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Introduction, aims and outline of the thesis






Chapter 1
INTRODUCTION

As the number of hip fracture patients has increased dramatically over the years, the
need for high quality, multidisciplinary and patient centred fracture treatment contin-
ues to grow. General international demographics show that the average age of male hip
fracture patients is 69 and 79 for female patients." About 75% of all hip fracture patients
is female. Most patients suffer from a hip fracture after a low energy trauma such as a
fall, whereas in the young patients (under 50 years) more sports related and high energy
trauma mechanisms are seen.” The total number of deaths occurring in the first year
after an osteoporotic fracture was 143,000 in the EU in 2010 and around 50% of these
patients had a hip fracture. An overall increase of 32% in hip fracture patients in the
European Union (EU) is expected by the year 2025, resembling 199,432 patients per year.
The average incidence of hip fractures in the Netherlands is 275 per 100,000 (368/
100,000 women, 164/100,000 men). An increase of the number of patients with a hip
fracture of 40% is expected by the year 2025, which would result in almost 24,000 pa-
tients a year. The predicted growing incidence would cause a 30% (246 million Euro)
increase of health care costs in the Netherlands by the year 2025.>*

ANATOMY

Hip fractures are typically fractures of the proximal femur. The proximal femur consists
of a femoral head, neck and trochanteric area, which comprises a lesser and greater
trochanter. The hip joint capsula is a strong ligamentous structure attached to the in-
tertrochanteric line incorporating the femoral head and neck. Fractures of the femoral
head and neck are therefore named intra-capsular fractures. Extra-capsular proximal
femur fractures are trochanteric fractures (fractures within the margin of the lesser or
greater trochanter) or subtrochanteric fractures. Subtrochanteric fractures are defined
as the area from the lesser trochanter to 5 centimetres distally and are more common
to result from a high-energy trauma mechanism, but may in the elderly very well occur
after a low-energy fall.

Vascular anatomy

The vascular anatomy of the hip is another important anatomic factor influencing hip
fracture treatment. Arteries of the proximal femur are divided into three parts: the
extra-capsular arterial ring located at the base of the femoral neck, the ascending cervi-
cal branches of the extra-capsular arterial ring on the surface of the femoral neck and
the arteries of the round ligament. The extra-capsular arterial ring is formed by a large
branch of the medial femoral circumflex artery and by branches of the lateral femoral
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circumflex artery. In femoral neck fractures, especially in displaced fractures, the vascu-
larization of the femoral head is at risk. The most important blood supply, provided by
the intra-osseous cervical vessels that cross the marrow spaces from distally, is disrupted
in case of a displaced femoral neck fracture. Alternative ways of blood supply such as
the ligamentum teres and the branches of the extra-capsular arterial ring are not suf-
ficient in many elderly patients. Insufficient post-traumatic blood supply in the hip may
result in avascular necrosis (AVN). AVN rarely occurs in extra-capsular fractures.’

CLASSIFICATION

Intra-capsular fractures

The Pauwels classification (1935)° 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, based on 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 in femoral neck fractures as it increasingly
interferes with the blood supply of the femoral neck.

In daily practice, the Garden-classification (1961)” is still the most frequently used clas-
sification for femoral neck fractures. It is based on the amount of fracture displacement.
Four types of fractures are distinguished: Garden grade | is an incomplete femoral
neck fracture, with valgus impaction®, Garden grade Il is a complete but non-displaced
fracture; a Garden grade Il fracture is a complete and partially displaced fracture with
alignment of the femoral neck relative to the neck in varus deformity and Garden grade
IV is a complete fracture with complete displacement. The Garden grade | and Il fractures
are considered ‘non-displaced’ and Garden grade Il and IV fractures are considered ‘dis-
placed’and are believed to be associated with higher complication rates.

Both the Garden and the Pauwels classification are commonly used in literature, treat-
ment guidelines, research, and pre-operative planning. The 31-B AO classification’,
which consists of nine subtypes, incorporating both fracture line and fracture displace-
ment, is less frequently used for femoral neck fractures.

Extra-capsular fractures

Trochanteric femoral fractures are the most common type of extra-capsular hip fractures
and account for 34-46% of the total number of hip fractures.”” The number of patients
with a trochanteric fracture is increasing faster than that of the femoral neck fractures.
This mightin part be due to the fact that the trochanteric fracture type seems to be more
associated with osteoporosis than femoral neck fractures.'" "> A number of classification
systems have been developed for trochanteric hip fractures. In 1949 Evans'® described
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an anatomical classification based on the number of fragments and whether or not the
lesser trochanter is split off as a separate fragment, which was later revised by Jensen."
The AO-classification of Miiller® for trochanteric fractures is comprehensive when only
used for subdivision into 31A1, A2 and A3. Currently, no single classification system for
trochanteric fractures is unanimously accepted, because most classifications show low

inter- and intra-observer agreement and are therefore considered unreliable.” "’

TREATMENT OPTIONS

Non-operative treatment

In the Netherlands, impacted or non-displaced femoral neck fractures are sometimes
treated non-operatively. Non-operative treatment may be considered for non-displaced
femoral neck fractures of healthy patients and patients who can support weight on
the fractured hip during walking. This type of non-operative treatment could result in
secondary displacement of the fracture in around one-third of the patients. The patients
that suffer from secondary displacement of a femoral neck fracture will be treated by
(hemi-)arthroplasty because it is likely to have caused a disruption of the blood supply
of the head of the femur. Head-preserving treatment results in high rates of non-union
or AVN.

Non-operative treatment of trochanteric fractures is uncommon in the Western world
but could be considered when no operative treatment facilities are available or when

the patient is terminally ill, e.g. as a result of an advanced malignancy.'® "

Surgical treatment

Femoral neck fractures can be treated by internal fixation or by hemi- or total arthro-
plasty. It has been proven that internal fixation is associated with less perioperative
complications but more fixation failures and subsequent reoperations than arthroplas-
ties.”® However, many studies on these rates fail to report important fracture criteria
such as fracture classification. It is therefore, despite the large numbers of studies on
the topic, still not clear what the best treatment is for the different subtypes of fractures.
When preservation of the femoral head is intended, non-displaced intra-capsular frac-
tures can be treated with either a sliding hip screw (e.g. dynamic hip screw: DHS) or
three cannulated screws (CS). In displaced femoral neck fractures, most surgeons tend
to choose for hemi-arthroplasty in the elderly patients (above 75 years).”' In patients
younger than 75 and in good health, preservation of the femoral head is generally
intended, even when some dislocation might have occurred. Younger healthy patients
are less prone to AVN because of a better vascular status. Furthermore, the alternative,
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arthroplasty, is in many cases associated with major revision surgery after a period of
10-15 years.”

Trochanteric fractures, both stable and unstable, are commonly fixated using extra-
medullary implants such as a Dynamic Hip Screw or intramedullary devices such as
the Gamma-nail System or Proximal Femoral Nail Antirotation (PFNa). Currently, sliding
hip screw devices are most commonly used for the stable fractures such as the type
AO 31-A1 fractures and intramedullary devices are most commonly used for AO 31-A3
fractures. The optimal treatment device for the AO 31-A2 fractures still is topic of debate.
Recent studies showed some advantages of the more expensive intramedullary nails, al-
though most of these studies did not analyse for the separate fracture subtypes.”>” For
the AO 31-A3fractures, which consist of the transverse and reversed trochanteric frac-
tures, consensus exists on implant type: this fracture is best treated by intramedullary
implant. In studies the AO 31-A3 fracture was proven to be a biomechanical different
type of fracture compared to the type A1 and A2. For instance, treating an A3 fracture by
extramedullary implant leads to high rates of fixation failure, since the hip screw does

not cross the primary fracture line.”*?’

Fixation failure

All above mentioned implants are associated with fixation related complications such as
cut-out of the implant, AVN and delayed- or non-union. Fixation related complications
are reported in up to 30% of the proximal femur fractures. They tend to vary strongly,
depending on fracture type and choice of treatment: 4% in non-displaced femoral neck
fractures® and up to 30% in displaced femoral neck fractures.”” In trochanteric fractures
reoperation rates are reported between 2% and 30%.>*>*? Many of these complications
relate to the biomechanical characteristics of both the fracture and the fixation device
and to patient or surgeons related factors such as the quality of the bone, operation
technique and fracture reduction.
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AIMS AND OUTLINE OF THIS THESIS

The first aim of this thesis is to provide a better understanding of fracture patterns and
fracture classification, in other words: the personality of the fracture. The second aim is to
personalize hip fracture treatment: What fracture, patient or surgeons’ characteristics may
lead to improvement of hip fracture care?

In order to achieve our aims we have tried to answer the questions outlined below.

Personality of the fracture

In Chapter 2 increased insight in the trochanteric fracture anatomy was intended by
quantifying the properties of the fracture line in terms of the fracture line angle and its
anatomical location. We aimed to answer the question:
What anatomical fracture properties of trochanteric fractures may lead to an improved
classification that is more appropriate for guiding treatment and outcome?
An ideal fracture classification system should provide information on fracture pattern
and stability, and, more importantly, it should guide the choice of treatment. In order
to be of clinical value a classification should have a high degree of reproducibility. The
reliability of the most frequently used classifications for proximal femur fractures were
studied in Chapters 3, 4, 5 and 6. These studies intended to answer the following ques-
tions:
What is the agreement among surgeons on current fracture classifications for proximal
femoral fractures?
What is the agreement among surgeons on choice of treatment and fracture stability
based on fracture classification?
Does agreement of fracture classification and agreement on choice of treatment on
trochanteric fractures improve with additional computed tomography (CT) analysis of
the fracture?

Personlized hip fracture treatment

Although not scientifically substantiated so far, rotational instability appears to play
a significant role in fixation failure. In Chapter 7 the amount of rotational instability in
hip fractures, related to type of fracture and modern implants was studied in order to
answer the question:
Is it possible to create a migration profile, in terms of rotation and shortening and iden-
tify those patients at risk for fixation failure?

Chapter 8 presents the results of a retrospective cohort study concerning the pre- and
post-operative radiographic fracture characteristics in relation to patient age and the
occurrence of reoperation. The following question was studied:

15
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What patient and fracture properties of femoral neck fractures might attribute to fixa-
tion failure?
The surgeons’ intra-operative estimations of the femoral anteversion angle during
placement of a hemi-arthroplasty are relevant for the post-operative outcome of femo-
ral neck fractures. These estimations are studied in Chapter 9. The study aimed to answer
the question:
How well does the surgeon intra-operatively estimate a femoral anteversion angle dur-
ing placement of a hemi-prosthesis?
In Chapter 10 a systematic review regarding the treatment dilemmas in non-displaced
femoral neck fracture intends to answer the question:
When should a surgeon treat a non-displaced femoral neck fracture non-operatively?
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ABSTRACT

Aim
The aim of this study was to evaluate the trochanteric fracture line in terms of the frac-
ture line angle and anatomical location.

Methods

The preoperative AP radiographs of 164 patients with trochanteric fractures were
obtained. Measurements were made of: (1) the angle between the mid-shaft femoral
axis and the fracture line, (2) the intersection point of the fracture line with the greater
trochanter.

Results

An increase in comminution correlated with an increased fracture line angle. The angle
of the fracture line relative to the femoral shaft showed a mean of 43° (SD 10), but a
range from 19° to 146°.

Conclusion

This study provides information on the fracture line properties of trochanteric fractures
and demonstrates a massive range in fracture line inclination and fragment size. Engi-
neering modeling studies have indicated that the measurements described in this study
have a major bearing on fracture stability. These findings can be applied to improve
classifications for stable and unstable trochanteric fractures.



Chapter 2
INTRODUCTION

The trochanteric femoral fracture is still regarded as a major orthopaedic challenge as
high rates of failure of fixation occur."

To optimise fracture fixation, the fracture pattern needs to be understood.” A number of
classification systems have been developed for trochanteric hip fractures. In 1949 Evans
described an anatomical classification based on the number of fragments and whether
or not the lesser trochanter is split off as a separate fragment.® The AO-classification
of Miiller is comprehensive but is difficult to apply in detail in the clinical setting.” Cur-
rently, no single classification system for trochanteric fractures is unanimously accepted
because most show low inter- and intra-observer agreement and are therefore consid-
ered unreliable.*'" Moreover, classification of trochanteric fractures is often considered
of low clinical relevance because classifying the fracture does not indicate a prognosis
or guide treatment, since both stable and unstable fractures are fixated with a sliding
hip screw (SHS) or an intramedullary device (IM)."" Studies assessing new implants or
comparing existing implant types rarely use fracture classification systems despite their
possible value.'

Reverse type trochanteric fractures with a reversed oblique fracture line have been
shown to be a biomechanically different type of fracture and are for this sub type intra-
medullary nailing has been recommended.” In addition, clinical studies suggest that
the integrity of the lateral wall is a factor in trochanteric fracture stability which indicates
that the site where the fracture line breeches the lateral cortex is important.' Therefore,
the aim of this study was to evaluate the variation in anatomy of the trochanteric frac-
ture line, in particular its inclination and the integrity of the lateral wall was assessed.

PATIENTS AND METHODS

All pre-operative antero-posterior (AP) radiographs of the hip and pelvis and post-
operative AP hip radiographs of femoral trochanteric fracture patients treated by SHS at
the Royal Infirmary of Edinburgh over a 6 month period were analyzed. The radiographs
were not standardized, but the images were obtained in routine clinical practice and
therefore the ones available to the treating orthopaedic surgeon.

The radiographs were digitized with a high-resolution flat-bed scanner especially de-
signed to scan radiographs (UMAX™ Powerlook 2100XL)." The images were imported
into Image J™, a Java image processing program, and parameters were recorded by 2
orthopaedic residents and confirmed by two orthopaedic consultants.

Each image was corrected for magnification error by recording the barrel width of the
SHS (Dynamic Hip System, DePuy Synthes, Switzerland) on the post-operative image.

23
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P

Type 1 Type 2 Type 3 Type 4 Type 5

Figure 1

Jensen classification of Evans'classification

The real width of this was known and was not affected by rotation on the radiographs,
as it was a cylinder. The use of known SHS dimensions to correct for magnification has
been reported previously.'® Magnification was then corrected for the pre-operative im-
age by measuring the smallest femoral neck width on the post-operative radiographs
and the smallest femoral neck width on the preoperative radiograph. Any difference in
the preoperative film was corrected throughout all measurements made on this image.
Data that needed correction for magnification from eight fractures were excluded from
analysis because of poor postoperative radiograph quality. All fractures were classified
according the AO/ASIF classification and Jensen’s modification of the Evans classifica-
tion. (Figure 1) Fractures that showed a sub-trochanteric extension (fracture extend-
ing distally outside trochanteric area as defined in the AO/ASIF classification)’ were
excluded. Measurements of the fractured femur were taken from the pre-operative AP
scanned radiograph (Figure 2a and Figure 2b). In particular, the greater trochanter was
scrutinized to determine whether the lateral wall was intact and the greater trochanter
was measured to assess whether the, fracture line was in the proximal, middle or distal
one-third of the greater trochanter (Figure 3). If the fracture was displaced or commu-
nited, the fracture line was ascertained from the proximal end of the distal fragment of
the fractured femur. If the height of the greater trochanter was difficult to assess due to
it being fractured, its height was estimated from the contra-lateral femur on the pelvic
radiograph. The area of the greater and lesser trochanter fragments was measured using
a pixilation technique (Image J™).

The AP area of the lesser trochanter fragment was calculated and the percentage of the
width of the bone that this fracture fragment extended across the femur (the intrusion
distance) was measured. Accuracy was assessed using repeat measurements (N=10),
yielding a 3.5 % RSD (relative standard deviation) for the linear measures, 2.2 % RSD for
the angular measures and 10.1% for the area measurements.

Data was collected and analysed using statistical computer software SPSS version 14.
Statistical significance accepted at p< 0.05 (ANOVA)
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Integrity of

lateral wall:

intersection point
racture line

Figure 2a

Measurements made using Image J™ on preoperative radiographs

Figure 2b
Measurements made using Image J™ on preoperative radiographs

FL: fracture line

GT and LT: lines that represent the length of the greater and lesser trochanter

GT-FL length of GT to the point where it intersects with the fracture line (FL)

(LT-FL: length of the lesser trochanter line to the point where it intersects with line the fracture line was not in-
cluded in this study)
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Proximal mzi‘,f

Figure 3

Lateral wall integrity: Fracture line crossing proximal, middle and distal one-third of the greater trochanter.

RESULTS

There were 31 male and 133 female patients. The mean age was 80.5 years (S.D. 12.7).
The results of classification according to the Jensen’s modification of the Evans’ grad-
ing and the AO/ASIF are shown in Table 1. All patients could be classified with both

Table 1

Jensen'’s modification of the Evans grading and the AO/ASIF classification

Jensen’s modification Count

Type 1: Two part undisplaced 15 (9%)
Type 2: Two part displaced 46 (28%)
Type 3: Three part, loss of posterolateral support 21 (13%)
Type 4: Three part, loss of medial support 38 (23%)
Type 5: Four part 44 (27%)
Total 164

AO classification Count
AO31-1.1: Fractures along intretrochanteric line 14 (9%)
AO31-1.2: Fractures through greater trochanter 40 (24%)
AO31-1.3: Fractures below lesser trochanter 9 (6%)
AO31-2.1: One intermediate fragment (lesser trochanter) 21 (13%)
A031-2.2: Intermediate fragments 37 (23%)
AO31-2.3: More than 2 intermediate fragements 38 (23%)
AO31-3.1: Simple, oblique 0 (0%)
AO31-3.2: Simple, transverse 0 (0%)
AO031-3.3: Reversed oblique, with medial fragment 5 (3%)

Total 164
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Frequency plot for the fracture line angle.
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Figure 5

Frequency plot for the fracture line angle of simple two part fracture compared two multifragmentary frac-
tures
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Frequency plot for the angle between the mid-shaft axis and the fracture line in relation to AO/ASIF clas-
sification

Table 2

Fracture line crossing proximal, middle and distal one-third of the greater trochanter.

