had significantly favorable odds ratios (0.11 for both 

positions) compared with the anterior-superior position for the patients without cutout. The 

central-central position had a significant odds ratio (<1) for both observers (p = 0.025 and p 

= 0.028, respectively).

multivariate Analysis and Adjusted Odds Ratios

Table III shows the results of the multivariate logistic regression with the mean tip apex dis-

tance of the two observers and the categorical variables of the more experienced observer as 

independent variables. The odds ratio of the tip apex distance adjusted for the AO classification 

system and screw position showed significant results (OR, 1.11 [95% CI, 1.02 to 1.21]; p = 

0.022). The odds ratio for the A3 category of the AO classification system compared with 

that of the A1 category was 14.24 (95% CI, 2.29 to 88.72; p = 0.004). The odds ratio for the 

anterior-inferior screw position was 0.07 (95% CI, 0.01 to 0.62; p = 0.027); and the odds ratio 

for the central-inferior screw position was 0.08 (95% CI, 0.01 to 0.57; p = 0.016).

To estimate a threshold value that can predict cutout of the screw, we used an ROC curve. The 

criterion for cutting out was at the 19.9-mm level. Sensitivity was 87.5% and specificity was 

44.7%. The area under the curve (AUC) was 0.67 (Fig. 2). At the 25-mm level, the sensitivity 

and specificity were 50% and 71.4%, respectively. The sensitivities of both thresholds were 

not significantly different (p = 0.0565). In contrast, the specificity of the 25-mm cutoff was 

significantly higher than the 19.9-mm cutoff value (p < 0.0001).
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Figure 3 shows the predicted probability of cutout with ascending tip apex distance. The odds 

ratio of the tip apex distance adjusted for the AO classification system and screw position per 

5-mm tip apex distance increase was 1.69 (95% CI, 1.08 to 2.64); for a 10-mm increase, this 

value was 2.84 (95% CI, 1.16 to 6.95).

TABLe III Adjusted Odds Ratio for Effects of Different Variables on the Cutout of Hip Screws in the Cutout Group, as Deter-
mined by the More Experienced Observer

Variable Odds Ratio 95% CI P Value

Tip apex distance* 1.11 1.02 to 1.21 0.022

AO classification system†

A3 14.24 2.29 to 88.72 0.004

Screw position‡

Anterior-inferior 0.07 0.01 to 0.62 0.027

Central-inferior 0.08 0.01 to 0.57 0.016

*The mean of the values determined by the two observers was used to calculate the tip apex distance. †A1 is reference category. ‡The 
anterior-superior position is the reference category.

Fig. 2

Figure 2. A graph showing the ROC curve that was obtained 
by plotting the sensitivity compared with the 100-specificity. 
The actual area under the curve (AUC, 0.67 [95% CI, 0.60 to 
0.73]) measures the ability of the tip apex distance (TAD) to 
classify correctly the patients with and without a high risk for 
cutout of the screw. The best cutoff point for balancing sensitiv-
ity and specificity was 19.9 mm.
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The one-way ANOVA test showed that there was no significant difference (p = 0.42) among 

the mean tip apex distance values of the three AO fracture classifications. The mean tip apex 

distance was 22.1mmfor A1 fractures, 21.0mmfor A2 fractures, and 22.1 mm for A3 fractures.

DIsCussIOn

Published reports have associated variables such as intertrochanteric hip fracture reduction, tip 

apex distance, and position of the screw with risk of screw cutout from the femoral head5-11. Our 

main goal was to investigate the reliability of the tip apex distance measurement, the Cleveland 

femoral head dividing system, and the three-grade classification system of Baumgaertner for 

fracture reduction. We also studied the more general variables associated with a patient with an 

intertrochanteric hip fracture to see whether they were of any interest.

Our results showed that of all measurements, the only reliable one was measuring tip apex 

distance in the PACS. Baumgaertner et al.5 studied the agreement of the tip apex distance 

measurement for two observers, but only for 28% of the fractures in their study. We calculated 

Figure 3. A graph showing the predicted probability of cutout. TAD = tip apex distance.
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the intraclass correlation coefficient for all our fractures and obtained a good reliability score. 

An advantage of the tip apex distance measurement is that it is not influenced by the experi-

ence of the observer. Its measurement is based not on skillful interpretation but on simple, 

well-defined rules. Like other studies5-11, the present study demonstrated a correlation between 

tip apex distance and cutout of the screw from the femoral head. The multivariate model 

shows that a higher tip apex distance is associated with a 1.1-times higher risk of cutout per 

millimeter increase of the tip apex distance. Although earlier studies5,7 showed that patients 

who have a tip apex distance >25 mm are at risk of screw cutout, we found a threshold value 

for tip apex distance at the 19.9-mm level. The 19.9-mm threshold thus proves to be a better 

predictor (although not significantly) than the 25-mm threshold. Greater numbers of patients 

should be evaluated to clarify this observation.

The 25-mm threshold, as stated in the study of Baumgaertner et al.5, is significantly more 

reliable in predicting that a screw will not cut out. Although there is evidence for a tip apex 

distance threshold with a maximum of 25 mm, we argue that a 19.9-mm threshold would be 

effective in reducing the risk of cutout.

The fractures classified as A3 fractures were shown to be at fourteen times more risk of cutout, 

which could be explained by the fact that A3 fractures are unstable and more difficult to reduce. 

This fact corresponds with our results that poor fracture reduction also contributes to higher 

risks (up to five times) of screw cutout. Still, the definite risk of cutout remains relatively small.

The measurement of fracture reduction proved to be only moderately reliable. This is likely due 

to the fact that classifying fracture reduction is based largely on interpretation rather than on 

well-defined measurements.

There is no relation between fracture classification and tip apex distance. Our assumption was 

not confirmed that A3 fractures would have a larger tip apex distance because of the expected 

difficulties during operation that were due to the more complicated fracture.

Determining the exact position of the screw in the femoral head is also of importance and 

needs refining. The central-central, anterior-inferior, and central-inferior positions contribute 

significantly to protect the screw from cutting out of the femoral head. This finding is in 

agreement with previous studies5,6,9-11, in which a central and inferior position is preferred. 

Despite not experiencing any screw cutout, the posteroinferior zone did not have a significant 

correlation with cutout and was not significantly protective against screw cutout. The moderate 

reliability of the Cleveland zone system that we found in our study could be due to the fact 

that nine zones are too many to yield good reliability. It is possible that other circumstances 

and other observers may result in a different reliability outcome for this system. Sex had no 
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influence on the screw cutting out of the femoral head. Of the sixteen patients whose fixation 

had failed, fourteen (88%) were women. This result was to be expected because the sex of 78% 

of the total population that had been studied was female and a previous study had showed no 

significant association between these variables6.

The operation time, hospital stay, and time to operation were longer in the cutout group, but 

the differences were not significant. The small sample size of the cutout patient group (n = 16) 

reduced the power to detect significant differences. An explanation could be that there were 

higher percentages of patients in ASA class 3 and A3 fractures within the group of patients 

with screw cutout, although these values were not significant. Larger study groups are needed 

for determining whether the variables mentioned above significantly contribute to a longer 

operation time, hospital stay, and time to operation.

The population of interest is a fragile one, with an overall mortality rate of almost 14% sup-

porting our concerns about the need for the first operation to be successful. It is obvious that 

the success rate of the operation partly depends on factors that the surgeon cannot influence. 

Surgeons should therefore be aware of the factors that they can manipulate with a positive out-

come. For the tip apex distance, for example, Baumgaertner and Solberg showed that surgeon 

awareness is associated with a lower rate of screws cutting out of the femoral head16.

Because this was an observational and retrospective study, it had limitations. However, by 

calculating the adjusted odds ratios and therefore adjusting for confounders, we partly elimi-

nated the confounding bias.We lost a substantial amount of patients because of incomplete 

follow-up.

Because only sixteen patients had screw cutout, the confidence intervals of our estimates were 

wide, indicating a low level of precision. Therefore, researchwith larger study groups is needed 

to obtain more reliable results.

We can conclude that the tip apex distance measurement in the PACS is a reliable method 

for reducing the risk of screw cutout. By keeping the tip apex distance at a <25-mm threshold 

(without penetrating the joint), placing the screw centrally or inferiorly, and paying even more 

attention to A3 fractures, it can be expected that cutout of the screw of the femoral head will 

be minimized.
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APPenDIX

A table showing the nonadjusted odds ratio for effects of different categorical variables on the 

cutout of hip screws with use of univariate logistic regression and a figure showing the observer 

differences for determining screw position, by zone, for the 215 patients are available with the 

online version of this article as a data supplement at jbjs.org.
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ABsTRACT

Background: Intra-operative image acquisition can be obtained indirectly (via verbal request 

to a technician) or directly (executed at the tableside, by a surgeon stepping on a foot pedal). 

Direct image acquisition could reduce the exposure time and thus the risk of radiation damage. 

The aim of this randomized controlled trial was to compare direct surgeon-controlled fluoros-

copy with indirect technician-operated fluoroscopy during internal fixation of a hip fracture.

methods: From March 5, 2014 to August 19, 2015, 100 patients who had sustained a hip 

fracture that required internal fixation were enrolled. Patients were randomized between direct 

surgeon-controlled image acquisition using a foot pedal (n=52) and indirect image acquisition 

by a radiology technician (n=48). The primary outcome measure was the radiation exposure 

time; secondary outcome measures were the associated effective radiation dose and the dose 

area product. (DAP)

Results: A total of 96 patients (with a median age of 84 years) were enrolled in this study. 

Eighty-nine (93%) patients had a pertrochanteric fracture. No statistically significant differ-

ences between direct image acquisition and indirect image acquisition were found for overall 

radiation time, total radiation dose or DAP for the total population. When adjusted for poten-

tial confounders, a difference in overall radiation time of 18.50 seconds (95% CI 2.19; 34.81, 

p=0.027) was found in favour of indirect image acquisition.

Conclusion: This study showed statistically significantly lower radiation duration using in-

direct fluoroscopy for the total population and the pertrochanteric fracture subgroup when 

adjusted for several confounders. No significant effect on radiation dose and DAP was found.
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BACKGROunD

The use of intra-operative fluoroscopy during orthopedic trauma surgery has increased dur-

ing the last decades. Although risks for both patients and surgeons associated with radiation 

exposure due to intra-operative fluoroscopy are small, they cannot be neglected. Examples of 

radiation related health risk are radiation dermatitis, cataract, genetic defects, the induction of 

cancer, such as basal cell cancer and eventually amputation of fingers. (1) In order to reduce 

the risk of these adverse effects or radiation, adhering to the ALARA principle (As Low As 

Reasonably Achievable) is obligatory. Several studies have been designed in order to reduce the 

radiation exposure. Using an inverted C-arm (2) or a mini C-arm (3) was shown to reduce the 

radiation dose per unit of time. An alternative approach for preventing radiation-associated 

adverse effects is to reduce the exposure time. (4, 5)

Internal fixation of a hip fracture is among the most frequently performed skeletal procedure 

that uses fluoroscopy-guided positioning of implants. In our clinic, on average 170 patients are 

treated with a Gamma nail, cancellous screws, or a sliding hip screw annually. These procedures 

require relatively long fluoroscopy exposure times (mean 3.2 minutes). (6)

Traditionally, a radiology technician operates the C-arm fluoroscopy image acquisition fol-

lowing a verbal request from the surgeon. Currently, C-arms are also equipped with a remote 

user interface and foot pedal that is placed at the tableside and can be operated directly by 

the surgeon. Using direct fluoroscopic image acquisition is expected to reduce the radiation 

exposure time because it avoids a misinterpretation between the surgeon and the technician. 

The primary objective of this randomized controlled trial was to assess whether the radiation 

time and the effective exposure radiation during internal fixation of a hip fracture reduces with 

direct image acquisition.

PATIenTs AnD meTHODs

study design and participants

This study was a single center, single-blinded, parallel group randomized controlled trial. 

All adult patients aged 18 years and older with an X-ray confirmed hip fracture (i.e., collum 

femoris, pertrochanteric, or subtrochanteric) with planned internal fixation (i.e., cancellous 

screws, sliding hip screw, gamma nail, or long gamma nail) were included after provision of 

informed consent. Patients were excluded if they 1) had a pathological fracture; 2) received 

hemi- or total hip arthroplasty instead of internal fixation; 3) had retained hardware around 

the affected hip; or 4) had insufficient comprehension of the Dutch language to understand the 

patient information sheet. (Figure 1)
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The local Medical Research Ethics Committee (Maasstad Hospital, Rotterdam, the Nether-

lands) has approved the study (reference number 2011/19).