Proximal 1/3™ Middle 1/3rd Distal 1/3rd
AO Number of Number of Number of
classification fractures fractures fractures Total
A1l 28 (46%) 30 (42%) 0 (0%) 58
A2 33 (54%) 41 (58%) 16 (89%) 90
A3 0 (0%) 0 (0%) 2 (11%) 2
Total 61 71 18 150

Proximal 1/3" Middle 1/3rd Distal 1/3rd

Jensen Number of Number of Number of
classification fractures fractures fractures Total
Type 1 10 (16%) 4 (6%) O (0%) 14
Type 2 19 (31%) 23 (32%) 0 (0%) 42
Type 3 3 (5%) 11 (16%) 3 (17%) 17
Type 4 18 (30%) 15 (21%) 3 (17%) 36
Type 5 11 (18%) 18 (25%) 12 (67%) 41
Total 61 71 18 150

Excluded data (n=14) in this table: the fracture line crossing proximal (n=2) of, or not crossing with the greater
trochanter (n=4). Two of these four fractures were reversed oblique fractures. Eight fractures were excluded due to
poor quality of the post-operative radiograph (n=8).



Chapter 2

Figure 7

The intrusion of the medial fragment or fractured lesser trochanter into the fracture complex

classification systems and the fractures with subtrochanteric extensions were excluded.
The mean length of the fracture line was 74 mm (S.D. 13). The angle of the fracture line
to the femoral shaft showed a median of 43° and a mean of 45° (S.D. 17°) with an exten-
sive range from 19° to 90° for those of standard obliquity and 105° to 146° for those of
reversed obliquity. Figure 4 shows the distribution of angle of the fracture line with the
femoral shaft. Excluding the reversed oblique fractures, the mean angle of the two-part
fractures was 41° (S.D. 8), of three-parts was 43° (S.D. 10) and of the fractures with four-
or more parts 46° (S.D. 13). The distribution for simple 2-part fracture is compared to
comminuted fractures with three-parts of more in Figure 5. An increase in comminution
correlated with an increased fracture line angle (p=0.048, ANOVA).

The fracture line angle is presented according to the AO/ASIF classification in Figure 6. In
the 156 fractures that could be analyzed (8 excluded due to poor post-operative X-ray im-
age quality), 63 fractures (40%) had an intact lateral wall, i.e. the fracture line intersected
the proximal third of the greater (N=61) trochanter or passed proximal to the greater
trochanter (N=2). These included 29 two-part and 34 three-part or more part fractures.
The lateral wall integrity for the fractures was classified according to the AO and Jensen
classification. There was a tendency of more distal intersection of the trochanter as the
fracture becomes more unstable (Table 2).
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The sizes of medial and lateral fragments have major implications for load sharing. The
area of the lateral fragment on the AP radiograph had a mean of 15.1 cm? (SD 7.8 cm?)
with a range from 3.6 cm? to 35.3 cm”. The medial fragment had a mean area size of 7.4
cm? (SD 5.2 cm?) with a range from 1.3 cm? to 29.6 cm? The lateral fragment had a larger
mean area size than the medial fragment (p<0.05).

The intrusion distances along the fracture line showed a mean of 70% intrusion of the
lateral fragment. The medial fragment extended at most 60% into the fracture complex
and 62% of the fractures with a lesser trochanter fragment extended to 25% percent of
the fracture line. (Figure 7)

DISCUSSION

It remains unclear what implant should be used for the different subtypes of trochan-
teric fractures. Most surgeons agree that simple two- part fractures (AO-A1) should be
treated with a SHS. Reverse obliquity fractures (AO-A3) should be considered as bio-
mechanically unstable. Their tendency for medial displacement caused by the reversed
oblique course of the fracture line results in fixation failure rates of up to 56% when
a conventional sliding hip screw device is used.”" This is because the lag screw does
not cross the primary fracture line and controlled collapse of the fracture with the head
of the femur sliding on to the metaphysis, promotes separation rather than impaction
of the fracture.” '®'® This group of fractures is routinely treated with an intramedullary
device (IMN).

Some patterns are considered unstable such as four-part fractures and fractures with
medial cortical comminution but the evidence for these assertions is absent or weak.*'**'
Although, certain subtypes of trochanteric fractures have different biomechanical prop-
erties, the current classifications are rarely used for clinical purposes and prospective
randomized studies comparing the SHS and IM-nail have failed to show differences be-
tween the implants.'? This lack of difference, may be because the aspects of the fracture
anatomy that affect the mechanical stability have not been taken into account. Recently,
Goffin et al'* using a finite element model have shown that the predicted chance of
fixation failure with a SHS increases considerably when the lesser trochanter fragment
intrusion distance reaches 40%. Our data shows that 53% of the patients with 3-part
fractures or 4-part fractures fall into the category of an intrusion distance of 20% - 60%
and we recommend that future studies on proximal femoral fractures should include
this variable. Based on the known biomechanical properties of trochanteric fractures
and currently used classifications, we believed there might be a role for using the angle
of the fracture line and its position in grading the stability of the trochanteric fractures.
In this study we provide a more detailed analysis of these fracture line characteristics.
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We have demonstrated that the fracture line crosses the upper third of the greater
trochanter in only 50% of two-part fractures. In these patients, it would be expected
that the integrity of the lateral wall is maintained and that after fixation, collapse of the
fracture would be expected to be small. These findings regarding lateral wall integrity

are of interest considering the study of Gotfried et al.”?

concerning the key role of an
intact lateral wall in the stabilization of trochanteric fractures. In addition, Gotfried et
al. have commented that fixation failure is often caused by perioperative fracturing and
instability of the lateral wall.” In order to improve our care for patients with trochanteric
fractures, new studies, comparing or introducing new implants, should take the differ-
ent subtypes of trochanteric fractures into account. A clinically relevant and reliable
classification system would be of value for selecting the optimal implant and evaluating
new implants. Our study has shown that it may be of value to incorporate the inclination
of the fracture line into trochanteric femoral fracture classification systems.

The main limitation of this study that the used radiographs were not standardized. This
was pragmatic and these would be the standard images available to the treating ortho-
pedic surgeon. CT scanning would enable further definition of the fracture anatomy, but
these are not routinely available. Despite above mentioned limitation, we conclude that
this study provides information on the fracture line properties of trochanteric fractures
and shows a wide variation in the inclination of the fracture line even within current
subtypes and a lack of categorization of lateral wall integrity with current classification
systems.
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ABSTRACT

Aim

This study compares the reproducibility of two classifications for trochanteric femur
fractures: the Jensen classification and the AO/ASIF classification. Furthermore we evalu-
ated the agreement on fracture stability, choice of osteosynthesis, fracture reduction
and the accuracy of implant positioning.

Methods

In order to calculate the inter-, and intra-observer variability ten observers classified 50
trochanteric fractures.

Results

The inter-observer agreement of the AO/ASIF classification and the Jensen classification
was K0.40 and k0.48. The kappa coefficient of the intra-observer reliability of the AO/
ASIF classification was k0.43 and k0.56 for the Jensen classification.

Preoperative agreement on fracture stability and type of implant showed kappa values
of k0.39 and k0.65. The postoperative agreement on choice of implant, fracture reduc-
tion and position of the implant was k0.17, k0.29 and k0.22, respectively.

Conclusion

Both classifications showed poor reproducibility. This study suggests that the definition
of stability of trochanteric fractures remains controversial, which possibly complicates
the choice of osteosynthesis.
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INTRODUCTION

An ideal fracture classification system should provide information on fracture stability,
and, more importantly, it should guide the choice of treatment and the classification
should have a high degree of reproducibility.

Trochanteric femoral fracture treatment is considered to be common practise and the
fractures account for approximately half of all hip fractures.' The reliability of the two
most frequently used classifications, the Jensen modification of Evans’ classification’
and the AO/ASIF classification, have been assessed in a limited number of studies.>® It
is not well known whether or not surgeons agree on the definition of stability of these
fractures or the choice of fixation.

The Evans’ classification (1945 °), modified by Jensen (1980 ?), describes the location
of the fracture line and the stability of the fracture. The more recently developed AO/
ASIF classification' is designed to provide prognostic information on achieving and
maintaining reduction of the fracture.

The goal of this study was to assess the inter-observer reliability and intra-observer re-
producibility of two frequently used classifications for trochanteric femur fractures, the
Jensen modification of the Evans'’ classification and the AO/ASIF classification. Further-
more, the agreement among observers on fracture stability, choice of osteosynthesis,
fracture reduction, and position of the implant was evaluated.

PATIENTS AND METHODS

We randomly selected 50 anterior-posterior (AP) and lateral view preoperative radio-
graphs of patients that were admitted from June 2006 to April 2007 with a fracture of
the trochanteric region in our level 1 trauma centre. The quality of all radiographs was
representative and initial choice of treatment was based on these radiographs.

The observers’ group consisted of five trauma surgeons and five surgical residents with
special interest for orthopaedic trauma. The observers were asked to classify indepen-
dently the fractures according to the Jensen modification of the Evans’ classification and
the AO/ASIF classification. All participants were familiar with both classifications and
each questionnaire was provided with a diagram of the different types of fractures.

The Jensen modification of the Evans’ classification (Figure 1) consists of five subtypes:
type 1: undisplaced 2-part fracture, type 2: displaced 2-part fracture, type 3: 3-part
fracture without posterolateral support due to dislocated of the greater trochanter
fragment, type 4: 3-part fracture without medial support due to a dislocated lesser tro-
chanter fragment and type 5: 4-part fracture without posterolateral and medial support.
The AO/ASIF classification for trochanteric femur fractures (Miiller, 1980 ') is build up
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Type 1 Type 2 Type 3 Type 4 Type 5

Figure 1

Jensen’s modification of the Evans classification

31-A1.1 31-A1.2 31-A1.3

31-A2.1 31-A2.2 31-A2.3

31-A3.1 31-A3.2 31-A3.3

Figure 2

The AO/ASIF classification for trochanteric femur fractures, proposed by Miller et al
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by three groups of possible types of fractures and then according to increasing fracture
severity divided in the subgroups A, B or C. (Figure 2)

The observers were provided as much time as needed for accurate assessment. The
participants were not allowed to discuss their findings with others and they were not
informed about the re-assessment of the radiographs. Three months after the initial as-
sessment, each observer was asked to assess the same set of radiographs in a different
order.

In both sessions the observers were asked whether they considered the trochanteric
fracture as ‘stable’ or ‘unstable, without providing them a definition. In the first session
the preferred type of implant was determined. The observers could choose between
a Dynamic Hip Screw or intramedullary device such as the Gamma-Nail In the second
session we provided the observers with postoperative radiographs of the same fractures
as shown in both sessions. The observers were asked whether they would have used the
type of osteosynthesis as shown on the postoperative radiograph and, whether they
considered the fracture reduction and the position of the implant adequate.

Statistical analysis was performed by calculating the Cohen kappa value using SPSS
14.0 statistical 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."" 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 reli-
ability, 0.41 to 0.60 moderate reliability, 0.61 to 0.80 substantial agreement and 0.81 to
1.00 almost perfect agreement.' The Student’s T-test was used to compare mean kappa
coefficients between the trauma surgeons and residents.

RESULTS

The mean age of the 50 subjects was 80 (SD 12.7). Thirteen patients were male and 37
female. Table 1 shows the fractures classified by the authors using the AO/ASIF classifica-
tion and Jensen classification.

The intra-, and inter-observer agreement on both classifications was not significantly
different between the trauma surgeons and residents (p>0.05). The kappa values are
depicted in table 2 and 3.

The inter-observer kappa of all observers regarding the fracture stability was 0.39 (SE
0.05) in the first session and 0.56 (SE 0.1) in the second session. The inter-observer kappa
value of the trauma surgeons was 0.34 (SE 0.08) and 0.76 (SE 0.25). The residents scored
0.44 (SE 0.08) in the first session and 0.52 (SE 0.08) in the second session. The kappa
coefficient of the intra-observer agreement on the stability of the trochanteric fractures
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Table 1

Classification of 50 trochanteric fractures by the authors according the Jensen classification and the AO/
ASIF classification

Jensen N (%)
Type 1 7 (14)
Type 2 6 (12)
Type 3 10 (20)
Type 4 7 (14)
Type 5 20 (40)
Total 50

AO/ASIF N (%)
Al 6 (12)
A1.2 8 (16)
A13 0 (0)
A2.1 2 (4)
A22 4 ®)
A23 15 (30)
A3.1 2 (4)
A3.2 4 (8)
A33 9 (18)
Total 50

Table 2

Inter-observer agreement

Session 1- Session 2

Kappa SE
AO/ASIF 0.40-0.38 (0.01)
Trauma surgeons 0.41-0.35 (0.02)
Residents 0.39-0.40 (0.02)
AO excluding subgroups 0.68-0.67 (0.02)
Trauma surgeons 0.71-0.64 (0.04)
Residents 0.66 -0.63 (0.04)
Jensen classification 0.48-0.45 (0.02)
Trauma surgeons 0.45-0.38 (0.03)

Residents 0.45-0.45 (0.03)
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Table 3

Intra-observer agreement

Observer AO/ASIF (SE) AO/ASIF (SE) Jensen (SE)

Excluding subgroups

All 0.43 (0.08) 0.71 (0.08) 0.56 (0.09)
Trauma surgeons 0.42 (0.08) 0.72 (0.08) 0.50 (0.09)
1 0.35 0.73 0.56
2 0.49 0.84 0.55
3 0.38 0.68 0.42
4 0.64 0.87 0.58
5 0.26 0.50 0.37
Residents 0.43 (0.08) 0.69 (0.08) 0.61 (0.08)
1 0.43 0.72 0.66
2 0.34 0.69 0.65
3 0.51 0.74 0.59
4 0.40 0.56 0.53
5 0.49 0.72 0.63

was 0.59 (SE 0.1) for all observers. The trauma surgeons scored 0.64 (SE 0.1) and the
residents 0.50 (SE 0.1).

The preoperative agreement on the choice of implant showed a kappa value for all
observers of 0.65 (SE 0.04). The trauma surgeons showed a kappa coefficient for inter-
observer reliability of 0.63 (SE 0.06) and the residents of 0.70 (SE 0.06). Postoperatively the
trauma surgeons and residents considered 15% and 18% of the fractures were treated
with an inappropriate type of implant, and their agreement showed a kappa value of
0.17 (SE 0.08).

The inter-observer agreement on postoperative fracture reduction showed a kappa
coefficient of 0.29 (SE 0.07) and on position of the implant it was 0.22 (SE 0.05).

DISCUSSION

In this study the reliability of two commonly used classifications for trochanteric femur
fractures, the AO/ASIF classification and the Jensen classification, was compared. We
found a ‘poor’ reliability for the AO/ASIF classification and only a ‘moderate’ reliability
for the Jensen classification. Furthermore, our study showed that the reproducibility
of the AO/ASIF classification improved when subgroups of the classification were not
provided.
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These classifications have been studied before in a limited number of studies and
showed similar results.>® However, several limitations weakened the available data
because these studies were conducted in a smaller number of observers with statisti-
cal restrictions. In the present study a SPSS syntax file was used, specially developed to
calculate the inter-observer kappa in a larger group of observers.

There are several reasons to explain the disappointing reliability of these classifications.
Our results showed a high rate (22%) of reversed oblique fractures, possibly because the
study was performed in a level 1 trauma centre and these ‘high energy fractures’ were
more common. The variability coefficient of 0.67 (SE 0.08) for this subgroup for the AO
classification showed ‘substantial’ agreement and possibly implies that this particular
fracture has a better understanding of instability than others. Because, trochanteric frac-
tures of the reversed oblique type are not separately classified with the Jensen modifica-
tion of the Evans’ classification, the large number of reversed oblique fractures in our
study might have given an underestimated inter-, and intra-observer kappa value for
this classification. This type of fracture is regarded as unstable and suffers from high
complication rates (26%)."” We therefore believe that the ‘Type R: Reversed’ fracture, as
originally used in the Evans’ grading, should be re-introduced to further improve agree-
ment of this classification.”