Randomization and blinding

Eligible patients were informed about the trial while being in the Emergency Department. Pa-

tients who signed informed consent were randomly assigned in a 1:1 ratio to surgeon-controlled 

direct fluoroscopy (i.e., intervention group) or technician-controlled indirect fluoroscopy (i.e., 

control group). The randomization sequence, with random block sizes, was generated using 

the Random Allocation Software version 1.0.0 (developed by M. Saghaei, department of An-

esthesiology, Ishfahan University of Medical Sciences, Isfahan, Iran). Randomization was done 

by an independent research assistant, concealing allocation from the recruiting investigator. 

Patients were blinded for the allocated procedure. Since surgeons would have to employ the C-

arm, they could not be blinded. The time interval of radiation and the total radiation dose (the 

air kerma in mGy), are digitally stored on the C-arm, making outcome assessment unbiased.

 

g 421 Assessed for eligibility 

321     Excluded

7     Had a pathological fracture 

153 Received hemi- or total hip arthroplasty 

10   Had retained hardware

151 Did not sign informed consent

50 Analyzed

2 Excluded from analysis 

2 Lost to follow-up

52 Allocated to intervention group

52 Received allocated intervention 

2 Lost to follow-up

48 Allocated to control group

48 Received allocated intervention 

46 Analyzed

2 Excluded from analysis 

Allocation 

Analysis 

Follow-Up 

100 Randomized 

Enrolment 

Figure 1. Flow chart of the study
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Intervention

In the intervention group, the surgeon directly acquired the C-arm fluoroscopy image at the 

tableside by stepping on a foot pedal. In the control group, image acquisition was done indi-

rectly by a radiology technician acting on a verbal request by the surgeon. In both groups the 

radiology technician was present in the operating room during the entire operation. The tech-

nician controlled the collimator and stored the images. Patients in both groups, were treated 

following the local hospital protocol. Surgical procedures were performed by an orthopedic 

trauma surgeon or by a resident-in-training supervised by one of these orthopedic trauma 

surgeons.

The operating rooms were equipped with a Philips NZS55 fluoroscope, which digitally records 

the total exposure time, the air kerma (in mGy), and the dose-area product (DAP, in mGy.m2). 

The DAP meter measures the radiation dose to air, times the area of the X-ray field. The DAP 

correlates well with the effective dose for patient and surgeon. (6) The C-arm has an Automatic 

Brightness Control that keeps the brightness of the displayed image at a constant level during 

examination. (7) The radiation potential (kVp) and tube current (mA) were adjusted auto-

matically depending on the anatomy being examined. It determined the amount of radiation 

(mGy) per time unit. The overall exposure time and amount of radiation (mGy) were stored 

automatically and digitally. The overall exposure time included all exposure episodes during 

surgery, including patient positioning and checking of implant positioning.

Outcome measures and data collection

The primary outcome measure was the overall exposure time. Secondary outcome measures 

were the effective radiation dosage and the DAP. In addition, the following data were collected: 

1) Patient characteristics (i.e., age, gender, height, and weight); 2) Injury characteristics (i.e.., 

affected side and type of fracture); and 3) Operation characteristics (i.e.., implant type, surgery 

by trauma surgeon or resident-in-training, and perioperative complications).

statistical analysis

A three-month pilot study revealed that the mean exposure time of technician-controlled 

indirect fluoroscopy was 114.6 seconds with a standard deviation (SD) of 86 seconds. Based 

upon a previous study a reduction of 35-40% was expected. (8) This trial was designed to enrol 

100 patients, yielding 80% power to detect 35% exposure time reduction (mean 74, SD 56 

seconds) with a two-sided significance level of 0.05. Sample size calculation was done using the 

online program DSS Research (www.dssresearch.com/toolkit/sscalc/size.asp).

Data were analyzed using the Statistical Package for the Social Sciences version 21 (SPSS, 

Chicago, Illinois, USA). Analysis was by intention to treat and all statistical tests were two-

sided, with p<0.05 as threshold for statistical significance. Normality of continuous data was 
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tested using the Shapiro-Wilk test. Missing data were not imputed. Subgroup analysis for type 

of fracture was planned, depending on actual enrolment numbers

Descriptive analysis was performed in order to report outcome measures and patient, injury, 

and intervention characteristics in both trial arms. Continuous data were all nonparametric 

and are reported as medians with percentiles. Categorical data are reported as numbers with 

frequencies. Statistical significance between the two groups was tested using a Mann-Whitney 

U-test (continuous variables) or Chi squared test or Fisher’s Exact test (categorical variables).

Next, multiple linear regression analysis was performed in order to model the relationship 

between different covariates and the exposure time (dependent variable). The group identity 

(i.e., intervention or control) as well as patient, injury and intervention characteristics that 

displayed a p-value <0.05 in the univariate analyses were added as a covariate. A similar model 

was made in which the effective radiation dosage and the DAP as dependent variable. Beta 

values with 95% confidence interval are reported.

ResuLTs

Patient, injury and operation characteristics

Between March 5, 2014 and August 19, 2015, 421 consecutive patients with a hip fracture 

who required surgery were screened for eligibility, of whom 100 were included. Of the included 

patients, 52 patients were assigned to the intervention group and 48 to the control group (Fig-

ure 1). All patients received the allocated fluoroscopy. Two patients in each group were lost to 

follow-up; one patient (with a collum femoris fracture) in the control group withdrew consent, 

and for the other three patients the radiation details were not stored on the C-arm. The remain-

ing 96 patients, with a median age of 84 years, were included in the analysis. Seventy-three 

(76%) patients were female and the right side was fractured in 43 (45%) patients. Eighty-nine 

(93%) patients had a pertrochanteric fracture, and treatment was done with a gamma nail 

or long gamma nail in 61 (64%) and 32 (33%) patients, respectively. Of the pertrochanteric 

fractures, 36 (40%) patients had an A1 fracture subtype, 37 (42%) an A2 fracture subtype, 

and 16 (18%) an A3 fracture subtype. The median operation time was 74 minutes. Only 

two preoperative complications occurred, both in the control group; one patient developed a 

superficial wound infection, for which antibiotic treatment was started, and one patient had 

significant blood loss (700 mL), for which a Redon drain was placed after surgery.
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Randomization resulted in similar patient, injury, and operation characteristics in the two 

groups (Table 1). Since 93% of patients had a pertrochanteric fracture, a subgroup analysis was 

performed for this group. Similar as in the overall population, patient, injury, and intervention 

characteristics were similar in the two groups (Table 2).

Table 1. Characteristics for the intervention and control group in the total study population

Parameter Total population

(n=96)

Intervention group

(n=50)

Control group

(n=46)

P-value

Age at surgery (years) 84 (74-89) 84 (75-89) 84 (74-88) 0.600

Female gender 73 (76%) 41 (82%) 32 (70%) 0.231

Height (m) A 1.63 (1.58-1.70) 1.65 (1.57-1.70) 1.63 (1.58-1.73) 0.893

Weight (kg) B 62 (55-77) 60 (54-71) 64 (57-80) 0.152

BMI (kg/m2) C 23.4 (20.8-25.8) 22.3 (19.7-26.4) 24.1 (22.0-26.1) 0.065

Fracture type Pertrochanteric 89 (93%) 47 (94%) 42 (91%) 0.707

Subrochanteric 7 (7%) 3 (6%) 4 (9%)

Right side affected 43 (45%) 25 (50%) 18 (39%) 0.311

Implant Gamma nail 61 (64%) 33 (66%) 28 (61%) 0.704

Long gamma nail 32 (33%) 15 (30%) 17 (37%)

Sliding hip screw 3 (3%) 2 (4%) 1 (2%)

Operation time (minutes) 74 (63-90) 74 (72-92) 74 (60-82) 0.228

Surgeon Resident-in-training 84 (88%) 43 (86%) 41 (89%) 0.762

Surgeon 12 (12%) 7 (14%) 5 (11%)

Peroperative complications 2 (2%) 0 (0%) 2 (4%) 0.227

Categorical variables are presented as numbers (%) and tested with a Chi squared or Fisher’s exact test. Continuous values are ex-
pressed as median (P25-P75) and tested with a Mann-Whitney U-test. mGy, milliGray; DAP, Dose area product.
A Data missing for 4 patients in the intervention group and 8 in the control group.
B Data missing for 1 patients in the intervention group and 2 in the control group.
C Data missing for 5 patients in the intervention group and 8 in the control group.
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Outcome

Radiation data are shown in Table 3. In the overall study population, the median overall radia-

tion time was 53 seconds, with a total radiation dose of 3.5 mGy and a DAP of 0.0572 mGy.

m2. In the subgroup of pertrochanteric fractures, the median overall radiation time was 53 

seconds, with a total radiation dose of 3.5 mGy and a DAP of 0.0572 mGy.m2. Univariate 

analysis revealed no statistically significant differences between the intervention and control 

groups both in the overall and the subgroup analysis.

Table 2. Characteristics for the intervention and control group in the subgroup of patients with a pertrochanteric fracture

Parameter Total population

(n=89)

Intervention group

(n=47)

Control group

(n=42)

P-value

Age at surgery (years) 84 (74-89) 84 (73-90) 84 (74-88) 0.675

Female gender 68 (76%) 38 (81%) 30 (71%) 0.327

Height (m) A 1.63 (1.58-1.70) 1.65 (1.57-1.70) 1.61 (1.58-1.70) 0.642

Weight (kg) B 62 (55-77) 60 (54-73) 63 (56-78) 0.251

BMI (kg/m2) C 23.3 (20.8-25.7) 22.3 (19.5-25.4) 24.0 (21.9-25.8) 0.094

Right side affected 41 (46%) 24 (51%) 17 (41%) 0.395

Fracture class A1 36 (40%) 21 (45%) 15 (36%) 0.688

A2 37 (42%) 18 (38%) 19 (45%)

A3 16 (18%) 8 (17%) 8 (19%)

Implant Gamma nail 60 (67%) 32 (68%) 28 (67%) 0.852

Long gamma nail 26 (29%) 13 (28%) 13 (31%)

Sliding hip screw 3 (3%) 2 (4%) 1 (2%)

Operation time (minutes) 74 (61-89) 74 (72-90) 75 (60-82) 0.309

Surgeon Resident-in-training 77 (87%) 40 (85%) 37 (88%) 0.763

Surgeon 12 (14%) 7 (15%) 5 (12%)

Peroperative complications 1 (1%) 0 (0%) 1 (2%) 0.472

Categorical variables are presented as numbers (%) and tested with a Chi squared or Fisher’s exact test. Continuous values are ex-
pressed as median (P25-P75) and tested with a Mann-Whitney U-test. mGy, milliGray; DAP, Dose area product.
A Data missing for 3 patients in the intervention group and 7 in the control group.
B Data missing for 1 patients in the intervention group and 2 in the control group.
C Data missing for 4 patients in the intervention group and 7 in the control group.
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DIsCussIOn

This study is as far as we know the first randomized controlled trial assessing the effects of 

surgeon-controlled C-arm versus radiology technician-controlled C-arm operation on radia-

tion time, radiation dose, and DAP in patients with a hip fracture treated with internal fixation. 

No significant differences in overall radiation time, total radiation dose, and DAP were found 

in the univariate analysis. After adjusting for confounders, a statistically significant difference 

was found in favor of indirect fluoroscopy for the total study population (18.50 sec) as well as 

for the pertrochanteric subpopulation (20.28 sec).

Table 4. unadjusted and adjusted effect of direct versus indirect fluoroscopy on radiation time, radiation dose, and DAP

unadjusted analysis Adjusted analysisA

Beta (95% CI) P-value Beta (95% CI) P-value

Total study population (N=96)

Radiation time (seconds) 11.51 (-4.02 ; 27.04) 0.144 18.50 (2.19 ; 34.81) 0.027

Radiation dose (mGy) 0.28 (-1.50 ; 2.07) 0.753 1.01 (-0.83 ; 2.85) 0.277

DAP (mGy.m2) 0.005 (-0.02 ; 0.04) 0.716 0.01 (-0.02 ; 0.05) 0.382

Pertrochanteric fractures (N=89)

Radiation time (seconds) 17.61 (2.35 ; 32.86) 0.239 20.28 (4.18 ; 36.38) 0.014

Radiation dose (mGy) 0.81 (-1.01 ; 2.63) 0.229 1.14 (-0.73 ; 3.00) 0.229

DAP (mGy.m2) 0.01 (-0.02 ; 0.04) 0.425 0.02 (-0.02 ; 0.05) 0.344

mGy, milligray; DAP, Dose area product.
A Adjusted beta was corrected for gender, BMI, affected side, operation duration, and occurrence of preoperative complications.
Male gender, fracture at right side, absence of preoperative complications, and control group were used as reference groups.

Table 3. Radiation in the intervention and control group, both in the total study population and in the subgroup of patients 

with a pertrochanteric fracture, treated with a gamma nail, long gamma nail or sliding hip screw.