Besides the poor reliability of the fracture classification systems, the results of this study
also showed low agreement on appointing a trochanteric fracture as‘stable’or‘unstable’
Surgeons often refer to trochanteric fractures in these terms but an exact definition
lacks. Certain characteristics are generally considered ‘unstable’ such as the reversed
oblique fractures, four-part fractures and all fractures with medial cortical comminution
but evidence for these assumptions are absent or weak.” '*'* Consequently, as shown
in this study, there is little agreement on what type of implant to use in the case of
an ‘unstable’ fracture. According to most studies Al-fractures are considered ‘stable’
and frequently treated with a Dynamic Hip Screw. The A2 and A3 types are considered
‘unstable’and usually treated with an intramedullary device. However, at the moment it
is still widely questioned what type of implant is best to use in both stable and unstable
trochanteric fractures, especially in the types A1.3, A2.1 and A3."'®"® In this study the
observers classified a total of 24 type A1.3 fractures and the proposed implant was a DHS
in 10 patients and an intramedullary device in 14 patients. As for the type A2.1 fractures,
a DHS was chosen in only 3 out of 24 patients. Better agreement was observed for the
reversed oblique fracture, as the observers proposed a DHS for only 2 out of a total of
98 fractures that were classified as type A3. It is of great interest whether these findings
also imply that a better clinical outcome could be expected in these specific groups
that score highly on agreement. If that is the case we could postulate that the accurate
treatment modality has been used. However, to obtain these data further research has
to be conducted.
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Our results also indicated low agreement on fracture reduction and adequate implant
positioning. In this study we found a better post-operative agreement on fracture reduc-
tion for fractures treated with a DHS than with an intramedullary device (k0.39, SE 0.14
vs. K0.24 SE 0.04), which we cannot explain. The agreement on the position of the DHS
was poor (k0.14, SE 0.18) and slightly better for the intramedullary implant (k0.22, SE
0.07). These results suggest that at present there is little insight on the biomechanical
properties of the trochanteric fracture and that it remains unclear, whether an unstable
fracture is likely to lose its reduction and how fixation failure will occur.

This confusion on fracture stability might be explained by contradicting reports in litera-
ture. For instance, some established authors provided conflicting advice on whether the
medial structural integrity is crucial.” More recent studies by Palm® and Gotfried' imply
a key role of an intact lateral wall in the stabilization and fixation of these fractures. Palm
suggested that the integrity of the lateral trochanteric wall was an important predictor
of re-operation and according to Gotfried'® fixation failure was also caused by fracture
and instability of the lateral wall. These studies suggest that current classifications might
focus on less important fracture characteristics and might need to be revised.

In the more complex type of trochanteric fractures adequate radiological evaluation
could be the answer to evaluate an adequate treatment plan and reliable fracture
classification. The value of computed tomography (CT) has been studied for different
type of fractures with complicated fracture patterns such as tibial plateau or calcaneal
fractures and proved to be superior to plain radiography.”®* However, for trochanteric
fractures of higher complexity improvement of the reliability of fracture classifications
was never assessed with CT in a clinical study. It is possible that better understanding
of the fracture type and improved pre-operative planning will in higher agreement and
improved clinical outcome.

The major disadvantage in our study is the relatively large group of surgical residents
in the group of reviewers. The low agreement on fracture classification and treatment
might be explained by their lack of surgical experience. Other studies investigating the
reliability of fracture classifications have used high numbers of residents before and did
show experience improves the reliability of a classification.* > The agreement of our
residents on both classifications is lower, but failed to be significant. We have included
experienced and less experienced observers because in clinical practise both are in-
volved in fracture classification and treatment. A well designed and reliable classifica-
tion system should be applicable by both orthopaedic surgeons and surgical residents.
In conclusion, this study demonstrated that none of the widely used classification
systems for trochanteric fractures accurately identified those fractures likely to have
uneventful healing. Consequently there was no consensus on the choice of treatment
in most cases. Moreover, the definition and agreement on a successful operation lacked
and further blurred the complete appreciation of these fractures. In order to improve
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current fracture management, a classification system should be newly developed by
obtaining more insight on the fracture characteristics, its biomechanical properties and
understanding thereof, and a definition of successful fracture reduction.
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ABSTRACT

Aim

The Garden classification is used to classify intra-capsular proximal femur fractures. The
reliability of this classification is poor and several authors advise a simplified classifica-
tion of intra-capsular hip fractures into non-displaced and displaced fractures. However,
this proposed simplified classification has never been tested for its reliability.

We estimate that simplifying the classification of femoral neck fractures will lead to a
higher inter-observer agreement.

Material and Methods

Ten observers, trauma surgeons and residents, from two different institutes classified
100 intra-capsular femoral neck fractures. The inter-observer agreements were calcu-
lated using the multi-rater Fleiss’ kappa.

Results

The inter-observer kappa for the Garden classification was 0.31. An agreement of k0.52
was observed if the Garden classification was simplified and the fractures were classified
by our observers as ‘non-displaced’ or ‘displaced’. No difference in reliability was seen
for the use of the four-grade Garden classification as well as the simplified classification
between trauma surgeons and residents.

Conclusion

Classification of intra-capsular hip fractures according to the four-grade Garden clas-
sification is unreliable. The reliability of classification improves when the Garden clas-
sification is simplified in a classification using the terms: 'non-displaced’ or ‘displaced’.
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INTRODUCTION

The Garden-classification' is used frequently to classify femoral neck fractures. Sev-
eral studies have investigated the reliability of the four-grade Garden classification and
showed poor reliability, caused by difficult radiological distinction between different
grades, especially grade | and Il, and a limited clinical relevance in terms of predicting
the likelihood of malunion or avascular necrosis. >

Several authors have recommended a simplified classification being ‘non-displaced’and
‘displaced’fractures.>®° However, this proposed simplified classification, has never been
tested for its reliability and applicability in clinical practise. In this study we assess the
agreement of two classification systems for femoral neck fractures, the four-category
Garden classification and we investigate the reliability of a simplified classification of
femoral neck fractures into ‘non-displaced’ and ‘displaced’ fractures.

PATIENTS AND METHODS

Patients

We retrospectively selected 100 anterior-posterior (AP) and lateral view preoperative
radiographs in a period from December 2005 until February 2007 of patients that had
been admitted with a femoral neck fracture, in the Medisch Centrum Haaglanden, The
Hague, The Netherlands. The radiographs were selected randomly selected by date and
the radiographs were numbered. In the radiographs name of the patient was printed in
very small print. Since the selected radiographs were from a group of patients that was
treated for a femoral neck fracture at least three years ago and the results of this study
were not likely to be influenced by this fact, it was not considered a disadvantage. The
quality of all radiographs was representative and initial decision on treatment had been
made based on these radiographs.

Methods

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 Centrum Haaglanden, The Hague, The Netherlands and the Kardinal
Schwarzenberg’sches Krankenhaus, 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 assessment. They were asked to classify
the 100 fractures independently according to the Garden classification. The Garden clas-
sification’ (Figure 1) consists of four subtypes: Garden grade | is an incomplete femoral

51



52 | Chapter4

Grade | Grade Il Grade lll Grade IV

Non-Displaced Displaced

Figure 1

Top: The four-grade Garden classification, questionnaire of the observers
Bottom: Classification: 'non-displaced’ and ‘displaced".

neck fracture, with valgus impaction; Garden grade Il is a complete but non-displaced
fracture; Garden grade Il fracture is a complete and partially displaced fracture with
alignment of the femoral neck relative to the neck in varus deformity and Garden grade
IV is a complete fracture with complete displacement.

All participants were familiar with the classification and each questionnaire was pro-
vided with an overview of the four different types of fractures. Furthermore, we asked
the observers to classify the fractures as‘non-displaced’and ‘displaced’. In order to mimic
the clinical situation best, we did not provide the observers with a definition in terms of
a description or figure.

The inter-observer reliability of the four-grade Garden classification and the simplified
classification of femoral neck fractures into ‘non-displaced’ and ‘displaced’ fractures was
calculated.

We also calculated the ‘expected’ inter-observer variability of the simplified two- grade
Garden classification. In order to calculate this kappa-value, we used data of the clas-
sified fractures according to the four- grade Garden classification by the ten observers
and paired the Garden grades | and Il (‘non-displaced’) and the Garden grade Ill and IV
(displaced’) together.
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Statistical analysis was performed by calculating the Cohen kappa value using SPSS
14.0 statistical 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.” 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."

RESULTS

The mean age of the 100 subjects was 81.4 (42-98, SD 9.9). Twenty-six patients were male
and 74 female. The inter-observer agreement of the fractures classified by all observers
using the four-grade Garden classification and the inter-observer kappa of the fractures
that were classified according ‘non-displaced’ and ‘displaced’ for both trauma surgeons
and residents, are presented in Table 1. No difference was seen between the trauma
surgeons and residents as the four-grade Garden classification and the simplified classi-
fication (‘'non-displaced’and ‘displaced’) showed respectively for both type of observers
‘fair' and ‘moderate’ agreement. The inter-observer reliability of the created two groups
(Garden grade | and Il fractures and Garden grade Ill and IV fractures together) based on
the four-grade Garden classification was k0.72. There was a higher agreement value if
we calculated the ‘expected’ agreement based on the four-grade Garden classification.
We statistically grouped the Garden grade | and Il fractures and grade lll and IV fractures
together and found an ‘expected’ two-grade Kappa value of k0.72, SE 0.04). In Table |
you find the Kappa-values of the four-grade Garden classification and the Kappa-values
of the ‘measured’ non-displaced and displaced classification.

Table 1

Inter-observer variability

Kappa SE
Four-grade Garden classification 0.31 0.01
Trauma surgeons 0.32 0.02
Residents 0.37 0.04
Two-grade Garden classification ‘measured’ (non-displaced and displaced) 0.52 0.06
Trauma surgeons 0.59 0.12
Residents 0.55 0.07
Two-grade Garden classification ‘expected’ 0.72 0.04
Trauma surgeons 0.85 0.07

Residents 0.61 0.06
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The observers classified a total of 230 fractures as Garden | or Il. Nevertheless, there was
a wide range of 39% to a 100% among observers classifying these as ‘non-displaced’.

DISCUSSION

A reliable fracture classification for the femoral neck fractures should have a high degree
of inter-observer agreement, provide information on the likelihood of complications
such as non-union or avascular necrosis and should guide implant choice. The use of
a simple ‘non-displaced’ and ‘displaced’ classification was suggested by several authors
because of the low reliability of the four-grade Garden classification and was never
tested for its inter-observer agreement. The classification of femoral neck fractures into
‘non-dipslaced’and ‘displaced’is believed to be of clinical relevance as it is incorporated
in several treatment guidelines. In this study we confirm ‘fair’reliability of the four-grade
Garden classification and its use in clinical practise should be avoided.*®”'? The inter-
observer reliability of the simplified classification of the fractures into ‘non-dipslaced’
and ‘displaced’ was ‘moderate’

Remarkably, we found higher agreement values if we calculated the ‘expected’ agree-
ment based on the four-grade Garden classification, statistically grouping the Garden
grade | and Il fractures and grade Il and IV fractures together. It seems that a distinct
description on when to consider a fracture ‘non-displaced’lacks, as some observers only
classified 39% of the Garden grade | and Il fractures as ‘non-displaced’ Thus, simplified
classifications may be more practical but clear definitions should be at hand for use to
render it more reliable. Furthermore, as this is a reliability study simply performed by
using preoperative radiographs, it should be taken into account that ideally, in the clini-
cal situation, intra-operative radiographs should be used to classify fractures. Although
intra-operative radiographs should be considered as‘gold standard’for logistical reasons
and patient benefit it is very valuable to be able to classify and make up a treatment plan
before entering the operation room.

Our results can be compared to the results shown by Blundell et al.”” Their results showed
higher inter-observer agreement after simplifying the AO-classification of intracapsular
hip fractures of the proximal femur, by classifying the fractures into non-displaced (B1.1,
B1.2 and B1.3), basal (B2.1) and displaced (B2.2, B2.3, B3.1, B3.2, B3.3). Another frequently
used classification is the Pauwels classifications that consist of three-types of fractures,
taking the angle of the fracture line into account. Although, it is used commonly, it has
been proven that the Pauwels classification suffers from poor inter-observer reliability.'®
In this study we assess the reliability of the proposed simplified classification of femoral
neck fractures in‘non-displaced and ‘displaced’fractures in a number of 100 patients, for
the first time. The limitation of this study is regarding the fact that the observers classify-
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ing the‘'non-displaced’and ‘displaced’fractures were not provided with a clear definition
or image, so we could not investigate whether the agreement would increase if these
were at hand. Despite, our results do suggests that the kappa value of a simple ‘non-
displaced’ and ‘displaced’ classification of femoral neck fractures could be improved if a
clear definition to the observer is provided.

CONCLUSIONS

A poor reliability of the four-category Garden classification was confirmed and for
clinical or research purposes this classification should not be used. Better reliability
was found for the classification of femoral neck fractures simply as ‘non-displaced’ or
‘displaced’.
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ABSTRACT

Aim

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 classification in pre-operative planning.

Methods

Ten observers classified 100 intra-capsular femur fractures. The inter-observer agree-
ment was calculated using the multi-rater Fleiss’ kappa.

Results

The Pauwels classification showed an inter-observer agreement of k0.31 (0.01).

Conclusion

Classification of intra-capsular hip fractures according to the Pauwels classification us-
ing the Pauwels angle is unreliable and its use should be avoided.
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INTRODUCTION

The Pauwels classification (1935)' 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
example, in the Dutch guideline for the treatment of intracapsular fractures, it is advised,
to treat a type Ill fracture with a Dynamic Hip Screw (DHS) and the type | and type I
fractures by Cannulated Screw Fixating.”

Despite its frequent use, studies have never investigated the reliability of a classifica-
tion, 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.

Figure 1

Pauwels classification

METHODS

We randomly selected 100 anterior-posterior (AP) and lateral view preoperative radio-
graphs 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 Nether-
lands. The quality of all radiographs was representative and initial decision on treatment
had been made based on these radiographs.

The observers’ group consisted of five trauma surgeons and five surgical residents
with special interest for orthopaedic trauma from two different medical centres in
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Europe. (Medisch Centrum Haaglanden, The Hague, The Netherlands and the Kardinal

Schwarzenberg'sches Krankenhaus, 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 assessment. They were asked to classify

the 100 fractures independently according to the Pauwels classification. All participants

were already familiar with the classification and each questionnaire was provided with

an overview of the three different types of fractures.

The following definitions were used (Figure 1): '3

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

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

- Type lll: 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 statistical 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.* 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.’

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 k0.31
(0.01) for all observers, k 0.38 (0.04) for the surgeons and k 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 (k0.31). 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 litera-
ture. No other study has investigated the inter-observer variability of the classification
as tool in preoperative planning before.

Studies did investigate the value of the Pauwels angle in predicting the likelihood of
non-union and showed variable results.
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It was suggested that an increase in the fracture line angle is associated with an increase
of the incidence in non- or malunion.®'? Parker and Dynan'?investigated the predictive
value of the 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
studies'> "’ did not show an increase of the incidence of non- or malunion either. Parker'
did show a significant association between the Pauwels angle and the Garden classifica-
tion. He also implies that a more horizontal fracture line would increase the likelihood
of fracture impaction and successful non-operative treatment of the Garden | 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 clas-
sification.

Another clinical difficulty is, as mentioned by Bartoniceck’, the frequent misinterpreta-
tion 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 reduction'®. 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
unreliable with a low interobserver agreement and therefore its use should be avoided.
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ABSTRACT

Aim

The clinical relevance of classification for trochanteric fractures is limited and little
agreement exists on what type of implant should be used. It is unknown whether more
advanced radio-diagnostics, such as CT, result in better agreement on the treatment. We
assessed the effect of CT on agreement of classification and subsequent treatment for
trochanteric fractures.

Methods

Eleven observers (5 radiologists, 4 trauma surgeons and 2 orthopaedic residents) as-
sessed 30 radiographs and CTs of trochanteric fractures. Each rating included an assess-
ment according to the AO-classification, Jensen classification and of the preferred type
of implant. The inter-observer agreement of the AO-classification, Jensen classification
and on the choice of implant was calculated.

Results

The inter-observer agreement was k0.70 (SE 0.03) for radiographic assessment of the
main groups of the AO-classification and k0.68 (SE 0.03) for CT assessment. The agree-
ment on choice of implant was k0.63 (SE 0.05) if the choice was made with radiographs
and k0.69 (SE 0.05) with CTs. Six out of the 13 fractures were classified differently after
assessment of the CT. Most corrections in choice of implant occurred for the assessment
of A3 fractures.

Conclusions

This study confirmed that trochanteric fractures can be reliably classified on both radio-
graphs and CT, according to the main groups of the AO-classification. The implementa-
tion of CT for trochanteric fractures does not lead to higher agreement on fracture clas-
sification or choice of treatment. Therefore, the clinical relevance of CT for classification
of trochanteric fractures seems low. For specific subgroups such as A3 fractures, CT may
be of value for adequate fracture classification and subsequent treatment strategies.
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INTRODUCTION

A valid fracture classification system serves as an aid in treatment plan decision mak-
ing. However, choices in treatment are difficult to make when classification systems are
unreliable, leading to disagreement between clinicians on fracture type and possible
treatment strategies. Explanations postulated for low reliability of fracture classification
include ambiguous classification descriptions and difficulties in interpreting plain radio-
graphs. The relevance of classification systems of trochanteric fractures for determina-
tion of preferred type of fracture fixation is low, since little agreement in literature exists
on what type of implant to use for the stable and unstable fractures."?