Parameter Total population Intervention group Control group p-value

Total study population N=96 N=50 N=46 p-value

Radiation time (seconds) 53.0 (39.5-81.8) 55.5 (40.5-89.3) 50.5 (39.0-68.8) 0.245

Radiation dose (mGy) 3.5 (1.9-6.5) 3.6 (2.2-7.0) 3.4 (1.8-5.9) 0.369

DAP (mGy.m2) 0.0572 (0.0278-0.0991) 0.0585 (0.0359-0.1035) 0.0522 (0.0242-0.0911) 0.328

Pertrochanteric fractures N=89 N=47 N=42 p-value

Radiation time (seconds) 53.0 (41.0-74.5) 57.0 (46.0-89.0) 49.0 (39.0-65.8) 0.072

Radiation dose (mGy) 3.5 (2.1-6.2) 3.8 (2.3-7.3) 3.3 (1.8-4.9) 0.136

DAP (mGy.m2) 0.0572 (0.0290-0.0972) 0.0590 (0.0367-0.1111) 0.0502 (0.0242-0.0743) 0.128

Data are expressed as median (P25-P75) and tested with a Mann-Whitney U-test.
mGy, milliGray; DAP, Dose area product.
In the total study population, linear regression analysis revealed no statistically significant effect of direct image acquisition on the 
radiation time (beta 11.51; p=0.144; Table 4). However, when adjusted for potential confounders, the difference in overall radiation 
time of 18.50 (95% CI 2.19 ; 34.81, p=0.027) was found in favour of indirect image acquisition. For the subgroup of pertrochan-
teric fractures, the adjusted beta (20.28; p=0.014) showed a significant effect of the use of direct image acquisition on the radiation 
time, whereas the unadjusted beta was not (17.61; p=0.239). Despite this significant effect on radiation time, no effect of direct 
image acquisition on radiation dose or DAP was found in the unadjusted nor in the adjusted analysis.
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The ALARA principle emphasizes the relevance to minimize the emitted radiation. In response, 

the mobile C-arm with intra-operative fluoroscopy has increasingly been used during surgery 

over the last years. Radiation exposure during orthopaedic surgery is inevitable for the surgeon 

and patient. However with awareness for the fluoroscopy time and implementation of the 

ALARA principle, radiation dose is reduced in the last decades. Because of this, the radiation 

dose of one hip fracture surgery (3.5 mGy) in our study is comparable with three times a chest 

X-ray or one transatlantic flight.(9)

In search for even further reduction of exposure time, direct image acquisition has been sug-

gested because it would avoid a verbal delay between the surgeon and the technician. Indeed, 

an earlier study on the use of the C-arm during orthopedic surgery showed that the mean expo-

sure duration reduced from 65 to 35 seconds (p<0.05) if the surgeon instead of the technician 

controls the C-arm. (6) As promising as this sound, the types of procedures were not specified 

in this earlier study and as a result it is unclear whether differences between both groups 

might have introduced bias. Another study has shown that Cardiologist-operated fluoroscopy 

and image acquisition during routine coronary angiography also reduces the patient radiation 

exposure compared with radiographer-operated procedures. (10)

However, this study does not confirm these results for internal fixation for hip fracture surgery. 

This difference can be explained by several reasons. Firstly, if a surgeon is in control of the 

C-arm and the threshold to request an image disappears, a side effect could be that the surgeon 

obtains more images using direct fluoroscopy.

Secondly, the average time of fluoroscopy exposure during surgery is relatively short in this 

study compared with existing literature (53 seconds vs. 3.2 minutes) (6), therefore significant 

differences between direct and indirect fluoroscopy are probably harder to identify.

This study has some limitations. First is the type of fractures in this study, where all hip frac-

tures treated with osteosynthesis and hence requiring fluoroscopy were included. The majority 

of this study however, describes pertrochanteric fractures. The second limitation was the size of 

the study population. Since there was a statistically significant difference in radiation time after 

correction for possible confounders, it was expected to also show this difference for radiation 

dose and DAP. The current study, however, does not show these results. Should the study 

be repeated, basing the study on difference in radiation dose or DAP seems justified. And 

although only significant in radiation duration after adjusting for several cofounders, it seems 

better that the radiology technician controls the fluoroscopy during surgery.

This study showed statistically significantly lower radiation duration using indirect technician-

controlled fluoroscopy for the total population and the pertrochanteric fracture subgroup 
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when adjusted for several confounders although no significant effects on total radiation dose 

or DAP were found. If we want to reduce the radiation dose even further, more research on 

differences in radiation dose or DAP for direct and indirect fluoroscopy is needed.
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Part C

Clinical outcome after hip surgery





Chapter 6

The mI anterolateral approach vs. the 

traditional anterolateral approach (Watson-

Jones) for hip hemi arthroplasty

Louis de Jong
Taco M.A.L. Klem

Tjallingius M. Kuijper
Gert R. Roukema

International Orthopaedics. Aug 2018, Vol 42; 8:1943–1948



74

C
ha

pt
er

 6

ABsTRACT

Aims

The minimally invasive (MI) anterolateral approach is a relatively new approach for the 

treatment of femoral neck fractures with a hemi arthroplasty (HA). There is limited research 

available presenting clinical outcomes after a HA using the MI approach. Therefore the aim 

of the present study was to compare clinical outcomes of the MI and traditional anterolateral 

approach in patients after HA.

Patients and methods

Data were extracted from a prospective hip fracture database and completed by retrospective 

review of the electronic medical records. Patients undergoing a HA in a level II trauma teaching 

hospital between 1 January 2011 and 1 May 2016 were enrolled.

Results

A total of 463 patients (67% female), 223 in the MI group (mean age 82 ± 7) and 240 (mean age 

81 ± 8) in the traditional anterolateral group were enrolled. No significant difference was found 

in baseline characteristics. The surgeons experience measured by the operations performed per 

year was in favor of the MI anterolateral group (26 vs 18, p<0.001). The median operating time 

for a MI approach was shorter (53 vs 69 minutes, p<0.001). No significant differences were 

found in mortality rates (p=0.131) and post-operative complications: haematomas (p=0.63), 

dislocations (p=0.63), deep SSIs (p=0.66) and reoperations.

Conclusions

Our findings show the minimally invasive anterolateral approach has a minimally shorter 

operation time with no difference in post-operative complications and clinical outcomes. We 

therefore conclude that the MI anterolateral approach is a safe alternative for the traditional 

anterolateral approach with an improved operation time, a smaller incision and less surround-

ing tissue damage.



75

Th
e 

M
I 

an
te

ro
la

te
ra

l a
pp

ro
ac

h 
vs

. t
he

 tr
ad

it
io

na
l a

nt
er

ol
at

er
al

 a
pp

ro
ac

h 
(W

at
so

n-
Jo

ne
s)

 fo
r 

hi
p 

he
m

i a
rt

hr
op

la
st

y

InTRODuCTIOn

Life expectancy is increasing and, as the population at risk ages, hip fractures will cause an 

increase in the number of emergency admissions and surgical procedures. [1, 2] After a hip 

fracture the aim of surgical treatment is pain relief and early mobilization of the elderly patient 

reducing post-operative complications.[3, 4] Nondisplaced femoral neck fractures are in gen-

eral fixated by internal fixation and displaced fractures by hip arthroplasty (THA or HA). [5-7] 

For hip arthroplasty the traditional anterolateral approach (Watson-Jones) is commonly used 

with good clinical results.[5, 8-10] During the operation the anterior portion of the m. gluteus 

medius is divided, inevitably causing damage to the superior gluteal nerve and surrounding 

tissues. In order to reduce further damage to surrounding tissues several minimal invasive (MI) 

approaches have been introduced.[11-15] The MI Watson Jones approach was first described 

by Bertin et al in 2004.[11] This approach minimizes damage of the surrounding tissues and 

the superior gluteal nerve using the intermuscular plane between the gluteus medius and the 

tensor fascia lata. The MI anterolateral approach has been reported to be useful in total hip 

arthroplasty, reducing postoperative pain and providing faster rehabilitation. [13, 16] Yet there 

is limited research available presenting clinical outcomes after a HA using the MI approach in 

patients with a femoral neck fracture.

Therefore the aim of the present study was to compare clinical outcomes after the MI and 

traditional anterolateral approach in patients with a HA after a femoral neck fracture.

PATIenT AnD meTHODs

This study, enrolled consecutive patients admitted at a level II trauma teaching hospital in Rot-

terdam, the Netherlands (1 January 2011 to 1 May 2016) with proximal hip fractures. In total 

1184 patients received surgical treatment for their hip fracture during this period. (Figure 1)

Those treated with a hemi arthroplasty were selected for further analyses (n=463). All baseline 

characteristics and clinical data were completed by retrospective review of the electronic medi-

cal records. The local ethics committee gave its approval for the study.

The MI Watson-Jones approach starts with a 6-7 cm skin incision beginning at the anterior 

tubercle of the greater trochanter extending towards the anterior superior iliac spine. [11] One 

fourth of the incision is over the trochanter and the rest is proximal. The anterior border of 

the gluteus medius and minimus are palpated at their insertion on to the greater trochanter to 

exposure the intermuscular plane between the tensor fascia lata and gluteus medius. Retractors 

are placed superior (between capsule and gluteal muscles) and then inferior of the femoral neck 
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border overlying the hip capsule. After placing retractors, slight external rotation improves 

access for releasing the capsule. The natural longitudinal space between the tensor fascia lata 

and gluteus medius is used positioning the fractured leg posterior of the non-fractured leg.

Outcome variables were selected based on existing literature for comparison of the two anatomi-

cal approaches. Primary outcomes were the rate of deep surgical site infections, haematomas 

and dislocations needing surgery. Secondary outcomes were difference in surgery time and 

90-day mortality rates between both groups. The definition of a deep surgical site infection 

was obtained from the classification system of the United states Centers for Disease Control 

(CDC) and Prevention of surgical site infections [17]. A deep organ/space SSI was diagnosed 

as an infection involving the tissue beneath the fasciae latae. Post-operative haematomas were 

diagnosed as deep palpable fluctuating blood collections under the dermal layer of the skin.

In order to combine the patient’s comorbidities and general status we searched for a risk score 

more specific than the ASA (American Society of Anaesthesiologists) classification. We used the 

Nottingham hip fracture score (NHFS) as a comorbidity prediction score. [18, 19] The NHFS 

was originally developed and validated as a predictor for mortality after hip fracture surgery, 

containing age, sex, number of comorbidities, mini-mental test score ≤6 out of 10 (MMSE), 

hemoglobin concentration on admission, residency and the presence of a malignant disease in 

the past twenty years. In the original NHFS, the MMSE was used to detect cognitive dysfunc-

tion at admission. In our patients cognitive dysfunction was already diagnosed and described 

in the patient charts, which made the variable cognitive dysfunction directly applicable to the 

NHFS without MMSE detection scores.

Standard antibiotic prophylaxis was Cefazolin (Kefzol) intravenously 20-30 minutes before 

the operation. Laminar air flow theatres were used to perform the operations and the standard 

hemiarthroplasty implant in all patients was a unipolar cemented (Palamed G, gentamicin 

impregnated cement) prosthesis (Mathys CCA). Operations were performed by six orthopedic 

trauma surgeons, four surgeons performed the traditional anterolateral approach and two the 

MI anterolateral approach. All patients were in follow up for at least 3 months after enrollment.

statistical analysis

Categorical variables are presented as frequencies and percentages and were compared with 

the use of the Pearson’s Chi-squared-test or the Fisher’s exact test. Continuous variables are 

presented as means (±SD) in case of an approximate normal distribution or medians (IQR) in 

case of a skewed distribution and compared with the use of the two-sample independent t test 

or Wilcoxon rank-sum test. Bonferroni correction was applied to account for multiple testing. 

Effects on surgery time were evaluated by multivariable analysis using a linear mixed model 

with random intercept for surgeon to account for clustering effects.The statistical analyses 
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were performed using Stata version 14.0 (StataCorp, TX, USA) and all statistical tests were 

two-sided with a signifi cance level P<0.05. Mortality rates were estimated and displayed using 

the Kaplan-Meier estimator.

ResuLTs

A total of 463 patients were enrolled between 1 January 2011 to 1 May 2016. (Figure 1) 

Th e traditional anterolateral group included 240 patients with a mean age of 81 years. Th e 

MI anterolateral group included 223 patients with a mean age of 82 years. No signifi cant 

diff erence was found in baseline characteristics (Table 1) with respect to age (P=0.06), gender 

(P=0.90), BMI (P=0.44), walking aids (P=0.657), ASA (P=0.58) and NHFS (P=0.96). Th e 

surgeons experience was measured as the median number of operations performed per year, 

and was in favor of the MI anterolateral group (26 vs 18, P<0.001).

All hip fractures 

n=1184 

Trochanteric hip 

fractures n=532 
Intracapsular hip 

fractures n= 652 

Total hip 

athroplasty n=12  

 Hemi 

athroplasty 

n=463 

anterolateral 

n=240 
MI anterolateral 

n=223 

Internal fixation 

n= 177 

Figure I. Flow chart of included patients
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Primary outcomes

The rate of haematomas needing a surgical exploration were the same in both groups (0.4%). 

Hip dislocation occurred in n=2 (0.8%) after the MI anterolateral approach and n=4 (0.9%) 

with a traditional approach (P=0.749). According to the CDC-criteria, 13 patients (2.8%) 

had a deep surgical site infection, no significant difference was found between both groups 

(P=0.664).

Table I. Baseline characteristics of 463 included patients

Factor Overall (463) mI anterolateral (223) anterolateral (240) P-value*

n / known n (%) n / known n (%) n / known n (%)

Age (mean ±SD) 81 ± 8 82 ± 8 81 ± 8 0.057₸

Female Gender 310 / 463 (67) 150 / 223 (67) 160 / 240 (67) 0.891

nHFs (median, IQR) 4 (4 - 5) 4 (4 - 5) 4 (4 - 5) 0.956¥

AsA score 0.737

1 7 / 456 (1) 2 / 217 (1) 5 / 239 (2)

2 224 / 456 (50) 105 / 217 (48) 119 / 239 (50)

3 214 / 456 (47) 105 / 217 (48) 109 / 239 (46)

4 11 / 456 (2) 5 / 217 (2) 6 / 239 (3)

Polypharmacy (>4 medications) 245 / 463 (53) 117 / 223 (52) 128 / 240 (53) 0.852

Cognitive impairment 119 / 463 (26) 50 / 223 (22) 69 / 240 (29) 0.119

BmI 24.8 ± 4.4 24.9 ± 4.7 24.6 ± 4.1 0.438

surgery experience (median IQR) 21 (18 - 26) 26 (21 - 26) 18 (15 - 21) 0.001¥

Pre-operative walking aids (%) 0.657

none 268 / 415 (65) 127 / 200 (64) 141 / 215 (66)

walking-cane 7 / 415 (2) 5 / 200 (3) 2 / 215 (1)

rollator 120 / 415 (29) 58 / 200 (29) 62 / 215 (29)

wheelchair or mobility scooter 20 / 415 (5) 10 / 200 (5) 10 / 215 (5)

* Pearson’s Chi-squared test was used unless specified otherwise
₸ Student’s t-test
¥ Wilcoxon rank-sum test
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secondary outcomes

The median surgery time was significantly shorter in the MI anterolateral group (53 minutes) 

compared to the traditional group (63 minutes). (P=0.001) There was no significant difference 

in Hb loss (1.5 vs. 1.6 mmol/L, P=0.161) and post-operative pain (P=0.180) measured by the 

visual analog scale between both anatomical approaches. Table III shows the final multivariable 

analysis results of factors influencing surgery time. The surgery time of a MI anterolateral 

approach remained significant shorter after correction for surgery experience, BMI, gender, 

age and NHFS. (P<0.001)

Overall 90-day all-cause mortality was 14% (MI 17% vs. traditional 12 %) (Table 2) Kaplan-

meier curves for cumulative survival beyond 90 days of follow-up are shown (Figure 2). An 

additional analyses of 90-day mortality with adjustment for age, gender, NHFS and surgery 

experience also found no difference in all-cause mortality by anatomical approach (Supple-

mental file).

Table II. MI anterolateral vs. traditional anterolateral approach

Factor Overall (463) mI anterolateral (223) anterolateral (240) P-value*₳

n / known n or
(mean ±SD)

n / known n (%) or
(mean ±SD)

n / known n (%) or
(mean ±SD)

surgery time (min) (median IQR) 63 (52 - 73) 53 (47 - 64) 69 (61 - 80) <0.001¥

Hb loss (mmol/l) 450 (1.5 ± 0.8) 217 (1.5 ± 0.9) 233 (1.6 ± 0.8) 0.124₸

Pain day 1 (VAs) (median IQR) 2 (0 - 4) 2 (0 - 4) 2 (0 - 4) 0.180¥

Haematoma 46 / 399 (12) 24 / 195 (12) 22 / 204 (11) 0.634

Reoperation haematoma 2 / 463 (0.4) 1 / 223 (0.4) 1 / 240 (0.5) 0.999§

Dislocation 6 / 463 (1.3) 2 / 223 (0.9) 4 / 240 (1.7) 0.687§

Reoperation Dislocation 2 / 463 (0.4) 1 / 223 (0.4) 1 / 240 (0.5) 0.959§

Deep ssI 13 / 458 (2.9) 7 / 218 (3.2) 6 / 240 (2.5) 0.781

Ready for discharge (days) (median IQR) 5 (4 - 7) 5 (4 - 7) 5 (4 - 8) 0.111¥

Hospital stay (days) (median IQR) 7 (5 - 10) 7 (5 - 10) 7 (5 - 11) 0.911¥

Re-admission 29 / 451 (6) 13 / 215 (6) 16 / 236 (7) 0.751

Post-operative walking aids (%) 0.119

none 124 / 272 (46) 52 / 132 (40) 72 / 140 (51)

walking-cane 23 / 272 (8) 13 / 132 (10) 10 / 140 (7)

rollator 107 / 272 (39) 60 / 132 (45) 47 / 140 (34)

wheelchair or mobility scooter 18 / 272 (7) 7 / 132 (5) 11 / 140 (8)

mortality

90-day 66 / 463 (14) 37 / 223 (17) 29 / 240 (12) 0.166 

₳ Significance level after Bonferroni correction: P=0.05/12 = 0.00417
* Pearson’s Chi-squared test was used unless specified otherwise
₸ Student’s t-test
¥ Wilcoxon rank-sum test
§ Fisher’s exact test
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Clinical outcome

The median length of primary in-hospital stay in the MI group was 7 (IQR 5 – 10) days com-

pared with 7 (IQR 5 -11) days in the traditional anterolateral group (P=0.91). A total of 340 

patients (77%) were in follow up at the outpatient clinic for post-discharge wound control. 

The remaining patients were in follow up by a nursing home physician at their residency or by 

a general practitioner at home.

Table III. Multivariable analyses of factors affecting HA surgery time***

Factor Difference* (sD) 95% CI

mI anterolateral -17 (2.6) -22.444 to -12.249

nHFs** 1.4 (0.8) -0.203 to -2.914

Age -0.1 (0.1) -0.312 to 0.171

Gender 0.1 (2) -3.643 to -3.931

surgery experience 0 (0.01) -0.458 to 0.018

BmI < 18.5 -7 (3.2) -13.197 to -0.730

BmI > 30 7.5 (2.5) 2.603 to 12.480

*Surgery time in minutes
** NHFS: Nottingham hip fracture score
*** Linear mixed model including a random intercept for surgeon to account for clustering

Figure II. Kaplan-Meier curve showing mortality rates after hemiarthroplasty
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DIsCussIOn

The hip hemi arthroplasty is a radical surgical procedure mainly performed in elderly and 

fragile patients with a high risk for mortality. Therefore the impact of the operation should be 

as low as possible. In the past decades multiple minimal invasive approaches to the hip joint 

has been described. [11, 13, 20, 21] The anterolateral (Watson-Jones) approach is frequently 

used because of less intraoperative fractures and reduction in dislocation rates compared to the 

anterior and posterior approach. [9, 22-25] The level of rehabilitation and the percentage of 

post-operative complications could be reduced using a MI anterolateral approach during the 

operation. Besides the anterolateral approach the anterior minimal invasive approach gained 

popularity and the complication of intraoperative fractures could be reduced by preoperative 

3D planning. [20]

After the impact of a hip fracture the surrounding muscles and tissues are affected. The aim 

of MI surgery is to reduce further damage and to limit the amount of blood loss during 

the operation. In 2004 Bertin et al. described the first MI anterolateral approach in elective 

total hip replacement surgery.[11] During the following years multiple studies researched the 

clinical outcomes of the MI anterolateral approach in elective total hip surgery. [13, 21, 26, 

27]. However currently there is limited research available describing clinical outcomes after MI 

surgery in patients with a HA after a femoral neck fracture.

In this consecutive HA series of 463 patients we found the median surgery time was sig-

nificantly shorter in the MI anterolateral group (53 vs 63 minutes). This difference remained 

significant after correction for multiple testing by the Bonferroni method. The median number 

of surgeries performed by the orthopaedic trauma surgeon using the MI anterolateral approach 

was higher per year (26 vs 18). However the surgery time of a MI anterolateral approach 

remained significantly shorter after correcting for surgery experience, BMI, gender, age and 

NHFS. (P<0.001) The orthopaedic trauma surgeons performing the traditional approach had 

operation times comparable to literature. [13, 26] Overall 90-day mortality rates were similar 

in both groups (MI 17% vs. AL 12%, p=0.166). Furthermore, an adjusted analysis of 90-day 

mortality on our sample correcting for surgery experience, age, gender and NHFS lead to 

similar results compared to the unadjusted analysis reported [supplemental file].

In total 195 patients (35%) used walking aids preoperatively, after surgery this increased to 

54%. In accordance to Repantis et al. our findings showed no significant difference with 

respect to pre- and postoperative walking aids in both groups. [21] Moreover there was no 

significant difference in complications, Hb loss and post-operative pain between both anatomi-

cal approaches. The length of primary in-hospital stay was the same in both groups (7 days). 

This may possibly be explained by the frail hip fracture population because these patients often 
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need to wait for additional rehabilitation in nursing home facilities becoming available after 

they are ready for discharge.

strengths and limitations

Most of existing literature describes the MI anterolateral approach after a THA in elective hip 

surgery. Our study compares the two anterolateral approaches after a femoral neck fracture 

in a frail population. Due to a consecutive database in combination with electronic medical 

records, selection bias was partly prevented. Baseline characteristics and clinical data had to 

be completed in retrospect, leading to a potential absence of data on confounding factors. 

However missing data was limited (<1% in all covariates except BMI (35%). Although this was 

an observational study in which allocation of the two approaches was not randomized, baseline 

characteristics between groups were very similar, indicating comparability of the groups. Fur-

thermore, in additional adjusted analyses, similar effects for anatomical approach on 90-day 

mortality and surgery time were observed. Hence, bias due to confounding by measured factors 

is unlikely, although bias due to unmeasured confounders cannot be completely ruled out. In 

aspect of clinical outcome after minimal invasive surgery, muscle damage is a more important 

parameter than a smaller skin incision. Our study did not provide detailed information about 

muscle strength following surgery, therefore we cannot conclude there is benefit for muscle 

strength and mobility level after minimal invasive surgery compared to standard anterolateral 

surgery.  A randomized clinical trial would be the best comparing both anatomical approaches 

and should focus on post-operative mobility, muscle damage and patient reported outcomes 

after surgery. Patient reported outcomes are more difficult to collect in a frail hip fracture 

population with a dementia percentage up to 30%. However in the remaining group collection 

of long term pain and mobility scores are important to compare clinical outcomes between 

both anatomical approaches.

COnCLusIOn

Our findings show the minimally invasive anterolateral approach has a minimally shorter 

operation time with no difference in post-operative complications and clinical outcomes. We 

therefore conclude that the MI anterolateral approach is a safe alternative for the traditional 

anterolateral approach with an improved operation time, a smaller incision and less surround-

ing tissue damage. Randomized clinical trials are needed to provide results on long-term 

postoperative mobility and patient reported outcomes.
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suPPLemenTARy DATA

supplementary Table 1 Multiple logistic regression analysis for the effect of minimally invasive surgery compared to traditional 
anterolateral approach on 90-day mortality, adjusting for surgery experience, age, gender and modified NHFS score.

OR 95% CI P-value

minimally invasive§ 1.38 0.79 – 2.43 0.260

Surgery experience 1.00 0.99 – 1.01 0.548

Age 1.03 0.99 – 1.07 0.188

Female gender 0.80 0.42 – 1.54 0.508

Modified NHFS 1.60 1.23 – 2.09 0.001

§Reference is traditional anterolateral approach

supplementary Table 2 Multiple linear regression analysis for the effect of minimally invasive surgery compared to traditional 
anterolateral approach on surgery time (minutes), adjusting for surgery experience, age, gender and modified NHFS score.