The value of computed tomography (CT) for fracture classification has been studied
for different types of complicated fracture patterns, such as tibial plateau fractures. CT
proved to increase the agreement of surgeons on treatment plan® and CT is generally
believed to lead to better understanding of the fracture pattern, resulting in improved
pre-operative planning and is therefore most likely to ameliorate clinical outcome.*®

In this study, we evaluated and compared the reliability of classification of trochanteric
fractures, assessed on both radiographs and CT. We also evaluated the agreement of
clinicians on the treatment plan after assessment of these fractures on radiographs and
CT.

MATERIAL AND METHODS

Thirty consecutive patients with a fracture in the trochanteric region were prospectively
included in a teaching hospital in the period between January 2010 and February 2011.
After the patient had signed the informed consent, a standard AP and lateral radiograph
and additional CT were performed, according to a standard scanning-protocol of the
fractured hip. Patients with a pathological fracture or subtrochanteric extension were
excluded.

Four trauma surgeons, 5 radiologists and 2 surgical residents with special interest in
orthopaedic trauma were asked to classify these 30 AP- and lateral radiographs and 30
CT-scans.

The observers were asked to classify the fractures both according to the Jensen modi-
fication of the Evans’ classification’ and the 31-AO/ASIF classification.® (Figure 1) The
assessments of the 31-AO/ASIF classification were used to extract the data of the AO-
main group classification (fracture types A1, A2 and A3). All observers were familiar with
both classifications. During classification sessions, an example of the classifications with
a diagram of the different types of fractures was shown on each questionnaire.
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31-A1.1 31-A12 31-A1.3

31-A21 31-A2.2 31-A2.3

31-A3.1 31-A3.2 31-A3.3

Figure 1

The AO/ASIF classification for trochanteric femur fractures

¥ &P @E

Type 1 Type 2 Type 3 Type 4 Type 5

Figure 2

Jensen modification of the Evans classification
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The Jensen modification of the Evans’ classification (Figure 2) consists of six subtypes:
type 1: undisplaced 2-part fracture, type 2: displaced 2-part fracture, type 3: 3-part
fracture without posterolateral support due to dislocated of the greater trochanter
fragment, type 4: 3-part fracture without medial support due to a dislocated lesser tro-
chanter fragment and type 5: 4-part fracture without posterolateral and medial support.
The reversed type of fracture, type R, was included.

The observers were allowed as much time for accurate assessment as needed. They were
not allowed to discuss their findings with others. Only the surgeons and residents were
asked for their proposed treatment plan after assessing the radiographs and CT-scans.
They could choose between the most commonly used implants: the extramedullary
implant dynamic hip screw (DHS) and the intramedullary implants: Gamma-nail/ PFNa
or long Gamma-nail/PFNa. No additional information was given or asked.

Statistical analysis was performed by calculating the Cohen kappa value using SPSS 18.0
statistical software for intra-observer reliability. In order to calculate an unweighted
multi-rater kappa for the inter-observer agreement a SPSS syntax using the statistical
method of Fleiss’ was used.” The number of patients to be included was estimated ac-
cording to Shoukri."

We interpreted the kappa value coefficient according to the guidelines proposed by
Landis and Koch: 0.00 to 0.20 poor 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."'

The local ethical review board was consulted and approved our study according to their
guidelines.

RESULTS

Thirty patients were included with a mean age of 78 years (SD 13.0). Eleven patients
were male (37%).

In Table 1 the results of the inter-observer agreement of the AO-main group classifica-
tion, and the Jensen classification are presented. AO-main group score a K-value of 0.70
(SE 0.03) for radiographs and 0.68 (SE 0.03) for CT, whereas the AO-classification includ-
ing all subgroups had a kappa value of 0.34 (SE 0.02) and 0.27 (SE 0.02) and the Jensen
classification had a kappa value for radiographs of 0.32 (SE 0.02) and 0.24 (SE 0.02) for
CT. InTable 2 the results of the intra-observer agreement for the AO-main groups deter-
mined on radiographs and CT-scans are presented. The mean intra-observer agreement
of the observers for the classification of the same fractures on radiograph and on CT was
K0.76 (SD 0.8).
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Table 1

Inter-observer agreement

Radiographs cT
Kappa 95-Cl Kappa 95-Cl
AO-main groups (A1-A2-A3)
All 0.70 [0.64-0.76] 0.68 [0.62-0.74]
Radiologists 0.61 [0.49-0.76] 0.55 [0.42-0.68]
Surgeons 0.76 [0.67 - 0.85] 0.77 [0.67 - 0.87]
Jensen
All 0.32 [0.29-0.35] 0.24 [0.21-0.27]
Radiologists 0.41 [0.34 - 0.48] 0.25 [0.17-0.33]
Surgeons 0.31 [0.26 - 0.36] 0.26 [0.21-0.31]
Table 2
Intra-observer agreement for the AO-main groups on radiographs and CT scans.
AO-main groups (A1-A2-A3) Intra-observer kappa (SE)
Observer Radiograph vs. CT
1 radiologist 0.77 0.11)
2 radiologist 0.80 0.11)
3 radiologist 0.76 0.11)
4 radiologist 0.70 (0.12)
5 radiologist 0.67 (0.13)
6 trauma surgeon 0.94 (0.06)
7 trauma surgeon 0.76 (0.11)
8 trauma surgeon 0.86 (0.09)
9 trauma surgeon 0.69 (0.12)
10 resident 0.71 0.11)
11 resident 0.69 (0.12)
Table 3
AO-main group ratings based on review of fracture radiographs and CT scans.
AO-main group clasification on CT-scan
Al A2 A3 Total

AO-main group classification A1 75 10 0 85
on radiographs A2 5 76 1 82

A3 3 3 7 13

Total 83 89 8 180
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Table 4
Non-corresponding ratings

This Table shows the ratings that did not correspondent: the classification of the fractures that were re-
viewed by radiograph did not match the fracture classification based on the CT images. It concerns 11
different fractures. Furthermore, type of implant suggested by the observers is itemized.

Rating Fracture  Observer Radiograph  CT Radiograph c
AO-main group classification Choice of implant

1 1 E R A3 A2 long IM-implant  IM-implant

2 2 E R A3 A2 IM-implant IM-implant

3 3 B TS Al A2 DHS IM-implant

4 3 c TS Al A2 DHS IM-implant

5 3 D TS Al A2 DHS IM-implant

6 4 F R A2 A3 long IM-implant  IM-implant

7 5 B TS Al A2 DHS DHS

8 5 D TS Al A2 DHS DHS

9 6 B TS A2 Al IM-implant DHS

10 6 D TS A2 Al IM-implant DHS

11 6 E R A2 Al IM-implant DHS

12 6 F R A2 Al IM-implant DHS

13 7 E R A3 A2 long IM-implant  IM-implant

14 8 c TS Al A2 DHS DHS

15 8 D TS Al A2 DHS IM-implant

16 8 F R Al A2 IM-implant IM-implant

17 9 A TS Al A2 DHS long IM-implant

18 10 E R Al A2 DHS DHS

19 10 F R A2 Al IM-implant DHS

20 1 B TS A3 Al IM-implant DHS

21 1 D TS A3 Al IM-implant IM-implant

22 11 B TS A3 Al IM-implant DHS

R (Resident); TS (Trauma Surgeon); Observer A to F, the different observers
DHS: dynamic hip screw IM:intramedullary implant

In Table 3 the plain radiograph and CT corresponding and non-corresponding numbers
of fractures, classified according to the AO classification, are presented in a crosstab.
Six out of the 13 fractures were classified differently after assessment of the CT. Table 4
shows the 22 cases in which the plain radiograph ratings for fracture classification and
treatment were adjusted, after reviewing the same fracture on CT. Proportionally, most
corrections in choice of implant occurred for the assessment of A3 fractures. Different
fracture classifications resulted in a different choice of implant in 18 out of the 22 ratings.
The clinicians showed an inter-observer agreement on the choice of implant of k0.62 (SE
0.05) if radiographs were used for assessment. The agreement based on CT assessment
was K0.69 (SE 0.05). Table 5 shows different ratings of the proposed fracture fixations in
regard to the proposed AO-fracture classification.
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Table 5

Radiograph and CT based AO-fracture classification vs. choice of implant

Implant
DHS Y-nail or Long Y-nail or PFN Total
PFN
AO-main group A1 82 3 0 85
classification
Radiographs A2 1 70 11 82
A3 1 6 6 13
Total 84 79 17 180
Implant
DHS Y-nail or Long Y-nail or PFN Total
PFN
AO-main group A1 79 4 0 83
classification
T A2 7 75 7 89
A3 0 4 4 8
Total 86 83 1 180
DISCUSSION

As the number of hip fracture patients substantially increases over the years, the need
for optimal fracture treatment becomes even more important. An increase of agreement
on fracture classification and treatment, by surgeons and in literature might lead to an
improvement of hip fracture treatment.

Itis generally accepted that CT improves the understanding of complex or intra-articular
fracture patterns.® In other common osteoporotic fractures such as the distal radial
fracture it was demonstrated that an increase of information gained by CT or 3D CT led
to an increase in the quality of preoperative planning.'*

Because the majority of trochanteric fractures cannot be considered simple fractures re-
quiring standard diagnostic work-up and treatment, this study was designed to evaluate
whether preoperative CT increases agreement of fracture classification and improved
consensus on the choice of fracture fixation for trochanteric fractures.

In our study the agreement on fracture type according to three classifications were
compared after an assessment by radiograph and CT. The 31-AO-main group classifica-
tion showed to be the most reliable classification, with a‘substantial’ agreement. All ob-
servers showed an intra-observer k> 0.65 agreement, which shows that no substantial
difference exists between assessment of a trochanteric fracture on radiograph or CT, if
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classified according to the AO-main group classification. These results were similar to

those found by Chapman et al™

, who also investigated the classification of trochanteric
fractures.

Agreement on type of fracture fixation device showed ‘substantial’ agreement. To date,
in literature, trochanteric fracture classification did not influence implant choice, as it
remains unclear, especially in the unstable fracture types, what implant is best to use
for different type of trochanteric fractures. Currently, sliding hip screw devices are most
commonly used for the stable fractures such as the type A1 fractures and intramedullary
devices are most commonly used for A3 fractures. The optimal treatment device for the
A2 fractures still is topic of debate.” Recent studies have showed some advantages of
the more expensive intramedullary nails although most of these studies did not analyse
for the separate fracture subtypes.'® "’

In this study we have decided to simply ask the trauma surgeons and residents what
implant they would use based on the fracture they had classified on the radiograph or
CT. Our results show that these observers did change their choice of implant depending
on whether the fracture was assessed on a radiograph or CT. In most of the cases where
the classification of the fracture was changed by the residents and surgeons, this also
resulted in a different choice of osteosynthesis (Table 4). Additional information on the
fracture pattern and subsequent classification therefor proves to be of majorimportance
for the specific choice of treatment.

Our study also shows that most clinicians consistently propose their implants according
to the AO classification. In the majority of the cases, type A1 fractures would be treated
with a DHS, type A2 fractures with IM-nailing and a type A3 fracture by regular or long
IM-nail depending on the distal extension of the fracture. This classification therefore
does what it should do: it has a reasonably high agreement on fracture classification
among clinicians and predicts treatment in an acceptable manner. For future studies
investigating the subject of trochanteric fracture treatment, we recommend to incorpo-
rate this relative reliable fracture classification.

Our results are supported by the findings of Palm et al."® "> who describe in their paper
the reliable use of treatment algorithms for hip fracture treatment. By accepting and
using a universal treatment algorithm we might improve the applicability of studies
regarding hip fracture treatment and improve the quality of care for this very common
severe fracture.

As shown in the results, classification of the complex A3 fractures is more challenging.
In previous studies the AO 31-A3 fracture has proven to be a different type of fracture as
compared to the type AT and A2, in terms of mechanical stability.”*' For instance, treat-
ment of A3 fractures with extramedullary implants may lead to high rates of fixation
failure as the hip screw does not cross the primary fracture line and forces that result in
varus cannot be withheld by these implants.?>*' Although our data suggests no general
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advantages of preoperative CT scan for trochanteric fractures, an additional CT scan for
the more complex A3 fractures might be of value, as these seem to be more difficult to
classify and determine the choice ofimplant (Table 4): most alterations of implant chosen
for treatment were made for A3 fractures. The A3 fracture suffers from higher complica-
tion rates up to 32%, mostly non-union or fixation failure.”**' Performing a preoperative
CT scan in order to gain information on fracture features such fracture line properties
and amount of communition, could lead to improved preoperative planning and reduce
the chance of malreduction, which is believed to be a major cause of fixation failure
in these fractures.> ' Shen et al** assessed the influence of a preoperative CT study
present during operation, on the length of operative procedure and demonstrated that
a preoperative CT resulted in shorter operating times for intramedullary nailing for hip
fractures. There was no additional value of performing a preoperative CT if extramedul-
lary fixation was performed. This was explained by the presence of maximal surgical
exposure if extramedullary fixation was performed, undoing the effect of the CT. In the
A3 fractures, predominantly treated by intramedullary nailing, preoperative planning
using a CT could therefore be of value.

One of the limitations of this study is, that we have shown the observers the radiographs
and the CT images separately and not as combined sets of radiodiagnostic images.
We therefore did not truly investigate the clinical additional value of a CT-scan after a
standard radiograph, which might for future studies be the more realistic clinical situ-
ation. Furthermore, the surgeons’ or residents’ reasons for choosing a specific type of
osteosynthesis were not specified nor documented in this study.

To conclude, the classification of trochanteric fractures on radiographs according to
the AO-main groups is reliable: it has a reasonably high agreement among clinicians
and it predicts treatment in an acceptable manner. In general for trochanteric fractures,
there seems to be no increase of reliability if additional CT is used and CT scan of the
fracture does not lead to better agreement on choice of implant. The clinicians in this
study showed good agreement and are consistent regarding the fracture classification
according to the AO-main groups and choice of implant, except for the more complex
A3 trochanteric fractures. For this specific group of challenging fractures an additional
CT may be of value for adequate fracture classification and subsequent treatment strate-
gies.
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ABSTRACT

The aim of this study was to quantify the stability of fracture-implant complex in frac-
tures after fixation. A total of 15 patients with an undisplaced fracture of the femoral
neck, treated with either a dynamic hip screw or three cannulated hip screws, and 16
patients with an AO31-A2 trochanteric fracture treated with a dynamic hip screw or
a Gamma Nail, were included. Radiostereometric analysis was used at six weeks, four
months and 12 months post-operatively to evaluate shortening and rotation.
Migration could be assessed in ten patients with a fracture of the femoral neck and seven
with a trochanteric fracture. By four months post-operatively, a mean shortening of 5.4
mm (-0.04 to 16.1) had occurred in the fracture of the femoral neck group and 5.0 mm
(-0.13 to 12.9) in the trochanteric fracture group. A wide range of rotation occurred in
both types of fracture. Right-sided trochanteric fractures seem more rotationally stable
than left-sided fractures.

This prospective study shows that migration at the fracture site occurs continuously
during the first four post-operative months, after which stabilisation occurs. This infor-
mation may allow the early recognition of patients at risk of failure of fixation.
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INTRODUCTION

Undisplaced intracapsular fractures of the hip are often treated with either a sliding
hip screw such as a Dynamic Hip Screw (DHS, DePuy Synthes, Oberdorf, Switzerland) or
three cannulated screws (CS, DePuy Synthes). Extracapsular proximal femoral fractures
or trochanteric fractures are most commonly treated with an extramedullary sliding
hip screw device or an intramedullary (IM) nail, such as the Gamma Nail (GN, Gamma3
Trochanteric Nail 180, Stryker, Kiel, Germany). All these types of implants are associated
with fixation-related complications, such as cut-out of the implant and delayed union.
Fixation-related complications are reported in up to 30% of proximal femoral fractures.
Complication rates vary depending on the type of fracture and the choice of treatment:
12% in undisplaced' and up to 30% in displaced fractures of the femoral neck. In tro-
chanteric fractures, failure of fixation is reported in between 2% and 20%* of patients,
and the incidence of fracture-related complications in transverse or reversed oblique
trochanteric fractures (31-A3)° is 30% to 32%.%” Many of these complications relate to
the biomechanical characteristics of both the fracture and the fixation device, and to
the quality of the reduction and fixation.®'° Rotational instability of the fracture-implant
complex is thought to be a significant cause of failure of fixation and may be a key
predictor of the most common fixation-related complications.'" However, the extent of
rotational instability in hip fractures treated with modern implants has not been previ-
ously investigated in detail.

Rotational stability is difficult to assess using standard imaging techniques. However,
movement between the fracture fragments can be accurately measured by radioste-
reometric analysis (RSA).'” Therefore, the aim of this study was to use RSA to quantify
the movement of proximal femoral fracture fragments after fixation with the most com-
monly used methods of osteosynthesis (GN, DHS and CS).

PATIENTS AND METHODS

Between April 2010 and April 2012, all patients aged over 60 years who were admitted
to Leiden University Medical Center’s departments of trauma and orthopaedic surgery
with either an AO 31-B15 fracture of the femoral neck (Garden'® grade 1 or 2, undisplaced
intracapsular fracture) or an AO 31-A2 trochanteric fracture planned for osteosynthesis,
were enrolled after providing written informed consent. Patients with severe arthritis of
the involved hip, a pathological fracture, pre-existent immobility, or those who could
not be reviewed post-operatively, were excluded. The study had approval from the local
ethics committee of the Leiden University Medical Center.
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Figure 1

Diagram showing patient positioning in radiostereometric analysis (RSA) set-up. The RSA set-up consists
of two synchronised x-ray tubes (A) and a calibration box (B). The x-ray films are positioned underneath
this box (C). The hip is positioned at the intersection of the x-ray beams, so that a stereo image is created.

All operations were performed by or under the direct supervision of an orthopaedic or
trauma surgeon within two days of admission. Patients with a fracture of the femoral
neck were randomly assigned to treatment with either a DHS or CS. Those with a tro-
chanteric fracture were randomly assigned to treatment with either a DHS or a GN.
Intra-operatively, after or during placement of the fixation device, between three and six
spherical tantalum markers (1 mm diameter, Wennbergs Finmek AB, Gunnilse, Sweden)
were inserted into each fragment at the medial and lateral side of the main fracture
line, surrounding the implant. Micromotion of the fracture fragments along the three
orthogonal axes (i.e., X, Y and Z) was tracked post-operatively. RSA radiographs were
obtained within the first one to two days (T = 1), at six weeks (T = 2) (after full weight-
bearing mobilisation was achieved), four months (T = 3) and one year post-operatively
(T = 4). Figure 1 shows the positioning of the patient in an RSA setup.

Statistical analysis

The RSA images were analysed with Model-based RSA software (version 3.34; RSAcore,
Department. of Orthopaedics, LUMC, Leiden, The Netherlands) by a trained technician.
Migration was calculated using the largest fracture fragment marker set possible (mean
error of rigid-body fitting (ME) max 0.5 mm; condition number (CN) below 150 m-1)."
The ME is a measure to assess the stability over time of markers in the rigid body, and
the CN is a calculated number used to assess the distribution of markers in the rigid
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Figure 2

Radiostereometric analysis radiograph presenting head and shaft markers (red dots). The black lines are
created by the computer program in order to correlate the markers with a second radiograph (not present-
ed). The yellow and green markers in this radiograph are box markers. These are used, together with the
second radiograph, which is taken simultaneously but from another angle, to calculate three-dimensional
(3D) micromotion of the markers and the 3D orientation of the cylindrical model (M) that represents the
position of the proximal cannulated screw.

Figure 3

Schematic view of the migration model based on an implant head screw. CRy: rotation about y-axis; Cy:
shortening along the y-axis.
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body."” Measurements were made of translations along and rotations around the or-
thogonal axes. The axial system in which the migration is expressed was orientated such
that the Y-axis was aligned with the longitudinal axis of the fixation material (i.e., parallel
to the screw of the DHS/GN or to the most proximal CS) (Figure 2). The origin of this
co-ordinate system was positioned in the centre of gravity of the markers in the femoral
head. The migration calculations are given as translations and rotations of the femoral
head with respect to the femoral shaft, using the immediate post-operative (T = 1) RSA
acquisition as the baseline. This results in data representing rotation (CRy) and fracture
shortening or collapse (Cy) (Figure 3).

Left-sided hips were transformed to right-sided in order to analyse the results as one
group."? Descriptive statistics were used to present the results. Due to the limited sample

size, formal group comparisons were not feasible.

RESULTS

In total, 31 patients were included: 15 consecutive patients with an undisplaced fracture
of the femoral neck were treated with a DHS (n = 6) or a CS (n = 9), and 16 consecutive
patients with a trochanteric fracture were treated with a DHS (n = 10) or a GN (n = 6)
(Figure 4).

In those with an undisplaced fracture of the femoral neck, ten patients (3 DHS, 7 CS) had
adequate RSA data for final analysis. Three (1 DHS and 2 CS) did not have sufficient mark-
ers to calculate rotation or shortening at the fracture site, mostly caused by absence of
adequately positioned medial markers. Two patients (both DHS) only had post-operative
RSA data and were lost to follow-up. Both withdrew from the study as they were unable
to visit the hospital.

In those with a trochanteric fracture, seven (4 DHS, 3 GN) had adequate RSA data for
analysis. In six patients, the markers in the fracture fragments were not sufficiently stable
for the accurate analysis of migration (ME > 0.35 mm)."> Two patients treated with a GN
and one treated with a DHS had only one post-operative RSA examination and all three
withdrew as they were unable to visit the hospital. The baseline characteristics of those
with complete follow-up data are presented in Table 1.

In undisplaced fractures of the femoral neck, both CRy and Cy remain stable after an
initial migration up to the four month follow-up. The mean CRy at four months was 5.5°
(-3.6° to 14.0°). Although not statistically tested due to the small sample size, there did
not seem to be obvious rotational differences between those treated with CS and DHS.
A wide range of rotation, between -28.2° and 11.6° in the first four months (Table 2),
was mainly caused by patient 6 (-28.2°) (Figure 5). This patient died six weeks post-
operatively.
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n=15 n=16
AO 31-B1 AO 31-A2
non-displaced trochanteric fracture

intracapsular fracture

n=10DHS

n =6 Gamma nail

- n =3 no markers inserted

- n =3 could not be analysed
1 due to technical reasons

- n =3 lost to follow-up after
first post-operative radiograph

-n =3 could not be analysed
due to technical reasons

- n =2 lost to follow-up after
first post-operative radiograph

n=10 n=7
could be analysed could be analysed

n=3
Gamma nail

Overview of the included and analysed patients with proximal femoral hip fractures

Figure 4

Table 1

Patient characteristics

Type of fracture
Femoral neck Trochanteric
N=10 N=7
Mean age (range) in years 72 (62-88) 79 (63-92)
Sex (f/m) 6/4 5/2
Complications 1* R
Mortality 1 0
RSA radiographs
6 weeks 10 7
4 months 7 4
1 year 5 6

*delayed union and AVN reoperation after 6 months
**superficial wound infection
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Table 2

Rotation and shortening This table presents the results of the rotation (CRy) and fracture shortening or col-
laps (Cy) as presented in Figure 3.

Time Time Time
Parameter 6 weeks 4 months 1year
Femoral neck fractures N=10 N=7 N=5
Rotation (CRy)
degree Mean (S.D.) 0.1 (10.9) 5.5(6.1) 34(3.5)
Minimum-maximum -282-11.6 -3.6-14.0 -0.6-7.2
Shortening (Cy)
mm Mean (S.D.) 5.3(4.5) 5.4(5.8) 4.7 (3.4)
Minimum-maximum 0.05-13.7 -0.04-16.1 0.8-7.7
Time Time Time
Parameter 6 weeks 4 months 1year
Trochanteric fractures N=7 N=4 N=6
Rotation (CRy)
degree Mean (S.D.) -4.7 (13.1) -10.6 (15.8) -6.6(12.2)
Minimum-maximum -26.1-10.7 -28.1-6.1 -25.7-55
Shortening (Cy)
mm Mean (S.D.) 44 (3.9) 5.0(6.0) 4.4 (5.0)
Minimum-maximum 0.26-10.7 -0.13-129 -03-134

The mean shortening (Cy) in undisplaced fractures of the femoral neck at four months
was 5.4 mm (-0.04 to 16.1). The mean rotation (Cry) in trochanteric fractures was 10.6°
(-28.1° to 6.1°) at four months (Table 2). The mean shortening after four months was 5.0
mm (-0.13 to 12.9). Fractures treated with a DHS (n = 4) had a mean shortening 7.1 mm
(4.6 to 10.7) after six weeks. Those treated with a GN (n = 3) had a mean shortening of
0.7 mm (0.3 to 1.3).

Figure 6a illustrates the migration profiles in trochanteric fractures; and there was a
difference in rotational stability between right- and left-sided fractures (Figure 6b). For
shortening in the fractures of the femoral neck, no differences between the sides were
seen.

One patient (P1 in Figure 5) in the undisplaced fracture of the femoral neck group had
delayed union and osteonecrosis (ON) of the femoral head that led to re-operation after
5.5 months. This patient had the most shortening compared with the other patients
after both six weeks and four months and had rotation of the femoral head of > 10°
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Figure 5

Graphs showing the migration profile of AO 31-B1 fractures of the femoral neck after fixation with cannu-
lated screws or a dynamic hip screw. Treated with a DHS (*): P5, P7, P10. Treated with CS: P1, P2, P3, P4, P6,
P8, P9. Patients P5, P6 and P7 only had two follow-up scans. P3 had one extra follow-up scan.



90 | Chapter7

a
CRy: rotation
15
10 s P7*
4 P3
pP1*
— 0
6 8 10 12
—_ P4*
3
v
g
é-'?-w !
e
& 15
——© P5
20 -
N
-30
-35
Follow up (Months)
Cy: shortening
16
14
—O PG
12 /ﬁ
10
£ s PT*
£
g 6 -
/ p4*
P1*
4 —
2 a P2
e "~
0 o — - * P3
Q 2 4 6 8 10 12
-2
Follow up (Months)
e P1¥ D) etemP3 et PA¥ PS5 emCmmPGF e PT7F
Figure 6° and Figure 6°

Graphs showing: a) the migration profile of AO 31-A2 trochanteric fracture after fracture fixation with DSH
or Gamma Nail (GN). Treated with a DHS(*): P1, P4, P6 and P7. Treated with a GN: P2, P3 and P5. P7 only had
two follow-up scans; and b) rotation of right-sided and left sided trochanteric fractures. Treated with a DHS
(*): P1, P4, P6 and P7. Treated with a GN: P2, P3 and P5. P7 only had two follow-up scans.
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after six weeks. In another patient with a fracture of the femoral neck, it was suspected
that two of the markers migrated into the articular cartilage of the hip but data from
this patient could not be analysed for technical reasons. This patient had no symptoms
related to this finding. In the trochanteric fracture group, one patient had a superficial
wound infection. No other complications were encountered.

DISCUSSION

This is the first time that RSA migration profiles, including measurements of rotational
stability and shortening, have been presented in patients with a fracture of the hip
treated with the most commonly used modes of osteosynthesis. We found considerable
rotational and axial instability in both undisplaced fractures of the femoral neck and
AO-31 A2 trochanteric fractures treated in this way.

Our findings are relevant as rotation of the femoral head is believed to facilitate cut-out
of the implant, as shown by Lustenberger et al."' Their assumption was supported by
Baumgartner et al," who showed the importance of optimal placement of the screw in
the femoral head and emphasised the use of the tip-apex-distance (TAD). They showed
that a TAD of > 20 mm to 25 mm predisposes to cut-out of the implant, which probably
starts by rotation of the head around the screw.

The biomechanical aspects of rotational stability have been the subject of research and
debate for many years, especially in patients with a trochanteric fracture.*'" Two separate
types of rotation may occur: rotation of the screw with the medial fragment in respect
to the lateral fragment, or rotation of the medial fragment around the hip screw of the
DHS or the GN. In this study, we could not differentiate between these types of rotation.
However, both the DHS and the GN, together with many other implants, have some
form of anti-rotational mechanism that prevents rotation of the screw in the implant.
In these implants, only rotation of the medial fragment around the hip screw can occur.
We may therefore provisionally deduce that rotation of the medial fragment in a 31-A2
trochanteric fracture as measured in our study results from rotation of the fragment
around the hip screw. This highlights the importance of the use of hip screws designed
to prevent the rotation. Additionally, the anti-rotational effect of cement augmentation
could be considered.""’

A remarkable finding in the results of this study was the difference in rotational stabil-
ity of left and right-sided trochanteric fractures. No differences were found in the un-
displaced fractures of the femoral neck as these were mainly treated with CSs. Mohan
et al'® described a higher rate of potentially unstable fixation in left-sided trochanteric
fractures and explained this finding by the clockwise torque in the screw of the DHS. In
unstable right sided-fractures the clockwise torque causes compression of the proximal
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fragment into the distal fragment. In left-sided fractures the buttress of the anterior
spike (proximal fragment) does not occur, resulting in a potentially unstable fixation.
Also, soft-tissue restraints such as the iliofemoral ligament will be tightened in right-
sided trochanteric fractures due to the right-sided torque, which may result in increased
tension of soft-tissue and subsequently less displacement of the fracture. Significantly
higher complication rates of left-sided fractures have not been reported in clinical trials,
therefore the extent of the relevance in daily clinical practice, is currently not known.
Shortening could be a sign of prolonged micromotion within a fracture, a first sign of
nonunion or ON, or could be a predictor of cut-out of an implant.'® The overall results
of our study show a limited mean shortening (Table 2). (After four months: undisplaced
fractures of the femoral neck 5.4 mm; -0.04 to 16.1 and trochanteric fractures 5.0 mm;
-0.13 to 12.9). The only patient in this study suffering from delayed union and subse-
quent re-operation had a maximum shortening of 16 mm after four months, which was
the highest value of all the patients. This patient also had a large amount of rotation
compared with other patients. The other patient with a similar migration profile died six
weeks post-operatively. Although no statistical conclusions can be drawn, it may be that
a high migration profile in the first six to 16 weeks after fixation may indicate actual or
future problems with the healing of the fracture.

For both migration parameters, shortening and rotation, a clear trend was displayed:
regardless of the type of fracture or fixation, most migration happened within the first
four months after operation, and primarily in the first six weeks. These results suggest
that stabilisation of the fracture caused by consolidation starts after six weeks and will
be completed for most patients within four months. Most fractures with uncomplicated
healing show this same limited course of shortening and rotation. These findings are
in-line with the assumption that continuous shortening after three months is a sign of
nonunion.'® Migration profiles, therefore, may help identify those at high risk for failure
of fixation.

A study group has previously used RSA for the assessment of fractures of the hip, mainly
displaced fracture of the femoral neck.”* In one of their studies, three undisplaced
fractures of the femoral neck were treated with two cannulated screws and, similar to
our findings, limited rotation was seen.” Despite the fact that the older studies mainly
concerned displaced fractures of the femoral neck treated with hook-pin fixation or
two cannulated screws, the pattern of migration were similar to that illustrated in
Figures 5 and 6, with signs of stabilisation of the fracture after three to four months.
The technique of RSA has evolved in the last 20 years as digital radiography and soft-
ware improvements have led to more accurate calculation of rotational stability and
results which are easier to interpret. In most previous studies, calculation of rotation
was performed in the three orthogonal axes, which are difficult to interpret for clinical

19, 20

purposes, whereas the results of this study are expressed as translations and rota-
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tions in an orthogonal axial system aligned with the longitudinal axis of the fixation
device. Thus, these results can be interpreted as migration of the fracture with respect
to the fixation device and other fracture fragments.

No double examinations were acquired to determine the precision of the RSA set-up in
this study. The precision of the translational/rotational tracking of a tibial prosthesis us-
ing marker-based RSA measurements with the model-based RSA software and the same
patient set-up in the same hospital was reported to be 0.083 mm for translations and <
0.25° for rotations.” The use of RSA in fractures is less accurate than in vitro measure-
ments or when used for arthroplasties. In the study of Ragnarsson et al* regarding hip
fractures, translations of 0.5 (X), 0.4 (Y) and T mm (Z) and rotation of 1.2°(X), 1.4° (Y) and
0.5° (Z) were considered significant.

The limitations of this study concern technical and logistical issues. We encountered
some technical problems regarding the use of RSA in hip fracture surgery compared
with its use in arthroplasty surgery: the implantation of markers in the different fracture
fragments proved to be challenging due to limited access. Although RSA is a proven
technique with high accuracy®, the markers are less stable in fracture surgery. This may
be due to the fact that it is more difficult to place the markers satisfactorily combined
with micromotion of the fracture fragments and the low bone mineral density in the
older patients who sustain these fractures. These problems resulted in fewer RSA acqui-
sitions than anticipated being available for analysis. We also lost patients to follow-up,
mostly because of the burden of their age, a well-known problem in studies of elderly
patients with fractures of the hip. As many of these operations are undertaken as an
emergency, some patients were not included due to unfamiliarity with placement of
RSA markers. This is an extra challenge for RSA studies in fracture surgery compared
with elective surgery. As a result the sample size of both groups was too small to draw
statistical conclusions regarding migration profiles. Moreover, no reliable statements
can be made concerning the different types of implant based on these data.

Despite these limitations, the data presented in this study are valuable for understand-
ing the biomechanics of hip fracture surgery and will be helpful in the design of future
studies, especially considering that these migration profiles concerned only stable
fractures. More pronounced differences in migration will probably be found when stud-
ies compare unstable fractures. The results may be used to develop a predictive rule
for poor outcome after surgery. For joint arthroplasty surgery, RSA studies have been
performed successfully and will help to define quality rules for hip arthroplasty surgery
in the future.

In conclusion, the RSA migration profiles showed that there is substantial translational
instability in both un-displaced fractures of the femoral neck and AO-31 A2 trochanteric
fractures treated with the most commonly used implants in the first four months after
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operation. Left-sided trochanteric fractures treated by DHS or intramedullary fixation,
seem to be more rotationally unstable than right-sided fractures. Since rotation is most
probably due to rotation of the medial fragment around the hip screw(s), systems which
prevent rotation, or cement augmentation of the hip screw, may be valuable in elderly
patients who sustain a fracture of the hip. Future research using RSA in patients who sus-
tain a fracture of the hip may help develop risk profiles for adverse outcome and quality
control to identify optimal reduction of the fracture and positioning of the implants.
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ABSTRACT

Aim

Fixation related complications of displaced femoral neck fractures treated by internal
fixation are accompanied by high mortality and morbidity. The aim of this study is to
investigate the pre- and postoperative radiographic fracture characteristics in relation
to patient age and the occurrence of reoperation caused by fixation failure.