Coefficient 95% CI P-value

minimally invasive§ -16.4 -19.6 – -13.2 <0.001

Surgery experience -0.11 -0.38 – 0.16 0.415

Age -0.17 -0.39 – 0.06 0.152

Female gender 0.81 -2.88 – 4.51 0.665

Modified NHFS 1.14 -0.38 – 0.16 0.138

§Reference is traditional anterolateral approach
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ABsTRACT

Introduction: For a number of emergency conditions, admission over the weekend has been 

associated with rising morbidity and mortality rates. However, different studies have provided 

conflicting results regarding the increased rates of mortality and morbidity for patients with 

intracapsular femoral fracture who were admitted over the weekend, compared to weekdays. 

This study investigated the effect of weekend admissions on the surgical outcomes of patients 

with intracapsular femoral neck fractures. 

materials and methods: We conducted a retrospective cohort study of all the patients who 

were admitted to our level-II trauma center with an intracapsular femoral neck fracture be-

tween January 2009 and June 2011. Admission was classified as at the weekend if it took place 

between 18:00 PM on Friday until midnight on Sunday or on bank holidays. We compared the 

mortality rates within 30 days and 6 months after surgery for weekday and weekend admissions. 

Secondary outcomes considered included length of hospital stay, postoperative complications, 

and reoperation rates. Statistical analysis was performed using logistic regression models, which 

were adjusted for patient and surgical characteristics. 

Results: In total, 315 patients met our inclusion criteria. The mean age of this group was 77.9 

years (standard deviation ±13) and the female to male ratio was 5:2. The average follow-up 

period was 49 months. Under logistic regression analysis, weekend admission was not a signifi-

cant independent risk factor for the 30-day mortality rate (odds ratio 1.85, 95% confidence 

interval, 0.74-4.62; P = .19). Seventy-seven patients admitted over the weekend were treated 

within 24 hours versus 125 patients for the weekday group (80.2% vs 57.9%; P = .005). There 

were no differences between the sample groups in relation to implant-related complications 

(24.9% vs 25.8%, respectively, P = .89) nor in relation to general complications (12% vs 

18.6%, respectively, P = .06). The mean hospital stay of patients operated on during weekends 

or holidays was significantly shorter compared to patients operated on during weekdays (6.7 

vs 8.5 days; P = .009). 

Conclusion: Patients with intracapsular femoral neck fractures who were admitted over the 

weekend at our trauma center did not have a higher risk of mortality or morbidity. Furthermore, 

temporary preoperative care provided over the weekend by an internal medical consultant can 

be safe and efficient even in the circumstances where there is a lack of dedicated geriatric 

support. The absence of an elective operating list at the weekend could be a potential factor in 

shortening waiting times for surgery for intracapsular femoral neck fracture at weekends and 

holidays. 
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InTRODuCTIOn

Several studies have shown that the weekend admission of patients with urgent conditions, 

such as aortic artery aneurysms or intracranial injuries, is associated with an increased risk of 

mortality and morbidity.1,2 These poorer outcomes may be due to inadequate organization 

of health-care services at the weekend compared to weekdays or the admission of patients 

with more severe problems at the weekend.3 This variability in outcomes has raised serious 

concerns over staffing levels and hospital organizational structures at the weekend.4 Although 

no causal evidence has supported this link, a majority of politicians in England are pushing 

for 7-day health services in the National Health Service.5,6 It is a matter of debate whether the 

increased mortality rates for weekend admissions is applicable to acute orthopedic conditions 

such as intracapsular femoral neck fracture. The few available studies that have investigated 

the mortality rates of patients admitted over the weekend with an intracapsular femoral neck 

fracture have demonstrated conflicting results. A British study conducted by Thomas et al 

showed that the weekend admission of patients with a hip fracture was associated with a rise 

in 30-day mortality rates compared to weekday admissions (10.2% vs 8.2%, odds ratio [OR] 

1.4, 95% confidence interval [CI], 1.02-1.9; P = .039).7 On the other hand, a study from 

Denmark showed that the 30- day mortality rate for patients admitted during weekends and 

weekdays was similar (10.2% vs 10.3%; P = .2).8 Furthermore, Foss et al found that the 30-day 

postoperative mortality rate was higher in patients who were admitted during holiday periods 

compared to weekends and weekdays, 19.3% versus 12.7% and 11.1%, respectively (P = .05).9 

Besides these conflicting results, previous studies have not assessed the complication rates and 

long-term surgical outcomes for those patients who were admitted at the weekend. Finally, a 

majority of studies investigated a heterogeneous group of patients with different types of hip 

fracture. In order to address these shortcomings, we conducted a retrospective cohort study to 

assess the “weekend effect” on surgical outcomes of only those patients with an intracapsular 

femoral neck fracture at a level-II trauma center.

mATeRIALs AnD meTHODs

We included all patients from the hip trauma database who were treated surgically for an 

intracapsular femoral neck fracture between January 1, 2009, and June 30, 2011, at our level-II 

trauma hospital in the Netherlands.We used the electronic patient record system to extract 

data regarding age, gender, time of injury, type of fracture, time of admission and time of 

operation, duration and type of operation, comorbidities, general health status according to 

the American Society of Anaesthesiologists (ASA) classification, hospital stay, and complica-

tions. Institutional approval was obtained for the use of medical records.
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The admission was defined as at the weekend if it took place between 18:00 on Friday until 

23:59 on Sunday or on bank holidays from midnight until the end of the day. Outside these 

hours, the admission was regarded as occurring during weekdays.

Our hospital has implemented a standardized hip fracture pathway, which defines the admis-

sion process for hip fracture patient during weekdays, weekends, and holidays. An emergency 

department nurse and a junior surgical trainee assess patients with a hip fracture in the emer-

gency department on weekdays as well as at weekends and on holidays. Once the suspected 

hip fracture patient has arrived at the emergency department, the surgical trainee performs a 

full physical examination and takes the patient’s medical history. In addition, X-rays of hips 

and chest, a full blood test, and electrocardiography are carried out. All hip fracture patients 

are then transferred to the 16-bed trauma unit, which is staffed by 4 trained nurses regardless 

of the day of the week.

A geriatric consultant and an anesthetic consultant reviewed all patients prior to surgery on 

weekdays. At the weekend and during holidays, an anesthetic consultant reviewed patients. 

The patients were prepared as per hospital protocol before transfer to the operating theatre. 

There was a trauma theatre available from 8:00 until 18:00 from Monday to Friday. There 

was an on-call team available for acute procedures outside these hours. A trauma surgeon, or 

a senior trainee under the direct supervision of a trauma surgeon, carried out all operations 

in both groups. Patients underwent hip hemiarthroplasty (Mathys, Cemented Straight Stem 

Stryker, Canulated Screw System 7.3 mm.) or internal fixation by either dynamic hip screw or 

cannulated hip screw (Stryker) in accordance with the hip fractures guidelines of the Dutch 

Trauma Association.

Postoperatively, there was an intensive care unit available for the patient if necessary.

On weekdays, all patients were reviewed daily by the wardbased trainee and geriatric team. 

Patients were mobilized 1 day after surgery under the direct supervision of a physiotherapist. 

At weekends and holidays, patients were reviewed by the on-call surgical trainee and there was 

no geriatric or regular physiotherapist support (Table 1).

Outpatient follow-up ended 6 weeks postoperation in asymptomatic patients. The outpatient 

follow-up was continued for all symptomatic patients until the consolidation of fracture or 

implant-related complications were detected by plain radiography of the hip (X-ray). Com-

puted tomography was considered in cases of dubious or ambiguous X-ray findings. For our 

study, we contacted all patients or the patient’s general practitioner to exclude any complica-

tion since discharge from our outpatient clinic. We tracked the 30-day mortality rate, 6-month 

mortality rate, and survival status of each patient using the Dutch personal registration system. 
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We had confidence in the information on mortality as the mortality data collected in the 

Dutch personal registration system are complete and have a high-accuracy rate. The average 

follow-up period was 49 months.

Implant-related complications recorded included wound bleeding, hematoma or anaemia 

requiring blood transfusion, wound infection requiring antibiotic or surgical intervention, 

protrusion or prominence of screw, intraoperative fracture, redisplacement of fracture, 

symptomatic collapse of femur head, nonunion, avascular necrosis, dislocation of prosthesis, 

prosthesis loosening, intraoperative fracture, periprosthetic fracture, and reported pain with no 

clear cause. All other complications were defined as general complications and these comprised 

delirium, urinary tract infection, renal insufficiency, respiratory infection, pulmonary embo-

lism, cardiac event, and in-hospital death. It is hospital policy to note all surgical complications, 

including benign complications, on a patient’s electronic record.

statistical Analysis

SPSS version 20 for Mac OS was used for all data analysis. Nominal variables were tested with 

Fisher exact test. Continuous variables were tested with the Mann-Whitney U test. All tests 

were 2 sided. The results were considered significant at a 2-tailed level of .05. We used multi-

variate logistic regression analysis to calculate the OR of 30-day mortality, 6-month mortality, 

implant-related complications, and general complications for patients admitted on weekdays 

Table 1. Comparison Weekday and Weekend Admission Procedures.

Weekend and Holiday Admission Weekday Admission

Admission from 18:00 on Friday until 23:59 Sunday or 
on bank holidays

Admission on weekdays

An emergency nurse and a junior trainee admitted patients 
with a hip fracture
The admission led by a trauma surgeon

An emergency nurse and a junior trainee admitted patients 
with a hip fracture.
The admission led by a trauma surgeon.

Trauma ward coverage:
Morning ward round performed by a junior doctor. 
The junior doctor is on call for all surgical inpatients.

Trauma ward coverage:
Morning ward round performed by ward-based junior 
doctor. 
The junior doctor is permanently around until 18:00 PM

One trauma surgeon is on call Four trauma surgeon are around until 18:00 PM

Preoperative assessment led by anesthetic consultant. Preoperative reviewed by anesthetic consultant and 
geriatric consultant

A case mix trauma surgeon-led theatre list is available. Two trauma surgeon-led theatre lists are available.

No geriatric support on weekend is available Daily geriatric support available

Internal medicine support on weekend is available

No multidisciplinary rehabilitation programme on 
weekend.

Multidisciplinary rehabilitation programme on weekdays.

Physiotherapy not routinely provided on weekends and 
holidays

Physiotherapy provided until 17:00
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compared to patients admitted at weekends or during holidays. Patient age, sex, and ASA score, 

which are known to be associated with raised mortality, were defined as confounding variables 

and are adjusted in multivariate regression analysis.

ResuLTs

During the study period, 315 patients underwent a surgical procedure for an intracapsular 

femoral neck fracture: 173 underwent hemiarthroplasty (HA), 96 underwent closed reduc-

tion and internal fixation with canulated hip screws, and 46 underwent closed reduction and 

internal fixation with dynamic hip screw. The admission details of 1 patient were incomplete. 

217 patients were admitted on weekdays and 97 patients were admitted during weekends 

or holiday periods. There were no significant differences between the groups with respect to 

age, sex, ASA score, and type of operation (Table 2). The number of patients who underwent 

surgical treatment within 24 hours from admission on weekends and holidays was significantly 

higher than during weekdays (80.2% vs 57.9%; P < .005).

Table 2. Baseline Demographic and Clinical Characteristics in Weekend and Weekday Admission Groups.

Weekends and Holidays Admission Weekdays Admission P Value

Number of patients 97 217

Age (years) 78.7 (14.2) 77.5 (12.4) .43

Sex

Male 39 (40.2%) 77 (35.5%) .45

Female 58 (59.8%) 140 (64.5%)

ASA score

1/2 61 (62.9%) 151 (69.6%) .24

3/4/5 36 (37.1%) 66 (30.4%)

Interval admission surgery (hours)

<24 77 (80.2%) 125 (57.9%) .005

24-48 11 (11.5%) 74 (34.3%)

>48 8 (8.3%) 17 (7.9%)

Length of hospital stay (days) 6.7 8.5 .009

Type of operation

HA 48 (49.5%) 125 (57.6%) .33

CHS 35 (36.1%) 61 (28.1%)

DHS 14 (14.4%) 31 (14.3%)

Number of operations by trainee 61 (62.9%) 131 (60.4%) .71

Abbreviations: ASA, American Society of Anaesthesiologists; HA, hemiarthroplasty; CHS: canulated hip screws; DHS, dynamic 
hip screw. 
Note: Significant values are shown in boldface.
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The mean hospital stay of patients operated during weekends or holidays was significantly 

shorter compared to patients operated on during weekdays (6.7 vs 8.5 days; P = .009). There 

were no significant differences between the groups in relation to complications and reoperation 

rates (Table 3).

Weekend admission was not associated with a significant rise in 30-day and 6-month mortality, 

after adjusting for age, ASA classification, and gender (Table 4).

Logistic regression analysis revealed no significant difference in local and general complication 

rates between the weekend and weekday admission cohorts (Table 5).

Table 3. Comparison of Local and General Complications Between Weekend and Weekday Admissions.