Methods

The preoperative radiographs of all patients presenting with a proximal femur fracture
between January 2004 and December 2012 were retrospectively assessed for fracture
type and dislocation (AP and lateral view). Patients with a displaced femoral neck frac-
ture treated by closed reduction and internal fixation were included. The postoperative
radiographs were assessed on adequate fracture reduction and correct position of the
implant. Patient characteristics and outcome in terms of occurrence of fixation failure
(implant break out, non-union) and reoperation rate were recorded.

Results

Hundred-and-forty-nine patients were admitted with a displaced femoral neck fracture
and treated by internal fixation. Fixation failure was seen in 34 (23%) patients, 9 patients
suffered from osteonecrosis. In total, 37 (25%) patients underwent reoperation caused
by fixation related complications. Taking the different age categories into account 44%
of the patients over 75 years suffered fixation failure, compared with 17% of the pa-
tients under 65 years. Postoperative incorrect reduction, with persisting dorso-ventral
dislocation and/or lack of medial support resulted in reoperation in 37% of the patients,
compared to 19% reoperations in patients with adequate reduction.

Conclusion

The results of this study show that patient age and fracture reduction are important
predictors for reoperation. In the preoperative treatment plan, patient age should be
taken into account and surgeons should strive for anatomical reduction. Patients over 75
should always undergo arthroplasty. In patients aged 65-75, conversion to arthroplasty
should be strongly considered if anatomical reduction is impossible.
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INTRODUCTION

Hip fractures are associated with a 30% mortality rate in the first year postoperatively.' In
this fragile population, reoperation is accompanied by a dramatic increase in morbidity
and mortality rates, and should therefore be avoided by all means.

Non-displaced femoral neck fractures are commonly treated by internal fixation. How-
ever, closed reduction and fixation of displaced fractures remains controversial, as it is
related to high rates of fixation failure (10% to 33%) such as implant break-out or non-
union.? Despite advances in implant design and postoperative care these numbers have
not changed over the years.** Some patient and fracture related factors associated with
fixation failure such as improper fracture reduction and higher age have been identified
but never investigated thoroughly.>”

Itis generally accepted, for patients with a natural age above 80 years to treat a displaced
fracture by (hemi-)arthroplasty.? Despite an international tendency of treating patients
aged between 65 and 80 by (hemi-)arthroplasty, it remains controversial in terms of
scientific evidence, whether femoral head preservation should be intended or (hemi)-
arthroplasty should be considered.®'?For instance, for this group of patients depending
on comorbidity, head preserving treatment is still incorporated in the Dutch guidelines.?
The aim of this retrospective cohort study is to investigate predicting pre- and postop-
erative radiographic fracture characteristics and compare these to the reoperation rate
caused by fixation failure and patient age.

METHODS

All patients presenting in a large teaching hospital in The Hague, The Netherlands,
between January 2004 and December 2012 due to a proximal femur fracture, were
recorded. Based on the radiographs at admittance, fractures were classified as extra-
capsular (trochanteric) or intracapsular, and as non-displaced or displaced. Displace-
ment was defined as dislocation on the anterior-posterior (AP) radiograph (Garden llI/1V)
and/or dislocation on the axial view. All patients with a displaced intracapsular fracture
treated by three cancellous screws (CS) or dynamic hip screw (DHS) were included.
The operative procedures could be performed by surgical residents, general surgeons,
trauma surgeons or orthopedic surgeons.

Gender, age at admission and ASA score (a global score that assesses the physical status
of patients before surgery)'® were recorded.

Generally, all patients had a radiological follow up until one year after trauma or until
reoperation or death occurred. In cases with a follow-up period of less than one year, the
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Figure 1

Garden angle: correct between 160-180 degrees

Figure 2

No post-operative medial support
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files of other specialisms were checked to see if the patient had any complaints. If not,
the follow-up was set at one year.

The following parameters were recorded for the preoperative radiographs. A displaced
fracture was characterized by: 1) translation in AP view (Garden IlI/IV) and/or 2) dorso-
ventral translation (in lateral view) present in AP non-displaced fractures.

Postoperative radiographs were analyzed for adequate fracture reduction and correct
position of the screw(s). Fracture reduction was assessed according to 1) the Garden
angle between 160-180 degrees (Figure 1), 2) presence of medial support (Figure 2), and
3) dorso-ventral angulation between 5 degrees anteversion and 10 degrees retroversion
(Figure 3)%.

Figure 3

Dorso-ventral dislocation, angle correct between 5 degrees anteversion and 10 degrees retroversion

Figure 4

Positioning of the DHS, defined correct as the head screw in the central or caudal 1/3 part of the femoral
neck in AP view and in axial view in the central part or dorsal 1/3 part of the femoral neck, with a tip-apex
distance between 5-10mm



104 | Chapter 8

Figure 5

Positioning of the CS, defined correct as a screw placed onto the calcar femoris in AP-view and in axial view
a screw placed onto the dorsal cortex of the femoral neck, with a tip-apex distance between 5-10mm

Figure 6

Tip-apex distance, correct between 5-10mm
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Finally, implant position was assessed. For the CS, adequate positioning of the paral-
lel screws was recorded. This was defined by a screw placed onto the calcar femoris in
AP-view and in axial view a screw placed onto the dorsal cortex of the femoral neck.
(Figure 4)® Correct placement of a DHS was defined by placement of the head screw
in the central or caudal 1/3 part of the femoral neck in AP view and in axial view in the
central part or dorsal 1/3 part of the femoral neck® (Figure 5) Finally, to complete the as-
sessment of adequate implant positioning the tip-apex distance (correct between 5-10
mm) was calculated'* (Figure 6).

All radiographs taken during follow-up were reviewed for occurrence of implant break-
out, non-union after one year and osteonecrosis of the femoral head. The complications,
implant breakout and nonunion were collectively termed fixation failure. The number of
patients needing reoperation (both revision surgery and implant removal for different
reasons) was recorded.

Reoperation-rate caused by fixation failure is used as primary outcome.

Statistical analysis was performed with SPSS statistics 20.0.

RESULTS

Of all 2402 patients presenting with a proximal femur fracture, 149 patients were di-
agnosed with a displaced femoral neck fracture and treated by closed reduction and
internal fixation.

Patient characteristics are presented in Table 1.

Preoperative displacement in AP-view was found in 116 (78%) patients, 33 (22%) frac-
tures showed solely dorso-ventral dislocation without displacement in AP.

Table 1
Mean (S.D.) 62(13.8)
Range 20-94
Age Age <65 year 93 (62%)
Age 65-75 year 29 (20%)
Age >75 year 27 (18%)
Groups
Sex f/m (%) 83 (56%)/ 66 (44%)
ASA 36 (24%)

S W N -
N
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Sixty-five (44%) patients were treated by DHS, 14 (9%) by DHS in combination with an
antirotation screw and 70 were treated by 3 CS (47%).

Fracture related complications

Forty-four patients suffered from a fracture related complication. In 34 (23%) patients
fixation failure occurred during follow up. Twenty-five patients suffered from break-out
of the implant, in 6 patients this was combined with non-union and in two patients
this was combined with osteonecrosis. Nine patients had non-union without break-out
of the implant after one year. The mean time to a complication was 5 months (SD 3.8
months). Of all patients with fixation failure 27 underwent conversion to (hemi-)arthro-
plasty. One patient was treated by osteotomy and another patient suffered from loss of
reduction directly postoperative and underwent a redo. Since, no‘normal’ postoperative
radiograph could be obtained the quality of reduction and implant position could not
be assessed. Three patients did not undergo re-operation, two patients were lost in
follow-up after fixation failure occurred but before re-operation was performed and one
patient had moved to another country before surgery.

Ten (7%) patients suffered from osteonecrosis. Four patients underwent conversion to
(hemi-)arthroplasty due to osteonecrosis alone. One received a shorter screw and one
underwent removal of the implant. Four had no complaints but only signs of osteo-
necrosis on the radiograph and did not undergo a re-operation. Implant removal after
consolidation, due to other reasons than fixation failure or osteonecrosis was performed
in 8 patients.

Complications, specified by age are listed in Table 2. With increasing age the reoperation-
rate increases from 17% in patients <65 years up to 44% in patients >75 years of age.

Table 2

Complications listed by age category

Complications by age Number of patients Fixation failure Osteonecrosis Reoperation
< 65 years 93 16 (17%) 7 (8%) 16 (17%)

65 - 75Years 29 7 (24%) 2 (7%) 9 (31%)

ASA 1-2 24 6 (25%) 2 (8%) 8 (33%)
ASA 3-4 5 1(20%) 0 (0%) 1 (20%)

>75 years 27 11 (41%) 1(4%) 12 (44%)
Total 149 34 (23%) 10 (7%) 37 (25%)

Taking the different age categories into account 44% of the patients over 75 underwent a reoperation, due to fixa-
tion failure compared to 17% of the patients under 65.
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Fracture reduction and implant position

In Table 3, incorrect fracture reductions and the occurrence of malreduction and reop-
eration are listed.

Fracture reduction was performed perfect in 99 patients (67%). Twenty-eight (57%)
of the 49 patients with postoperative malreduction had malreduction in lateral view
(dorso-ventral displacement), 10 (36%) of them underwent a reoperation. Twenty-six
(53%) had lack of medial support, in twelve (46%) reoperation was performed. Three
(50%) out of 6 patients suffering malreduction in lateral view combined with lack of
medial support underwent a reoperation.

Table 3
Causes of malreduction

Cause of malreduction Number of patients Reoperation
Incorrect garden angle 2 0
No medial support 14 6
Incorrect dorso-ventral angulation 19 4
Incorrect dorso-ventral angulation + 6 3

no medial support

Incorrect garden angle + no medial 5 2
support
Incorrect garden angle + incorrect 2 2

dorso-ventral angulation

Incorrect garden angle + incorrect 1 1
dorso-ventral angulation + no medial
support

Twenty-eight (57%) of the 49 patients with postoperative malreduction had malreduction in lateral view (dorso-
ventral displacement), 10 (36%) of them underwent a reoperation. Twenty-six (53%) had lack of medial support,
in 12 (46%) reoperation was performed. Three (50%) out of 6 patients suffering malreduction in lateral view com-
bined with lack of medial support underwent a reoperation

In Table 4, the stabilization methods and the occurrence of fixation failure and reop-
eration are listed. Eighteen (28%) of the patients treated with a DHS suffered fixation
failure, compared to 13 (19%) patients treated by CS. Seven (11%) patients treated with
a DHS suffered from osteonecrosis compared to 1 (1%) patient treated with CS. Together
leading to a reoperation in 23 (35%) patients treated with a DHS and a reoperation in 11
(16%) patients treated by CS.
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Table 5

Overall complications listed according to ‘perfect’implant position and ‘imperfect’ position and reduction

Number of Fixation
patients failure Osteonecrosis Reoperation
‘Perfect’implant position and 69 11 7 14
reduction
‘Imperfect’implant position and/or 79 22 3 22
reduction

‘imperfect’ positioning led to fixation failure in 22 out of 79 patients. All patient with a fixation failure needed a
reoperation

* n = 148 because in one patient the post-operative characteristics could not be assessed because of occurrence
of fixation failure on the first radiograph post-operative.

Implant position was assessed as perfect according to the strict criteria in 94 (63%) pa-
tients. InTable 5, implant position and fracture reduction are combined. Correct implant
position and correct reduction was seen in 69 patients (47%).

DISCUSSION

In this study we show in a retrospective manner a detailed overview of patient and frac-
ture related factors influencing treatment outcome if head preservation was attempted
in the treatment of displaced femoral neck fractures.

In our study, reoperation-rate caused by fixation failure is used as primary outcome
measure, as it is a second surgery that is associated with high morbidity and mortality
rates in this fragile patient population.

Analysis showed 37 (25%) patients underwent reoperation caused by fixation failure or
osteonecrosis. Fixation failure occurred in 23% of the patients. Obviously, this is a high
percentage, but slightly less than the overall failure rate summarized in a meta-analysis,
which shows a rate of 33%.”

Clearly these are disappointing results that do not seem to have changed over the last
decades.

Despite an overall international tendency of treating the displaced femoral neck frac-
tures more and more by (hemi-)arthoplasty, evidence on the causes of high fixation
failure rates is lacking. By identifying pre-, and postoperative fracture characteristics we
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could select and improve the head preserving treatment of those patients that can and
should be treated by osteosynthesis.

Parker et al. showed that fracture displacement had some predictive value in occurrence
rate of nonunion'. It his study, fractures were included that seemed to be displaced in
AP-view. In our study fractures were also included if dislocation only was seen in lateral
view so in dorso-ventral direction as our study shows a high rate of reoperations (up to
50%) in patients with malreduction in lateral view and/or lack of medial support. These
results suggest that these patients suffer from higher rates of fixation failure caused by
malreduction in dorsal-ventral direction and/or lack of medial support. Therefore peri-
operatively adequate assessment of the lateral-axial view might be of value. Almazedi
et al. studied this subject before and also concluded that fractures that appear non-
displaced in AP view require a lateral radiograph to preoperative classify the femoral
neck fracture properly.'®

Our high rate of incorrect fracture reduction (33%) could be overstated as we used three
combined criteria for assessment of perfect. The three single parameters, Garden angle
(Figure 1), presence of medial support (Figure 2) and angulation between 5 degrees
anteversion and 10 degrees retroversion (Figure 3), were adopted from the Dutch Guide-
lines for the treatment of proximal femur fracture, and although rarely investigated they
seem to give a good idea on correct fracture reduction.

Patient age seem to be another predictor of fixation failure of the fixated displaced
femoral neck fracture. Before the publication of the Dutch guidelines for femoral neck
fractures in 2007, which incorporates treatment of displaced femoral neck fractures
in patients over 80 by hemi-arthroplasty '', some patients above 80 were treated by
internal fixation. In our study, still 17 patients above 80 were treated by internal fixation,
they were operated on mainly before 2007. Above 75 years, 27 patients were operated
and because of the high failure rate of 44%, we plead for (hemi-)arthroplasty in these
patients.

In our study a higher rate of complications, especially the occurrence of osteonecrosis,
is seen in the group of patients treated by a DHS compared to the patients treated by
CS. This could be partially explained by the slightly higher age (mean age of 65 years
vs. 61 years) of the patients treated by DHS and a lower percentage of ‘perfect implant
position’in the DHS group (60% vs. 71%).

Itis generally accepted that young patients (under 65) femoral head preservation should
be intended but head preserving treatment in the group of patients aged 65-75 years
is clearly debatable as they suffer from a reoperation rate of 30% . Internationally there
is a tendency to treat these fractures by arthroplasty, although not a lot of studies have
been performed proving superiority of the (hemi-)arthroplasty over head-preserving
treatment. As clinical studies regarding the elderly hip fracture population are very diffi-
cult to conduct this evidence might never be found and as a failure rate in an elderly and
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fragile population of 30% is unacceptable, (hemi-)arthroplasty should be considered for
all patients over the age of 75.

Limitations of this study are the incomplete follow-up, the relatively small number of
patients, the retrospective character of the study and the use of different stabilization
techniques in one cohort. Especially, the number of patients suffering from a fracture
with solely dorso-ventral dislocation is limited so no definitive conclusions can be made.
Although this study presents data of a small retrospective patient population, which
could be seen as a clinical audit, it is likely that these results are very well comparable to
the results in other large teaching hospitals.

In summary, this study shows a high complication rate of internal fixation of displaced
femoral neck fractures, especially in patients older than 75. We also establish the high
importance of anatomical reduction, especially in dorso-ventral direction (displacement
seen in lateral view). We conclude that, in order to make a correct treatment plan, e.g.
internal fixation or (hemi-)arthroplasty, the factor age and a proper lateral radiograph
should be taken into account and performed.
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ABSTRACT

Aim

Hip dislocation after hemiarthroplasty performed in elderly patients with a femoral neck
fracture is associated with severe morbidity and costs. Optimal anteversion during the
placement of the hemiarthroplasty might reduce the dislocation rate. We assessed the
surgeons’ intraoperative visual estimations of the femoral anteversion.

Methods

The postoperative femoral anteversion of 20 consecutively performed hemiarthroplas-
ties was measured on computer tomography and compared to the intraoperative visual
estimations of the surgeon. Furthermore, the femoral anteversion of the contralateral
non-fractured hip, which was considered the ‘ideal’ anatomical reference, was recorded.

Results

The mean postoperative anteversion of the hemiarthroplasty was 20° (range 29°, S.D.
8.7). The mean femoral anteversion of the contralateral non operated femur was 14°
(range 44°,5.D.9.5).

The average difference between the anteversion angle estimated by the surgeon and
the CT-measured is 9° (1° to 18°). In 14 (70%) cases the measured angle was greater than
desired.