Weekends and Holidays Admission Weekdays Admission P Value

Number of patients 97 217

Local complication 25 (25.8%) 54 (24.9%)

Prominent screw 7 (7.2%) 11 (5.1%) .89

AVN 4 (4.1%) 10 (4.6%)

Nonunion 4 (4.1%) 7 (3.2%)

Deep infection 3 (3.1%) 5 (2.3%)

Others 7 (7.2%) 21 (9.7%)

General complication 18 (18.6%) 26 (12.0%)

Delirium 4 (4.1%) 12 (5.5%) .06

Respiration infection 4 (4.1%) 4 (1.8%)

Renal dysfunction 4 (4.1%) 0 (0.0%)

Others 6 (6.3%) 10 (4.7%)

Reoperation rate 19 (19.6%) 37 (17.1%) .63

Abbreviation: AVN, femoral head avascular necrosis.

Table 4. Logistic Regression Models for 30-Day and 6-Month Mortality.

30-Day Mortality 6-Month Mortality

Multivariate P Value Multivariate Odds 
Ratio (95% CI)

Multivariate P Value Multivariate Odds 
Ratio (95% CI)

Age .000 1.14 (1.06-1.22) .00 1.09 (1.05-1.13)

ASA .03 2.82 (1.12-7.10) .29 1.39 (0.76-2.56)

Gender .05 2.52 (1.01-6.31) .05 1.89 (1.02-3.48)

Weekend admission .19 1.85 (0.74-4.60) .36 1.34 (0.72-2.50)

Abbreviations: CI, confidence interval; ASA, American Society of Anaesthesiologists.
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DIsCussIOn

In this study, we found that weekend admission for patients with an intracapsular femoral neck 

fracture is not associated with a rise in mortality or morbidity, compared to weekday admis-

sion. To our knowledge, this is one of the few studies that compared postoperative mortality 

and morbidity for weekend and weekday admission in a specific orthopedic patient group, 

namely, patients with an intracapsular femoral neck fracture.

The results of our study stand in contrast to the existing literature.7,9 According to Foss et al, 

5- and 30-day postoperative mortalities were significantly higher in patients admitted during 

holiday periods and weekends than during weekdays.9 It was suggested that this could be 

caused by a reduction in the number of available staff by 20% and nurses in particular by 

50%. Additionally, postoperative rounds were not performed by orthopedic trauma consultant 

during weekends and holiday periods. However, in our study, a junior surgical trainee cared 

for the patients over the weekend. This could be interpreted as comparable quality of pre- and 

postoperative care during weekends and weekdays in our hospital. Furthermore, the similarity 

between surgical complication rates in both groups illustrated the comparable performance of 

surgical teams during weekends and weekdays.

Thomas et al reported that weekend admission, but not weekend surgery, was a predictor of 

greater postoperative death for hip fracture.7 Interestingly, weekend surgery was reserved for 

patients with lower ASA classification in their study. Patients with higher ASA, who were 

admitted at the weekend, encountered longer surgical waiting times, probably due to the 

reduction in numbers of medical staff, especially geriatric consultants, and a delay in obtaining 

diagnostic investigations. This could explain why fewer patients with ASA grade III or IV 

underwent surgical intervention at the weekend compared to weekdays in their study. This is 

inconsistent with our findings. In our study, there was no difference in the number of patients 

with high ASA grade who underwent surgery on weekends or weekdays. Access to sufficient 

preoperative care, irrespective of the admissions day, was available. Different studies have shown 

Table 5. Logistic Regression Model for Local and General Complications.

Local Complications General Complications

Multivariate P Value Multivariate Odds 
Ratio (95% CI)

Multivariate P Value Multivariate Odds 
Ratio (95% CI)

Age .001 0.97 (0.95-0.99) .01 1.04 (1.01-1.07)

ASA .44 0.79 (0.43-1.44) .01 2.09 (1.16-3.77)

Gender .59 0.86 (0.49-1.50) .36 1.32 (0.72-2.43)

Weekend admission .71 1.12 (0.63-1.97) .10 1.65 (0.90-3.00)

Abbreviations: ASA, American Society of Anaesthesiologists.
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that daily geriatric care may reduce inhospital mortality and complication rates.10,11 Sayers et 

al showed that Sunday operations on hip fractures, discharge from hospital on a Sunday, or 

out-of-hours discharge in general, were associated with an increase in 30-day mortality rates.12 

This is perhaps due to the availability of resources such as geriatrician-led hip fracture care 

during the weekend.

There was no geriatric support in our hospital at the weekend; however, an internal medicine 

consultant was available to review preoperative care for patients with comorbidities, in co-

operation with an anesthetic consultant. Our study shows that temporary preoperative care 

provided by an internal medicine consultant at the weekend can be safe and efficient in cases 

where there is a lack of dedicated geriatric support.

Daugard et al argued that the mortality rates for patients admitted during weekends, public 

holidays, and weekdays were similar.8 This is a multicenter Danish study with a heterogeneous 

study population, in which different types of hip fractures were included. They did not mention 

whether the structure of hip fracture services was consistent between the different hospitals. We 

believe that such studies cannot properly represent the mortality rate for hip fracture patients 

at a local level, as the hip care provision depends on local primary care, the organization of 

hip fracture services and hospital facilities. Ozdemir et al emphasized that there is a significant 

variance in mortality rates between different care providers in the United Kingdom, in relation 

to emergency admissions, due to variability in staffing, infrastructure facilities, and admission 

processes.13

Our results are in line with a recent single-center study by Nandra et al.14 However, this study 

was performed in a major tertiary referral center, providing high-level trauma care allied with 

7-day working rotas. Pincus et al also found no relationship between the timing of surgical 

procedures for hip fracture and adverse outcomes.15

One other study, moreover, failed to show a “weekend” effect on postoperative mortality for 

hip fracture patients.16 However, this study investigated a heterogeneous group of patients with 

different types of hip fracture.

Early mobilization after surgery for hip fracture has been shown to be associated with reduc-

tion of general complications such as delirium, urinary tract infection, respiratory infection, 

and thromboembolic events.17 Siu et al demonstrated that delayed ambulation of hip fracture 

patients is associated with poorer function at 2 months and higher mortality at 6 months.18 In 

line with these findings, Daruk et al reported that early surgical treatment of hip fracture could 

lead to faster ambulation and an earlier return to normal daily activities.19
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In our study, the waiting time for surgery at the weekend was significantly shorter compared to 

weekdays owing to the lack of an elective theatre list at the weekend. Furthermore, there were 

more diagnostic facilities available at the weekend due to the absence of outpatient clinics. A 

less hierarchical structure of care at the weekend may also shorten waiting times for surgery, 

probably due to an early and efficient decisionmaking process. This could explain why the 

length of hospital stay for the weekend admission cohort is significantly shorter compared to 

the weekday admission cohort. Mariconda et al showed in a prospective study that relative 

waiting time for surgery was the main predictor of the length of hospital stay.20

The major limitation of this study was the retrospective character of the cohort, which made it 

impossible to track all relevant data on functional outcomes. Therefore, we could not exclude 

the possibility that there are significant differences in functional outcomes between weekend 

and weekday admissions.

COnCLusIOn

In conclusion, this study demonstrated that weekend admission to our trauma center of pa-

tients with intracapsular femoral neck fractures is not associated with a higher risk of mortality 

or morbidity compared to weekday admission. Furthermore, temporary preoperative care 

provided at the weekend by an internal medicine consultant can be safe and efficient in cases 

where there is a lack of dedicated geriatric support. Among other things, the absence of an 

elective operating list at the weekend could be a potential factor in reducing waiting time 

to surgery for intracapsular femoral neck fracture during weekends and holidays. This study 

determined that comparable surgical outcomes for hip patients could be achieved at weekends 

and weekdays by implementation of a standardized protocol.
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summARy

This thesis investigated multiple aspects of the clinical practice relating to the patient with a 

hip fracture.

Part A

Part A deals with the reliability of the Pauwels classification for intracapsular hip fractures and 

the reliability of the predictors for cut-out of the lag screw in a hip fracture.

Chapter 2 investigates whether the interpretation of the Pauwels classification, based on the 

preoperative X-ray, is reliable. Ten observers classified 100 intracapsular hip fractures. The 

Pauwels classification showed an interobserver agreement of ϰ0.31. This low agreement shows 

that the Pauwels classification based on the preoperative X-ray is not reliable, and, therefore, 

the Pauwels classification should no longer be used.

In Chapter 3, the reliability of three putative predictors for lag screw cutout is studied, namely, 

the Cleveland femoral head distribution system, Baumgaertner’s fracture reduction classifica-

tion system and the tip apex distance and we also investigated whether these putative predictors 

could predict screw cutout accurately. Patients with an intertrochanteric hip fracture who were 

managed with either a dynamic hip screw or a Gamma nail™ in the time period between Janu-

ary 2007 and June 2010 were evaluated with our hip trauma database. The tip-apex distance 

measurement was reliable at ϰ0.89, but the agreement between observers with regard to screw 

position, ϰ0.46, and fracture reduction, ϰ0.48, was moderately reliable. Tip apex distance is 

a good predictor for cutout; patients with device cutout had a significantly higher tip apex 

distance. After adjustment for tip-apex distance and screw position, A3 intertrochanteric hip 

fractures were at greater risk of cutout compared with A1 fractures. Poor fracture reduction 

was significantly related with a higher incidence of cutout in the univariate analysis, but not 

in the multivariate analysis. By maintaining a tip-apex distance of < 25 mm and placing the 

screw centrally or inferiorly in the femoral head, the expectation is that cutout of the screw in 

the femoral head will be minimized.

Part B

Part B discusses perioperative challenges related to femur and hip fractures. It addresses the fol-

lowing questions: can the contralateral femur be used as a rotation reference for the fractured 

subtrochanteric hip/femur, and can we reduce perioperative radiation exposure?

The suitability of the contralateral femur as a rotation template was evaluated in Chapter 4. 

When used as a reference for femoral rotation, the non-fractured femur may deviate no more 

than ±15° relative to the fractured femur because a rotation difference of more than ±15° from 
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pre-fracture femoral rotation may be symptomatic. This study assessed the potential for a rota-

tional difference of ±15° or more between the left and right femur. Three observers measured 

the rotation of the femur in 50 femoral pairs with computed tomography (CT). Side-to-side 

variability and agreement of contralateral femoral rotation angles were evaluated with scat-

terplots and histograms. The reliability of CT was assessed, using the intraclass correlation 

coefficient (ICC) and Bland-Altman plots. Agreement between observers, as expressed by the 

ICC of femoral rotation angle, is excellent for both the right angle (0.95 (95% CI 0.92–0.97)) 

and left angle (0.97 (95% CI 0.94–0.98)). If the contralateral femoral rotation is used as a 

reference, the chance of a difference of more than ±15° is negligible, so the non-fractured femur 

can be used as a rotation template. In addition, CT measurement of femoral rotation is reliable.

In Chapter 5, radiation exposure during internal fixation of a hip fracture was investigated. A 

randomized controlled trial compared direct versus indirect fluoroscopy. Intraoperative imag-

ing can be acquired (indirectly) via a verbal request to a radiology technician, or (directly) 

by the surgeon using on a foot pedal. Direct image acquisition might reduce exposure time 

and, thus, reduce the risk of potential hazardous radiation. One hundred patients with hip 

fractures that required internal fixation over a period of one year were enrolled in this study. 

The patients were randomized between direct and indirect image acquisition. No statistically 

significant differences were found between direct image acquisition and indirect image acquisi-

tion for the total radiation time, total radiation dose and dose area product. After adjusting 

for confounding factors (gender, body mass index, affected side, operation time, perioperative 

complications), this study showed a statistically significantly lower radiation time of 18.50 

seconds for the total group with indirect fluoroscopy (95% CI 2.19 to 34.81, p = 0.027) and 

20.28 seconds for the pertrochanteric fracture subgroup (95% CI 4.18 to 36.38, p = 0.014). 

No significant effect on the radiation dose and dose area product was found.

Part C

The third part of this thesis concentrates on clinical outcome after hip surgery. Two surgical 

approaches for the treatment of femoral neck fractures with a hemi-arthroplasty (HA) are 

compared in Chapter 6, the minimally invasive (MI) anterolateral approach and the tradi-

tional anterolateral approach. Data were extracted from a prospective hip fracture database and 

complemented through a retrospective review of the electronic medical records. A total of 463 

patients (67% female) undergoing HA over a period of 5 years were enrolled, 223 in the MI 

group (mean age, 82 ± 7 years) and 240 in the traditional anterolateral group (mean age, 81 ± 8 

years). No significant difference was found in baseline characteristics. The surgeons’ experience, 

measured by the number of operations performed per year, was higher in the MI anterolateral 

group (26 vs 18, p < 0.001). The median operating time for a MI approach was shorter (53 vs 

69 min, p < 0.001). No significant differences were found in mortality rates and postoperative 

complications, including hematomas, dislocations, deep surgical site infections and reopera-
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tions. Therefore, we concluded that the MI anterolateral approach is a safe alternative for the 

traditional anterolateral approach, with a decreased operation time and a smaller incision.