Conclusion

The current operation technique in which the anteversion angle is estimated by the
surgeon’s eye shows relatively good intraoperative precision.
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INTRODUCTION

Hip dislocations occur in 2 to 6 percent of the patients with a femoral neck fracture
treated by hemiarthroplasty."? Dislocation of a hemiarthroplasty is rare but associated
with mortality rates after 6 months up to 65% and significant costs.”* A small number
of studies have been performed regarding hip dislocation after hemiarthroplasty and
some factors are known to be predisposing for dislocation: type of approach, as the
anterolateral approach is known to result in fewer dislocations® than a posterior ap-
proach and surgical technique."** Finally, femoral anteversion angle of the implant is
believed to be of influence in the occurrence of dislocation of an implant and it is gener-
ally advised to place a prosthesis with an angle within the range of 10-20°. However, it is
unclear whether the visual estimation by a surgeon regarding the femoral anteversion
during the placement of a hemiprosthesis is reliable and within the intended 10-20°.
In the study by Dorr et al.’ a poor performance was seen of the operating surgeon,
when performing total hip arthroplasty not hemiarthroplasty. Therefore, we assessed
the quality of the surgeons’ visual estimations of the femoral anteversion during the
placement of a hemiarthroplasty after a femoral neck fracture.

METHODS

Twenty patients with a femoral neck fracture treated by hemiarthroplasty were prospec-
tive and consecutively included in a large teaching hospital in The Hague, The Nether-
lands in a period of one year. Informed consent was obtained.

The operation was performed according the same surgical protocol, all surgeons used
an anterolateral approach and a cemented unipolar type of implant was placed.

We compared the visual estimations of the surgeon to the postoperatively measured
femoral anteversion of the performed hemiarthroplasty measured by Computed
Tomography (CT). Further, we measured the femoral anteversion of the contralateral
non-fractured hip, which is considered the ‘ideal’ anatomical reference. Intraoperative,
the visual estimation of the femoral anteversion by the surgeon was recorded.
Postoperatively the femoral anteversion of the pairs was measured accordingly Figure 1
and Figure 2. The area from above both hips to under the knees was scanned in one
session while the patient’s legs were fixated. Three CT-slices were selected: through the
femoral head, through the femoral neck and through the posterior femoral condyles and
these sliced were merged to one picture. The anteversion angle could then be measured
between the line alongside the femoral condyles and the line through the centres of the
femoral head and neck.

Data was recorded and analysed using SPSS 17.0.
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Figure 1

Femoral anteversion (Av): Angle between femoral neck axis (A) and condylar axis (B).

Figure 2

CT images were used to measure the femoral anteversion
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An unpaired T-test was performed to test for significance of the differences between
the estimated femoral anteversion, the CT-measured femoral anteversion of the hemi-
arthroplasty and the femoral anteversion of the contralateral hip.

RESULTS

We included 16 female and 3 male patients, with 20 displaced femoral neck fractures.
The mean age was 80.1 (SD 7.1) with a range of 61 to 94 years. The twenty hemiprosthesis
were placed by ten experienced surgeons. No cluster-effect was seen after performing a
scatter plot as some surgeons performed more than one operation.

No significant differences were seen between the groups (One-way ANOVA). The
mean difference between the anteversion angle estimated by the surgeon and the
CT-measured anteversion was 9° (-11° to +18°). In 14 cases the measured angle was
greater than the desired. Results of the estimated and measured femoral anteversion are
shown inTable | and Figure 3. Noticeable, in one patient both hips were fractured so the
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Figure 3
Scattergram of the surgeon’s estimation and the postoperative femoral anteversion of the hemirarthro-
plasty.

Seventeen dots are shown in this graphs because three patients had identical estimations combined with equal
postoperative femoral anteversion.
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Table 1

Femoral anteversion of the anatomical reference (the femoral anteversion of the non-fractured femur), the
estimated femoral anteversion by the sureon and the postoperative measured femoral anteversion of the
hemiarthroplasty.

(Absolute) difference
between the
estimated and
postoperative

Femoral anteversion Estimated Postoperatively femoral anteversion
of the non-fractured intraoperative measured femoral  of the hemi-
femur: anatomical  femoral anteversion anteversion arthroplasty

Patient ID reference (Degrees) (Degrees) (Degrees) (Degrees)

1 1 15 19 4

2 21 20 31 1

3 15 26 1

4 10 20 30 10

5 12 15 16 1

6 20 15 4 1

7 24 15 26 1

8 8 20 13 7

9 9 0 15 15

10 25 15 33 18

1 -6 15 24 9

12 20 15 24 9

13 38 15 12 3

14 1 15 21 6

15 10 15 8 7

16 3 15 7 8

17 " 15 28 13

18 11 15 10 5

19 16 15 27 12

20 6 15 16 1

Mean 13,68 15,00 19,50 8,60 (P <0,05; Cl 6,51

-10,69)

Median 11,00 15,00 20,00 9,00

St. Deviation 9,54 3,97 8,72 4,47

Range 44 20 29 17

Minimum -6 0 4 1

Maximum 38 20 33 18
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femoral anteversion of the contralateral hip after the second hemiarthroplasty could not
be calculated. The femoral anteversion of the remaining 19 non-fractured contralateral
femurs showed a mean of 14° (S.D. 9.5), with a range of 44° (-6° to +38°).

DISCUSSION

This study assessed the performance of surgeons regarding the femoral anteversion for
hemiarthroplasty after a femoral neck fracture for the first time.

Intraoperative assessment of the femoral anteversion is challenging, especially in femo-
ral neck fractures, as the anatomical references are limited to the (fractured) femoral
neck and palpation of the epicondyles. The results of this study show that most sur-
geons desired anteversion of 15° and 70% of the postoperative angles were greater than
desired. The absolute difference between the desired and measured anteversion was
at most 18° and a mean difference was seen between the estimated and postoperative
anteversion of 9°, which is quite precise. A similar study assessed the femoral antever-
sion of a cementless total hip arthroplasty and showed that in most cases this was not
within the intended 10-20°.° In our study all implants were cemented and due to the
cement, the stem is not restrained to anatomical osseous boundaries and less variation
of the femoral anteversion is expected. Another difference between hemi-, and total hip
arthroplasty, is that in hemiarthroplasty femoral anteversion is primarily achieved by
positioning of the stem, whilst in total arthroplasty it can be adjusted by the anteversion
of the cup.

Only Pajarenet al’. assessed the factors related to dislocation of a hemiarthroplasty after
a femoral neck fracture and concluded that besides the surgical approach, technical
factors such as the length of the residual femoral neck and the change in the offset of
the hip predisposes dislocation. Femoral anteversion was suggested but not assessed
in this study.

In the present study the mean femoral anteversion of the contralateral hip was 14°.
Anatomical studies showed a variance of femoral anteversion between 10° tot 40°. The
in general advised anteversion of 15° seems to be a good resemblance of the ‘ideal’
femoral anteversion and should be desired during the placement of a hemiarthroplasty
for femoral neck fractures. On the other hand, the surgeons in our study have under-
estimated the intraoperative femoral anteversion, especially compared to the femoral
anteversion of the contralateral femur, which increases the chance of dislocation. Hip
dislocation occurs less often after an anterolateral approach, and if dislocation of the
implant occurs it is most likely anterior dislocation.” Although, never investigated, one
could suggest that an intraoperative anteversion angle of less than 15° could be advis-

121



122

Chapter 9

able. A limitation of this study is that our results might be influenced by the small group
of patients and the relatively large group of surgeons.

To conclude, the current operation technique in which the anteversion angle is esti-
mated by the surgeon’s eye shows relatively good intraoperative precision. Our results
show a mean anteversion angle of 20° which is in the advised range of 10-20°.
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ABSTRACT

Non-displaced fractures of the femoral neck are generally internally fixated with preser-
vation of the femoral head. The current guideline states that conservative treatment of
non-displaced (impacted) femoral neck fractures may be considered in patients with a
‘healthy’ patient profile and in patients who have already borne weight on the broken
hip.

This literature review shows that conservative treatment of patients with impacted hip
fractures fails in approximately 30% of the cases. Most patients in whom conservative
treatment has failed will receive a femoral neck prosthesis or total hip replacement.
The placement of femoral neck prosthesis is known to carry a higher surgical and an-
aesthesiological risk compared to internal fixation of the non-displaced femoral neck
fracture.

Given the quality of surgical techniques and improvement in perioperative care, the
operative risk of primary internal fixation is limited and direct internal fixation should be
strongly considered for non-displaced femoral neck fractures in all patients whose life
expectancy is longer than 2 weeks.
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INTRODUCTION

Annually, approximately 17,000 patients (2005) in the Netherlands and 615,000 patients
in the European Union (2010), are admitted in the hospital with a hip fracture. This
number is expected to continue to rise to reach 815,000 in 2025." Complications in hip
fracture patients occur frequently and cause high morbidity rates. Moreover, 30% of
these patients, older than 55, decease within one year after the fracture."?

Surgical fixation of hip fractures of hip fractures occurred even before World War II. As
a result of introduction of new, improved, and often percutaneous surgical techniques,
the treatment of hip fracture patients, and in particular those with a non-displaced
femoral neck fracture, is a continuing subject of discussion.

Classification of hip fractures

Hip fractures can be classified as intra- or extra-capsular hip fractures. Intra-capsular hip
fractures are known as femur neck fractures and femoral head fractures. Femoral neck
fractures constitute about half of all hip fractures and are subdivided in non-displaced
fractures (Garden classifications | and 1) and displaced fractures (Garden classifications
Il and IV) (Figure 1). The ‘impacted’ fracture, which occurs in 10-33% of patients with a
hip fracture, is classified in the group of the non- or minimally displaced fractures as the
head of the hip is in slight valgus.

Garden grade | and Il Garden grade lll and IV

Figure 1

Classification of neck of femur fractures

Surgical treatment of femoral neck fractures

If treated surgically, patients with non-displaced femoral neck fractures are usually treat-
ed using internal fixation, with the intention to preserve the femoral head. This implies
that the fracture is treated with osteosynthesis, for example with a dynamic hip screw

127



128

Chapter 10

Figure 2

Femoral neck fracture treated with dynamic hip screw (DHS)

(DHS) or three cannulated screws (CS) (Figure 2). These are short, low impact operations,
even for the elderly patients. The most important complications include wound infec-
tion (<3%), break-out of the implant (2%), avascular necrosis of the femoral head (2-4%)
and non-union (4 to 8.5%). A second surgery is performed in 8-15% of the patients.>*
Young patients are treated by osteosynthesis, but in patients over 70-80 years, in gen-
eral, a total or hemi-prosthesis is used for treatment of displaced femoral neck fractures.
In this group of older patients with displaced fractures, head preservation is prone to
result in complications such as avascular necrosis, dislocation and non-union due to
compromised and damaged vascularity.

The placement of a prosthesis, especially a total hip replacement is a major operation
with a high complication rates. The most common complications include dislocation
(total hip arthroplasty: 9%; hemi-prosthesis: 3%) and revision of the prosthesis within
one year (total hip replacement: 4%; hemi-prosthesis: 7%). Severe post-operative
complications, such as pulmonary embolism, myocardial infarction, or a deep wound
infection, are described, for approximately 25% of the operated patients.’
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CONSERVATIVE TREATMENT IN NON-DISPLACED FEMORAL NECK FRACTURES

The guideline “The treatment of proximal femur fractures in the elderly “ which was
drafted in 2008 by the Dutch Society for Surgery, states that conservative treatment of
non-displaced femoral neck fractures may be considered in patients with a“healthy” pa-
tient profile, i.e. ASA (American Society of Anesthesiologists) class 1 or 2, and in patients
who have already walked on the broken hip.® If conservative treatment for this fracture
was intended, it is preferably, with early mobilization and by full load bearing.

In clinical practice, the choice of whether or not to treat patients with non-displaced
fractures or impacted fractures, non-operatively, often leads to debate. In The Nether-
lands, approximately 5% of the patients with a non-displaced femoral neck fracture is
treated non-operative. This is especially the case for the disabled, elderly or demented
patients or patients with a bad overall health (ASA class 3 or 4).”

The conservative treatment may fail because of secondary displacement. In that case,
surgical treatment will take place. As a result of the compromised blood supply to the
femoral head due to fracture dislocation, after failure of the non-operative treatment
younger patients will often receive a total hip replacement and in elderly patients a
hemi-prosthesis will be placed.

In this article we will provide an overview of current insight on the non-operative treat-
ment of patients with a non-displaced femoral neck fracture.

Selection of the articles

In Medline we searched for all the studies published in Dutch, English or German with a
combination of search terms for “neck fracture” and “non-operative treatment” (Figure 3).
We also searched for relevant studies in the reference lists of the included articles of the
Guideline.® We excluded letters to the editor, guidelines, recommendations, comments,
editorials and patient descriptions. Studies with subject pathological fractures, peripros-
thetic fractures, stress fractures or fractures in children were also excluded.
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Medline: (("Femoral Neck Fractures"[ti] OR "Femoral Neck Fracture"[ti] OR ("Femoral Neck"[ti] AND ("Fracture"[ti] OR
"fractures”[ti])) OR "femoral neck fractures"[Majr]) AND (conservative[tw] OR non-operative[tw] OR nonoperative[tw] OR
conservativ¥[tw] OR nonoperativ*[tw] OR non-operativ*[tw] OR management[tw])) OR (("Femoral Neck Fractures"[tw] OR
"Femoral Neck Fracture"[tw] OR ("Femoral Neck"[tw] AND ("Fracture"[tw] OR "fractures”[tw])) OR "femoral neck
fractures"[Mesh] OR "Hip Fractures"[majr]) AND ("conservative treatment”[tw] OR "conservative therapy"[tw] OR "non-
operative management "[tw] OR conservative[ti] OR non-operative[ti] OR nonoperative[ti] OR conservativ¥[ti] OR
nonoperativ¥[ti] OR non-operativ*[ti] OR management[ti]) AND hip[ti]) OR ((impacted[ti] OR intracapsular[ti] OR

subcapital[ti]) AND ("Hip Fractures"[majr] OR "Hip Fracture"[ti] OR "Hip Fractures"[ti] OR "fracture of the
hip"[ti]) AND ("conservative treatment"[tw] OR "conservative therapy"[tw] OR "non-operative management "[tw] OR
o conservative[ti] OR non-operative[ti] OR nonoperative[ti] OR conservativ*[ti] OR nonoperativ¥[ti] OR non-operativ*[ti] OR
= management][ti])) AND (dutch[la] OR english[la] OR german[la])
= n =605
E
Q
=
Referentielijsten en richtlijn
n=>56
—
v l
—
Totaal, zonder duplicaten Exclusie 0.b.v.
n =637 1) Type artikel: Letters to editors/
&0 richtlijnen/ aanbevelingen/
5 commentaren /editorials/ case
o
% reports
v 2) Pathologische/ periprostethische/
Beoordeeld op abstract en titel stress fracturen
n=637 > 3) Leeftijd < 18 jaar
n= 572
l
2 Full-text artikelen beoordeeld op 1) Conservatieve behandeling van
g relevantie I niet-gedisloceerde collumfractuur
s n =65 2) Afwezigheid een
< uitkomstparameter: secundaire
l dislocatie of instabiliteit,
aspetsiche osteonecrose of
- .
Studies geincludeerd: avasculaire necrose (AVN), non-
n = 17 originele artikelen union of pseudoartrose, ingreep
n =2 reviews verricht bij falen van de
'g conservatieve behandeling,
Q . . .
= complicaties welke niet-
Té fractuurgerelateerd waren,
£ e
3 mortaliteit.
n=46
_
Figure 3

(in Dutch) Schematic diagram of this literature study including the Medline search terms. After the selection
and adding several publications 19 articles were included.

Original publications

Concerning the conservative treatment of patients with non-displaced femoral neck

824 and 2 reviews.** Table 1 lists the main

fractures we found a total of 17 original studies
results of 1560 conservatively treated patients in the 17 original studies displayed. The
scientific evidence of the original articles was low, there were two prospective cohort
studies with evidence level 3. The remaining trials involved retrospective cohorts with
evidence level 4 and 1 patient series with an evidence level of 5.26 Most of the studies
were older than 20 years (see Table 1), whereby the usefulness of these studies to the

standards of this time is debatable. For example, the patient characteristics, were not or
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ill-defined. The earliest study dated from 1960° and 6 of the 17 enrolled original studies
were published after 2000.

Of the articles that are listed in the table, 13 studies were in the literature table of the
Guideline.® Two other studies mentioned in the Guideline have not been selected for
this review: one due to the Danish language and one because of the inclusion of the
same group of patients in two studies."

Failure of conservative therapy: secondary dislocation and avascular necrosis

In the selected literature the highest percentage of patients with secondary fracture
dislocation of the fracture after non-operative treatment was 52% .21 The lowest rate
was 8%, and was described in the two earliest studies.®® The six studies after 2000 (702
patients), all showed a dislocation rate of 30% or higher.

Avascular necrosis was not described in five studies. The remaining 12 studies showed
an avascular necrosis incidence ranging from 2-14% after non-operative treatment.” '
The presence or absence of non-union or pseudoarthrosis was described in eight stud-

B 9,10,15,17,18,20,21,24 9,18,21

ies and occurred in one patient in three studies these disorders were

characterized as rare (incidence <1%).

After care

In four of the six studies published since 2000 rapid postoperative mobilization was de-
scribed.”?*?* In older studies, the conservatively treated patients started to put weight
on the broken hip until there were signs of consolidation. In one study, in which weight
bearing was allowed depending on the position of fracture and the psychological state
of the patient, no difference was found in the risk of secondary dislocation in early and
late mobilization and an increased risk was seen for secondary displacement in the
group of non-weight baring patients."