Chapter 7 investigates whether the clinical outcomes of patients with hip fractures admitted 

during weekends and holidays are worse than those of patients admitted during the week. 

Patients with a femoral neck fracture during the January 2009 and June 2011 were included. 

Weekend was defined as the time period between Friday 6:00 PM to Sunday midnight and 

public holidays. We compared mortality rates within 30 days and 6 months after surgery for 

patients admitted during weekdays with those admitted over weekends and holidays. Second-

ary outcomes were length of hospital stay, postoperative complications, and number of reop-

erations. A total of 315 patients met the inclusion criteria. Weekend and holidays admission 

was not an independent risk factor for the 30-day (odds ratio 1.85, 95% confidence interval, 

0.74–4.62; P = 0.19) and 6 months mortality rate (odds ratio 1.34, 95% confidence interval, 

0.72–2.50; P = 0.36). There were also no differences between the weekday and weekend groups 

with regard to implant-related complications (24.9% versus 25.8%, respectively; P = 0.89) or 

general complications (12% versus 18.6%, respectively; P = 0.06). Other findings in this study 

were that more of the patients admitted during the weekend were treated within 24 hours, 

compared to the weekday group (80.2% vs. 57.9%; P = 0.005), and that the mean hospital stay 

was significantly shorter (6.7 versus 8.5 days, respectively; P = 0.009). In conclusion, patients 

with femoral neck fractures admitted over the weekends and holidays did not have an increased 

mortality or morbidity. The absence of an elective surgery program during the weekend could 

possibly be a positive factor in shortening the waiting time for surgery and hospital stay for 

patients admitted over weekends and holidays.

LImITATIOns

The main limitation of this thesis is the retrospective nature of several studies (Chapter 3, 6 

and 7). The data from these studies were extracted from records completed by many different 

healthcare professionals, which may have resulted in some incorrect data entries (information 

bias) and the correctness of the data could not be checked. In addition, retrospective studies are 

also at risk of selection bias, as cases might have been selectively missed; however, a selection 

bias is unlikely since all consecutive patients with hip fractures were registered. Chapters 2 and 

3 discuss studies that are based on data collected for the period 2007–2010. The value of older 

data can be a limitation, as practice may have changed because of newer insights and adapta-

tions to procedures. However, for the subjects studied in Chapters 2 and 3, there have been no 

major changes in the operation procedure and care since the study period. In Chapter 4, all 

types of hip fractures treated with osteosynthesis, hence requiring fluoroscopy, were included. 

The diversity in hip fractures may have influenced the result in this relatively small study. It 
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would have been preferable to conduct this study on one type of hip fracture rather than all 

hip fractures to minimize the number of variables that influence the outcome. The study group 

in Chapter 5 may not be fully representative of the target population. On the one hand, the 

study group consisted of more men than women, which is opposite to what is found in daily 

practice. On the other hand, the relatively high mean age of 69 years corresponds to the mean 

age of patients who sustain hip fractures.

FuTuRe PeRsPeCTIVes

Fracture classification systems are only relevant if they direct (surgical) treatment and outcome. 

Traditionally, classifications were based on plain X-rays, but, with the more sophisticated radio-

logical imaging techniques available today, more aspects of fracture patterns can be visualized. 

If these aspects influence mechanical and biological properties and are, thus, relevant to surgi-

cal treatment, newer classification systems have to be established. In addition, new surgical 

fixation systems are still becoming available, which aim to optimize implant anchorage and 

potentially influence the functional outcome. Current radiology-based classification systems 

have only restricted accuracy to guide the surgeon in technical choices and, therefore, provide 

limited information on (long term) prognosis. Evaluation of existing classification systems 

must, therefore, be a continuous process and serve as a basis for the development of new ones 

(1).

The restoration of length and rotation in a subtrochanteric comminuted hip fracture is chal-

lenging. This thesis showed that the non-fractured femur is a reliable reference measure for 

correct rotation. The rotation reference of the unaffected femur and the corrected rotation 

of the fracture should ideally be obtained with an intraoperative three-dimensional (3D) 

image (2). Although intraoperative 3D imaging is now feasible because of recent technologi-

cal advances such as 3D cone-beam CT and flat-panel X-ray detectors, it is not widely used 

(3). Given their added value, the question is why so few facilities have intraoperative 3D 

imaging available. Future research should investigate how to further improve the applicability 

and ease of acquiring intraoperative 3D images. One application could be for femoral length 

determination. From a functional and anatomical perspective, not only rotation restoration 

but also femoral length is essential in the treatment of multifragmentary (subtrochanteric) 

femoral fractures. There are two options for a systematic improvement in the performance of 

surgeons. If fracture fragments acquired from a CT-scan can be fitted back in position in a 

digital environment to the pre-traumatic anatomy, the result would be an exact position of hip 

and knee. An alternative to this ‘digital fracture reduction’ could be the use of the contralateral 

femur; a mirrored CT-scan of the healthy femur could be projected over the injured side, and 

the proximal and distal fracture fragment should subsequently be positioned digitally over the 
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healthy side. In both scenarios, the exact 3D coordinates of the hip and knee joints are known. 

Subsequently, this digital information could be translated to the individual patient with the 

use of a navigation system. Future research in the field of femoral fracture management should 

investigate the feasibility and outcome of these new radiological applications. For the success-

ful and widespread implementation of such minimally invasive procedures, end-user friendly 

software and navigations systems are key.

When fluoroscopy is used during osteosynthesis, the operation team is exposed to intraopera-

tive ionizing radiation, which poses a possible health risk. Not only can awareness of these 

dangers be improved, the importance of protective clothing also deserves attention. In addition 

to teaching and repeating what is already known, the implementation of relatively simple new 

strategies to reduce the amount of radiation produced in daily practice, such as who controls 

the C-arm (as described in this thesis), should be further explored. In addition, the position of 

the C arm and the position to the C-arm should be further investigated. Except for the afore-

mentioned behavioral aspects, innovative imaging technologies could really be gamechangers 

for health care professionals. In this respect, radiation-free, real-time intra-operative imaging 

can be regarded as the holy grail (4).

Although no significant benefit of a minimally invasive anterolateral approach for patients with 

a femoral neck fracture treated with a hemiarthroplasty, except for a shorter operative time, 

was found in this thesis, a trend towards a better outcome was observed. Since the minimiza-

tion of iatrogenic soft tissue trauma is beneficial, further studies to establish the position of 

the minimally invasive anterolateral and other approaches definitively are relevant. Improving 

minimally invasive surgery might require technical adaptations of instruments and implants.

‘Big data’ is a direction that should be further explored in new research. Most patients with 

hip fractures are considered to be frail since, on average, they are elderly and often have mul-

tiple comorbidities. The latter is an important confounding factor in studies in this patient 

group. The traditional method to correct statistically for factors that influence the outcome 

of a therapy is a randomized controlled trial. This type of research is expensive and often 

investigates only one aspect of a treatment (5). A new way to overcome the drawbacks of 

RCTs is prospective observational research with a large number of patients to allow for the 

correction of all relevant confounding factors. To further improve the care of the patient with 

a hip fracture, big data analysis can potentially answer multiple research questions aimed at 

improving the efficacy and rationale of decision-making (6). Given the non-centralized way in 

which hospital care for hip fractures is organized in the Netherlands, such data collection and 

research should be performed in multicenter collaborations. Initiatives along these lines have 

already commenced, as data collection on a national level is done for the Dutch Hip Fracture 

Audit (DHFA) (7). The aim of the DHFA is to improve the quality of care for patients with 
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hip fractures through the collection of ‘big data.’ Data collection is also done in collaboration, 

such as the Value Based Health Care (VBHC) in Santeon hospitals. The purpose of the VBHC 

is to assist healthcare providers to improve the care provided by identifying and sharing best 

practices (8). Essential data can also be collected regionally in a prospective database. as is 

done in Franciscus Gasthuis & Vlietland and Maasstad Hospital for the FAMMI trial, which 

aims to construct a survival prediction model for patients with hip fractures (9) The amount 

of information being gathered in this way presents both challenges and significant clinical 

research opportunities related to the hip fracture patient.

Optimal care for hip fracture patients does not only depend on surgical technical aspects. 

Logistics provided by the hospital are also of great importance. A hip fracture is an acute 

condition that, in most cases, requires emergency surgery. Delay in surgery is associated with 

an increase in morbidity, and surgery within 24 hours could expedite post-operative recovery 

and prevent the development of complications (10-12). Cutbacks in hospitals can increase 

the waiting time for an acute operation, which means that this vulnerable patient group may 

have to wait even longer for the surgery. Therefore, hospital management should use careful 

consideration before cutting back on acute surgery time.

A fracture of the proximal femur is and will always be a diagnosis that requires surgical inter-

vention, whatever the future brings. Although the quality of care for this patient group has 

improved substantially over the last decades, it is far from perfect. Hip fractures still signifi-

cantly impacts the quality of life and independence of the aging population. The elderly are 

encouraged to live independently for as long as possible, given the socio-economic advantages. 

Unfortunately, the impact of proximal femur fractures on individual independence is still 

significant. In addition, as people are living longer, the incidence and socioeconomic burden of 

hip fractures are expected to increase concomitantly. Investment in future research to optimize 

the outcome after a proximal femur fracture should be a team effort by policy makers, health 

care insurers, medical device companies and health care providers. There is still significant 

ground to be gained.
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Dit proefschrift beantwoordt verschillende vraagstukken betreffende de behandeling van 

patiënten met een heupfractuur.

Deel A betreft de betrouwbaarheid van de Pauwels-classificatie bij patiënten met een collum-

fractuur en de betrouwbaarheid van voorspellers voor het uitbreken van de collumschroef na 

een operatie van een heupfractuur.

Hoofdstuk 2 onderzoekt of de interpretatie van de Pauwels-classificatie bij patiënten met een 

collumfractuur op basis van een preoperatieve röntgenfoto betrouwbaar is. Tien waarnemers 

classificeerden 100 collumfracturen. De Pauwels-classificatie bleek een inter-observer overeen-

stemming van ϰ0,31 te hebben. Dit toont aan dat de Pauwels-classificatie niet betrouwbaar is 

op basis van een preoperatieve röntgenfoto.

In hoofdstuk 3 is de betrouwbaarheid onderzocht van drie vermeende voorspellers voor het 

uitbreken van de collumschroef na osteosynthese, namelijk: Cleveland femurkopdistributiesys-

teem, Baumgaertner’s fractuurreductie classificatiesysteem en de tip apex-afstand. Ook hebben 

we onderzocht of deze vermeende voorspellers voorspellend waren voor het uitbreken van 

de collumschroef. Alle patiënten met een intertrochantere heupfractuur die tussen januari 

2007 en juni 2010 werden behandeld met een dynamische heupschroef of een Gamma nail™, 

werden geëvalueerd in de heuptrauma-database. De tip-apex afstandsmeting was betrouwbaar 

ϰ0,89 maar de overeenkomst tussen waarnemers met betrekking tot schroefpositie ϰ0,46 en 

fractuurreductie ϰ0,48 was matig betrouwbaar. Na correctie voor de tip-apex afstand en de 

positie van de schroef in de femurkop, liepen trochantere A3-heupfracturen meer risico op het 

uitbreken van de collumschroef in vergelijking tot A1 heupfracturen. Slechte fractuurrepositie 

was significant gerelateerd aan een hogere incidentie van het uitbreken van de collumschroef 

in de univariate analyse, maar niet in de multivariate analyse. De multivariate analyse laat zien 

dat een centraal-inferieure en anterieur-inferieure positie en kleine top-apex afstand van de 

collumschroef, significant beschermend zijn tegen het uitbreken van de collumschroef.

In Deel B worden twee vragen omtrent de perioperatieve zorg beantwoord; ten eerste wat is 

een betrouwbare referentiemaat voor postoperatieve (mal)rotatie na een subtrochantere femur 

fractuur en ten tweede hoe kunnen we peroperatieve stralingsblootstelling verminderen?

De geschiktheid van het niet gebroken femur als rotatiesjabloon werd geëvalueerd in hoofdstuk 

4.  Wanneer het niet gebroken femur als referentie voor femurrotatie wordt gebruikt, mag het 

niet meer dan ±15° afwijken van de oorspronkelijke femurrotatie, aangezien een rotatieverschil 

van meer dan ±15° van de oorspronkelijke femurrotatie symptomatisch kan zijn. Deze studie 

beoordeelde de kans op een rotatieverschil van ±15° of meer tussen het linker- en rechter 

femur. Rotatie van het femur werd met behulp van CT in 50 individuen gemeten. Wanneer 



114

C
ha

pt
er

 9

het niet gebroken femur als referentie voor rotatie van het gebroken femur wordt gebruikt, dan 

is de kans op een verschil van meer dan ±15° met de originele rotatie van het gebroken femur 

onwaarschijnlijk, daarom is het veilig om het niet gebroken femur als referentie maat voor 

rotatie te gebruiken. Verder blijkt dat de rotatie meting van het femur met CT is betrouwbaar. 

In hoofdstuk 5 wordt de blootstelling aan straling tijdens osteosynthese van een heupfractuur 

onderzocht. Intra-operatieve beeldacquisitie kan via een mondeling verzoek aan een radiolo-

gietechnicus (indirect), maar ook door de chirurg zelf worden verkregen door een voetpedaal te 

bedienen (direct). Directe beeldacquisitie zou de belichtingstijd kunnen verkorten en daarmee 

het risico op stralingsschade. In een gerandomiseerde gecontroleerde studie wordt directe 

versus indirecte fluoroscopie met elkaar vergeleken. Van 5 maart 2014 tot 19 augustus 2015 

werden 100 patiënten met een heupfractuur die in aanmerking kwamen voor interne fixatie ge-

randomiseerd tussen directe en indirecte beeldacquisitie. Er werden geen statistisch significante 

verschillen gevonden tussen directe beeldacquisitie en indirecte beeldacquisitie voor de totale 

bestralingstijd, totale stralingsdosis en dosisoppervlakproduct. Gecorrigeerd voor verstorende 

factoren (geslacht, body mass index, aangedane zijde, operatietijd, peroperatieve complicaties) 

toonde deze studie een statistisch significant lagere bestralingstijd met indirecte fluoroscopie 

voor de totale groep van 18,50 seconden (95% BI 2,19 tot 34,81, p = 0,027) en de subgroep 

pertrochantere fracturen van 20,28 seconden (95% BI 4,18 tot 36,38, p = 0,014). Er werd geen 

significant effect op de stralingsdosis en het dosisgebiedproduct gevonden.

Deel C

Het derde deel van dit proefschrift concentreert zich op de klinische uitkomst na een heup 

operatie.

In hoofdstuk 6 wordt  de minimaal invasieve (MI) anterolaterale, met de traditionele antero-

laterale chirurgische benadering voor de behandeling van collumfracturen met een Kop Hals 

Prothese (KHP) met elkaar vergeleken. De gegevens werden geëxtraheerd uit een prospectieve 

database van heupfracturen en aangevuld met een retrospectieve beoordeling van de elektroni-

sche medische patiëntendossiers. Patiënten die tussen 1 januari 2011 en 1 mei 2016 een KHP 

kregen werden geïncludeerd. In totaal werden 463 patiënten (67% vrouw) geïncludeerd. Het 

betrof 223 patiënten in de MI-groep (gemiddelde leeftijd 82 ± 7) en 240 (gemiddelde leeftijd 

81 ± 8) in de traditionele anterolaterale groep. Er werd geen significant verschil gevonden 

in baseline-karakteristieken. De ervaring van individuele chirurgen, gemeten aan de hand 

van het aantal operaties per jaar, was groter met de anterolaterale MI-benadering (26 vs 18, 

p <0,001). De mediane operatieduur voor een MI-benadering was korter (53 vs 69 min, p 

<0,001). Er bleken geen significante verschillen te bestaan in sterftecijfers (p = 0,13) en het 

aantal postoperatieve hematomen (p = 0,63), dislocaties (p = 0,63), diepe wondinfecties (p = 

0,66) en her operaties. We concluderen daarom dat de MI anterolaterale benadering een veilig 
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alternatief is voor de traditionele anterolaterale benadering met een kortere operatietijd en een 

kleinere incisie.

Hoofdstuk 7 onderzoekt of de klinische uitkomst van patiënten met een heupfractuur die 

worden opgenomen in het weekend (tussen vrijdag 18.00 uur tot zondag middernacht of op 

feestdagen) slechter is dan die van patiënten die door de week worden opgenomen. Patiënten 

met een collumfractuur tussen januari 2009 en juni 2011 werden geïncludeerd. De primaire 

uitkomstmaat waren sterftecijfers binnen 30 dagen en 6 maanden na de operatie. Secundaire 

uitkomsten die onderzocht werden, waren onder meer de opnameduur, postoperatieve com-

plicaties en het aantal her operaties. In totaal voldeden 315 patiënten aan de inclusiecriteria. 

Opname in het weekend was geen significante onafhankelijke risicofactor voor het sterftecijfer 

na 30 dagen (odds ratio 1,85, 95% betrouwbaarheidsinterval, 0,74-4,62; P = 0,19) en 6 maan-

den (odds ratio 1,34, 95% betrouwbaarheidsinterval, 0,72-2,50; P = 0,36). Zevenenzeventig 

patiënten die in het weekend werden opgenomen, werden binnen 24 uur behandeld, tegenover 

125 patiënten in de doordeweekse groep (80,2% versus 57,9%; P = 0,005). Er waren geen 

verschillen tussen de groepen met betrekking tot algemene (respectievelijk 12% versus 18,6%, 

P = 0,06) en implantaat gerelateerde complicaties (respectievelijk 24,9% versus 25,8%, P = 

0,89). De gemiddelde opnameduur van patiënten die in het weekend of tijdens feestdagen 

werden geopereerd, was significant korter in vergelijking met patiënten die doordeweeks 

werden geopereerd (6,7 versus 8,5 dagen; P = 0,009). Het ontbreken van een electieve operatie 

programma in het weekend en tijdens feestdagen zou een mogelijke verklaring kunnen zijn 

voor een kortere wachttijd tot operatie en daardoor een kortere opnameduur. Patiënten met 

een collumfractuur die in het weekend werden opgenomen hadden geen verhoogde mortaliteit 

of morbiditeit.





Curriculum Vitae





119

C
ur

ri
cu

lu
m

 V
it

ae

Gert Reinoud Roukema werd geboren op 28 juli 1972 te Heerenveen. Op de leeftijd van een 

paar maanden verhuisde hij naar Nigeria waar zijn vader een paar jaar werkte als tropenarts en in 

1975 verhuisde hij naar Heerhugowaard om in 1980 weer terug te verhuizen naar Heerenveen. 

Zijn VWO examen behaalde hij in 1991 aan de Rijks Scholengemeenschap te Heerenveen. 

In hetzelfde jaar begon hij aan de studie geneeskunde aan de Rijksuniversiteit Groningen. 

Na wetenschappelijke stages in Groningen, Kenia en Oxford behaalde hij zijn artsexamen in 

1998. Hierna werkte hij als arts-assistent chirurgie niet in opleiding in het Spaarne Zieken-

huis te Haarlem en het OLVG te Amsterdam. In 2001 startte hij zijn opleiding in het Groot 

Ziekengasthuis te Den Bosch (opleider dr. J. Wever). Het andere deel van de opleiding werd 

gevolgd in het Universitair Medisch Centrum Utrecht (opleider prof. dr. I.H.M. Borel Rinkes). 

Na het voltooien van zijn opleiding in 2006 heeft hij in 2007 een fellowship traumachirurgie 

gedaan in het Medisch Centrum Haaglanden te Den Haag (dr. S.J. Rhemrev en dr. S.A.G. 

Meylaerts) en in hetzelfde jaar heeft hij ook een trauma chirurgische stage gedaan in het 

Kardinal Schwarzenberg Klinikum in Schwarzach te Oostenrijk (dr. F Genelin). Tijdens zijn 

Haagse periode is hij begonnen met onderzoek naar heupfracturen. Na zijn vervolgopleiding 

in de traumachirurgie begon hij in 2008 als traumachirurg in de maatschap chirurgie van 

het Medisch Centrum Rijnmond Zuid, thans Maasstad Ziekenhuis. Hij begeleidt meerdere 

promovendi en is lid van enkele commissies binnen het Maasstad Ziekenhuis. Gert vond de 

liefde van zijn leven Michelle van Dorst terwijl hij werkte in het Zuiderziekenhuis. Michelle en 

Gert hebben twee prachtige dochters Isa-Jolijn en Florine.

 grroukema
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1. PhD Training Year(s) ECTS

General academic skills

Good Clinical Practice 2010 1.0

Teach the Teacher 2015 1.0

Research integrity 2020 0.3

Poster Presentations

ESTES, Budapest 2008 0.5

EBA, Hannover 2015 0.5

Oral Presentations

ESTES, Antalya 2009 1.0

ESTES, Milan 2011 1.0

Conferences

Chirurgendagen 2008-2017 9.0

Traumadagen 2008-2019 11

ESTES, Budapest 2008 1.0
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ESTES, Milan 2011 1.0
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OTA, Tampa 2014 1.0
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Lecturing

AO Table Instructor Davos/ Oisterwijk 2010-2011 4
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Veronique van Rijckevorsel 2018-2022 12
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Ik ben dankbaar dat dit proefschrift is afgerond en ik wil iedereen die betrokken is geweest bij 

de realisatie van dit proefschrift bedanken.

Beste Louis, zonder jouw inzet en toewijding zou dit proefschrift er nu niet zijn. 

Beste Daphne, Kirstin, Wahid, Veronique en Martijn jullie hebben een essentiële bijdrage 

geleverd. 

Prof. dr. Verhofstad, promotor beste Michiel sinds jouw aanstelling als hoogleraar heb jij mij 

gemotiveerd om de door mij verrichte wetenschap te bundelen tot een proefschrift. Het was 

geen kort promotietraject maar dankzij jouw begeleiding en enthousiasme is dit proefschrift er 

uiteindelijk gekomen.

Dr. van der Vlies, co-promotor, beste Kees het is fijn om jou als maat te hebben, altijd bereid 

voor overleg, om te helpen en te luisteren. Jouw komst in het Maasstad Ziekenhuis heeft de 

chirurgie en de traumachirurgie in het bijzonder versterkt. Jouw ambitie en werklust zijn een 

stimulans voor het brandwondencentrum en de chirurgie. Ook mij heb je aangezet om dit 

proefschrift te voltooien.

Dr. Rhemrev, beste Steven dank dat jij in de commissie zitting wil nemen. Mede dankzij jou 

heb ik een fantastisch jaar gehad als fellow in 2007 in het Westeinde Ziekenhuis. In dat jaar heb 

jij me enthousiast gemaakt voor klinisch onderzoek en jouw enthousiasme heb je niet alleen op 

mij overgedragen, maar ook op veel jonge artsen die onder jouw vleugels onderzoek met succes 

hebben kunnen afronden.

Prof. dr. Leenen, beste Loek, dank voor het kritisch beoordelen van mijn proefschrift. Tijdens 

mijn Utrechtse opleiding heb jij veel indruk op mij gemaakt. Naast jou werk als traumachirurg 

had jij als eerste in Nederland een werkend EPD ontwikkeld, opereerde AAA’s, en was werk-

zaam als intensivist. Respect voor de toewijding, kennis en kunde waarmee jij het vak uitoefent.

De overige leden van de commissie, prof. dr. Weel-Koenders, prof. dr. Bloemers, prof. dr. 

Kleinrensink en dr. Zielinski, dank voor jullie bereidheid om zitting te nemen in mijn promo-

tiecommissie. 

Daarnaast dank ik alle co-auteurs die een bijdrage hebben geleverd.

Mijn gewaardeerde maten chirurgie van het Maasstad Ziekenhuis. Altijd goed om met jullie 

te mogen werken, jullie zijn gemotiveerde professionals die ondanks de steeds verdergaande 
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differentiatie en regelgeving nog altijd oog en respect voor elkaar hebben en kijken naar wat 

ons bindt. 

Mijn paranimfen, Bart en Arnold, studiegenoten en goede vrienden vanaf het 1ste studiejaar 

in Groningen, ik ben blij dat jullie aan mijn zijde staan. Bart, dank voor jouw bijdrage aan dit 

proefschrift, deze is enorm veel groter dan mijn bijdrage aan jouw proefschrift toentertijd 😊.

Lieve Christian, lieve Bas, dank voor jullie kameraadschap, sportieve competities, avonturen en 

mooie herinneringen, dat we nog veel mooie herinneringen mogen maken.

lieve Heit en Mam, dank voor de mogelijkheden die jullie mij hebben gegeven, en heel veel 

dank voor jullie oneindige hulp, ondersteuning en onvoorwaardelijke liefde. 

Lieve Michelle, Isa Jolijn en Florine jullie zijn mijn liefde en liefde is alles.