Operations after failure of non-operative therapy

In 11 studies it was stated that an operation was performed after failure of the con-
servative therapy, but in the majority of the studies the operative treatment was not
specified, nor were the results of these operations. In more recent studies, the main
operative treatment after failure of conservative treatment was a total hip replacement

or hemi-prosthesis. 2”22

Other complications
Despite the impact of postoperative complications in the elderly patients, complications
not related to the fracture, such as pneumonia, were only described in 5 of the 17 stud-

jes.'®20:21:2:24 Mortality rates ranged from 2-19% and in a large part of the studies, the
time of death after the fracture was not reported.
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Reviews

In a review of 2004, with an evidence level of 1, a group of 1887 patients with non-
displaced femoral neck fractures and mean age of 73 years, was treated with internal
fixation and compared with a conservatively treated group of patients, obtained from
literature.* The authors found a non-union and secondary dislocation rate of 4% after
surgical treatment of a non-displaced femoral fracture. In the non-operative group,
which was composed of nine studies with a total of 1,003 participants with an average
age of 72 years, the risk of secondary displacement and non-union was 20%. The inci-
dence of avascular necrosis after both treatment strategies was similar: 2% after internal
fixation versus 3% after non-operative treatment.

The Cochrane review of 2008, with an evidence level of 1, described five RCTs in which
the outcomes of conservative and surgical treatment of patients with hip fractures were
compared.” One trial involved the treatment of intra-capsular hip fractures, but the
results of this study were never published. The authors of the Cochrane review argue
that there is insufficient evidence to make a judgment about the benefits of surgical
treatment compared to non-operative treatment. They conclude that the surgical treat-
ment was introduced and became the preferred method before a good randomized-
controlled trial (RCT) could be performed. They explained the lack of RCTs was in this
review explained by the fact that non-operative therapy is associated with a much
higher risk of secondary displacement.

The role of age and comorbidity

Patient age and comorbidity are important in the discussion about whether or not a
non-displaced femoral neck fracture should be treated non-operatively. The influence
of age and comorbidity on the risk of failure of non-operative treatment is described in
two studies.'” > These show that patients older than 70 have significantly greater risk
of secondary dislocation of a non-operatively treated Garden | fracture. These studies
also show that in patients with extensive comorbidity the risk of failure of conservative
treatment increases. Other studies have shown that the functional outcome of patients
with a hip fracture aged 90 years and older is better if they were operated.”’” Moreover,
in disabled patients it seems that internal fixation of non-dislocated fractures results in
better pain relief and self-reliance.”®

There are exceptions: in patients with a hip fracture and a very high surgical risk (ASA
class 4 moribundus) who for example, must undergo volume resuscitation upon arrival at
the emergency department, there is no difference in mortality and functional outcome
between surgical and non-operative treatment of a hip fracture.”” Further, terminally ill
patients with an advanced malignancy after hip surgery rarely ever return home. In this
category of patients, non-surgical treatment should be considered, as surgery might not
be the preferred choice.”
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Finally, most important, early mobilization seems to be the key factor in good patient
outcome, both after surgery and as after non-operative treatment.’’

THE SUPPORTERS AND OPPONENTS

As is apparent from the foregoing discussion of the literature, the question whether or
not patients with a non-displaced femoral neck fracture can be treated non-operatively
is not easy to answer. The problem can be substantiated in several ways.

Supporters of conservative treatment state that this treatment is associated with an
acceptable risk of displacement. From our review of recent literature it shows that at
least 30% of the conservatively treated patients will get a secondary displacement of
the fracture and subsequently will undergo extensive surgery. This chance on second-
ary surgery rises in the presence of risk factors such as high age and comorbidity. On
average, about one-third of the patients will, in the second instance, have to undergo a
more extensive surgery after initial conservative treatment. This implies that an exten-
sive operation and concomitant risks can be avoided successfully in two-thirds of the
patients, by primary internal fixation of the still non-displaced fracture.

Opponents of non-operative treatment state that the displacement risk after internal
fixation is much lower than with non-operative treatment.” The surgical risk of internal
fixation is low due to the simple surgical technique and improved pre-and postoperative
care.***When secondary displacement occurs after non-operative treatment in most pa-
tients hemi-prosthesis will be placed. This procedure brings along higher complication
risks. If the patient needs to undergo surgery because of secondary displacement, there
is on average a longer duration of surgery, longer hospital stay, more complications and
a higher 1-year mortality (19% for internal fixation; 26% in head-neck prosthesis).?

Other considerations

There is only one study on the cost-effectiveness of surgical versus conservative treat-
ment of patients with hip fractures. It demonstrates that no cost advantage exists for
surgical treatment of non-displaced femoral neck fractures. For all other types of hip
fractures surgery is more cost-effective than non-operative treatment.*®

LIMITATIONS

Most of the available literature is dated and of poor quality. Many follow-up data are
lacking. Also, the characteristics of the patient population, such as comorbidity, are
insufficiently described, so the question of which patients may or may not be treated
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conservatively, remains unanswered. Further, there is a great diversity in the definition
used of the non-displaced or ‘impacted’ femoral neck fractures.

Given the retrospective nature of most studies, there may have been selection biases.
The incidence of secondary dislocation appears to be increasing over time, but this is
undoubtedly an artifact due to incomplete registration of complications in earlier years.
Since more than half of the studies are older than 20 years and the quality of the studies
included has improved substantially in the course of time, the reliability of these earlier
results is questionable.

CONCLUSION

Although the 2008 Guideline ‘Treatment of proximal femur fractures in the elderly’ of
the Dutch Society for Surgery states that the relatively young and healthy patients can
be treated conservatively, clinical practice seems to show the opposite. Based on the
currently available literature there is insufficient evidence to support the non-operative
treatment of patients with non-displaced femoral neck fractures. However, the solid
scientific evidence to support the primary operative treatment is also lacking. But we
do know that higher patient age and more comorbidities, reduce the chances of suc-
cessful conservative treatment. The development of the current percutaneous surgical
techniques, the short duration of surgery, the improvement of perioperative care and
the substantially higher surgical risk of the placement of prosthesis, render the primary
internal fixation of a non-displaced femoral neck fracture a justifiable treatment for all
age groups.
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Chapter 11
THE PERSONALITY OF THE FRACTURE

Biomechanical properties of fractures and fracture patterns need to be understood in
order to provide hip fracture patients with the optimal treatment. The fact that hip frac-
ture patients suffer from significant rates of fixation related complications shows that
there still is room for improvement. Many studies have been conducted and multiple
reviews have been written concerning the best optimal treatment for the intra-capsular
and extra-capsular hip fractures. With each new answer on this topic, new questions
arise and many of them remain unanswered."?

A number of reasons can be pointed out for the fact that important questions have
remained unanswered in hip fracture treatment. First, performing a prospective study
involving hip fracture patients is difficult, but it can be done.”* Hip fracture patients
comprise a heterogenetic group of patients, whom are mostly of high age, often have a
number of comorbidities, and easily deteriorate after suffering from a hip fracture. It is
especially difficult to obtain follow-up data in hip fracture studies, because of the large
number of patients lost to follow-up due to inability to visit the hospital and mortality.
Still, data of a large number of patients is required, in order to point out the small differ-
ences between implants and the various fracture types.

A second problem regarding hip fracture treatment is that in many hip fracture studies
the fractures have not been classified properly. Despite the fact that a significant number
of studies have been performed, meta-analysis has been very difficult for both femoral
neck and trochanteric fractures. Although most surgeons know there are different types
of trochanteric fractures and treat different fracture types with specificimplants, authors
of large studies omit sub-classification of the results and conclusions for specific fracture
types." > Trochanteric fractures should be considered as fractures with a potentially
complex fracture pattern and its classification has always been a subject of debate. In
trochanteric fractures surgeons often refer to unstable and stable fractures, but these
terms are undefined. Certain other fracture patterns, such as four-part fractures and all
fractures with medial cortical comminution, serve as examples of unstable fractures,
but also for these fractures the scientific substantiation of assumptions concerning
treatment or outcome is either weak or absent. Some studies on hip fractures strongly
suggest that the lateral cortex is as important for the stability of the trochanteric fracture
as is medial communition.®® In line with these findings, we show a strong correlation
between an increasing fracture line angle of trochanteric fractures, increased communi-
tion and progressive instability (Chapter 2).

The AO-classification for trochanteric fractures, also takes the fracture line properties
into account. To date, classification according to the simplified AO-classification® (A1,
A2 or A3) is the most reliable way of classifying trochanteric fractures. (Chapter 3)
The usage of hip fracture treatment protocols, including implant selection based on
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classification has been proven valuable and we could use them for both clinical and
scientific purposes.'”"" Improvement of hip fracture treatment could be achieved by
prospectively comparing simple but comprehensive treatment protocols as opposed to
classical implant comparison. Data including all clinical parameters and potential items
influencing outcome could be collected in a collective hip fracture database to allow
analysis of a more representative patient population. The surgeons’ performances and
perioperative care could also be analyzed. These all-inclusive evaluation protocols could
facilitate uniform national and international data comparison. In the future, this large
amount of information may enhance the development of specific software modules, for
example capable of analysing and classifying radiographs or CT-scans and implement-
ing patient characteristics such as age and comorbidity (ASA). (Chapter 6) The result
would be a computerized personalized hip fracture treatment proposition, based on
relevant patient related, fracture related, implant related and surgeon related factors.

PERSONALIZED HIP FRACTURE TREATMENT: PREDICTING FIXATION FAILURE

The major improvement in hip fracture treatment would be structural and significant
reduction in fixation failure. The occurrence of fixation failure can be explained from four
different views that also may present as causal factors: patient related factors, fracture
related factors, implant related factors and surgeon related factors.

In current hip fracture treatment, patient related factors, such as age, are great of
influence in the treatment of intra-capsular fractures. (Chapter 8) For example, in na-
tional and international guidelines hemi-arthroplasty is advised in the older patient
with more comorbidity. However, higher activity levels of the average older patients
places higher demands on the implant with which the fracture is treated. These biology
based demands are not accounted for in our age based protocols, in which we generally
depict patients of 70 years and older as the elderly, assuming this coincides with lower
activity levels. Another challenging group of patients are the very old, immobile and
malnourished patients with, for example, a multi-fragmentary A3 trochanteric fracture.
This patient has less physical demands after the fracture treatment and the treatment
should be fast and as complication risk-free as possible, as the aim of the treatment is
pain relief and possible regain of function. The main question remains whether or not
we should regard this wide diversity of patients with a wide variety of fracture types, as
one group of patients.

Within the patient characteristics, bone density, might have an important role in relation
to complications. Hip fracture patients have osteoporotic fractures due to their mostly
age related low bone density. Bone density is of great influence in the stability of the
fracture-implant complex and subsequent treatment outcome.
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Two other important factors of influence on treatment outcome are the fracture and the
implant, together the fracture-implant complex. Expensive implants have been devel-
oped and introduced but have failed to result in better outcome in clinical studies. The
majority of these implants, such as intramedullary devices for trochanteric fractures, are
still widely used. Many implants continue to exist as treatment option, not only because
of their good results in fracture treatment demonstrated in valid clinical and biome-
chanical research. The influence of industry driven incentives and the surgeons prefer-
ence for specific implants is however also substantial. For instance, in the Netherlands
the intramedullary device is most commonly used in the more unstable trochanteric
fractures, type A2 and A3 fractures. However, it has only been proven to be superior to
the cheaper extra-medullary devices for treatment of the A3 fracture. (Chapter 3 and
Chapter 6)

Identification of factors predicting fracture instability could be of great value in the future
of hip fracture treatment. Although never objectified before, it is believed that rotational
instability of the hip fractures is the key in the most common modes of fixation failure.
Rotation of the femoral head around the implant, in cases of suboptimal position of the
hip screw, might cause the hip screw of the implant to cut out.' In our study (Chapter 7)
we demonstrated a proof of principle: by the use of radio-stereometric analysis (RSA) a
patient migration profile could be demonstrated. In the future this or similar techniques
may be used in early prediction of fracture-implant complex related complications,
since those with more rotation, shortening or prolonged micromotion will be patients
prone to cut-out or non-union. Also, early identification of low risk patients could help
in early discharge from follow-up controls, thereby reducing cost and patient burden.
Next to these new insights we did find another remarkable result: there might be more
instability in left-sided trochanteric fractures as compared to right side trochanteric
fractures. This might seem surprising, but may have a simple explanation when one con-
siders the clockwise torque that all of the commonly used implants have. In right sided
fractures the clockwise torque causes compression of the head and neck fragment into
the distal fragment, creating medial buttress. As the left side is mirrored, the clockwise
torque pushes the distal fragment away resulting in loss of reduction. To the author’s
knowledge the possible difference between complication risk caused by instability be-
tween left and right sided trochanteric fractures have only been described once before

. These claims were contradicted in a response by Pervez and Parker."

by Mohan et a
No difference in cut out rate was observed in the study by Pervez and Parker. However,
their data was not complete and only 30 cut-outs were recorded in 1447 patients, which
is less than 2% and therefore hardly a solid base for argumentations. Our observations
give new support to the existence of these differences and will merit further research.

The last relevant factor for patient outcome after hip fracture surgery is the surgeon and

his/her surgical performance. Obtaining anatomical reduction of a displaced femoral
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fracture is proven to be of great significance in preventing fixation failure. In a retrospec-
tive cohort presented in this thesis (Chapter 8) the surgeons’ performance showed high
rates of non-anatomical reduction in patients that had to be re-operated for fixation
failure. Non-anatomical reduction may have multiple causes; it primarily indicates either
the procedural difficulty of anatomical reduction of a displaced femoral neck fracture
or the unawareness of the importance of anatomical reduction. In the Netherlands,
historically the clinical relevance of potential difficulties of hip fracture surgery and their
consequences might have been underestimated. Future guidelines should incorporate
that these surgeries should be performed by or under the supervision of a certified
(orthopaedic) trauma surgeon.

In hemi-arthroplasty, the correct placement of the prosthesis with adequate femoral an-
teversion (10-20°), is also important in the prevention of postoperative hip dislocation,
which is a serious complication in a fragile patient population. Although acceptable
angles were achieved by the surgeons performing hemi-arthroplasties and the group
of surgeons performing the hemi-arthroplasties in Chapter 9, existed of experienced
surgeon, not all of them were specialised in trauma surgery. It might be of interest to
see if the results have improved, since over time the hemi-arthroplasties operation has
become exclusive to orthopaedic or trauma surgeons and residents.

Strength and limitations of this thesis

The strength of this thesis is that it addresses questions that are often asked in everyday
clinical practice. The questions presented and answered in this thesis arose from clinical
situations that still arise every day in our operating theatres, emergency departments
and in (multidisciplinary) meetings. This thesis answers some of these questions and
hopes to offer an objective and quantitative foundation for decisions currently made
based solely on the surgeons personal experience.

This thesis addresses an important health care subject. The topic of hip fractures is
currently relatively underexposed in medical science. Nonetheless, the number of hip
fracture patients continues to grow, and so does its large burden on our health care
system.

The studies in this thesis have a number of limitations and a number of flaws can be
pointed out. In the first reliability study (Chapter 3)'The comparison of two classifications
for trochanteric femur fractures: the AO/ASIF classification and the Jensen classification’
the results were mainly interpreted as negative: classification of trochanteric fractures
was considered unreliable. However, the follow up study (Chapter 6):‘The value of a CT-
scan compared to radiographs in the classification and treatment plan of trochanteric
fractures’ showed that the imperfect classification of the fractures according the AO
classification is still the most reliable we have. In other words, no classification system
is flawless, and in the course of time, after presenting and discussing the first study in
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international meetings and comparing it to other classifications, we concluded in the
follow up study that the classification system is good enough and we asked ourselves if
we can make it better by adding a CT? In this study we have asked the observers simply
to classify CTs and radiographs of trochanteric fractures. This gave important insights
in the value of radiographs and CT individually. As in clinical practise a radiograph is
always performed first; further research should focus on the additional value of a CT
after a radiograph.

Some logistic limitations could be pointed out in the study (Chapter 2) ‘Trochan-
teric Femoral Fracture Classification: relevance of the fracture line angle’ The study
was performed in The Royal Infirmary of Edinburgh, where we assessed non-digitized
radiographs of a large number of trochanteric fractures. After digitizing, these had to
be analysed for standardized measurements, which is difficult in non-standardized
trochanteric fracture radiographs. The accuracy and reliability of these measurements
would benefit from further validation. In the study (Chapter 7) ‘Fixation device related
rotational influences in femoral neck and trochanteric fractures: a radio stereometric
analysis, we encountered problems regarding patient inclusion. The small number of
hip fracture patients eligible for inclusion presented at the level 1 University Trauma
Centre of Leiden, limited the scope of the study. However, valuable experience and
results were gained in spite of the logistic difficulties of implementing an experimental
technique in acute fracture surgery.
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FACTS, FICTION AND CLINICAL IMPLICATIONS GATHERED FROM THIS THESIS

Facts

Fact: An increase in fracture line angle is correlated with more communition in
trochanteric fractures and therefor an increase of fracture instability.

Implication: These findings can be applied to improve classifications for stable and
unstable trochanteric fractures.

Fact: The best way to classify trochanteric fractures is by using the three groups of
the AO-classification: A1, A2 and A3.

Implication: The routine use of the AO classification for trochanteric fractures should
be incorporated in treatment protocols, so it can guide treatment and be used in
future studies.

Fact: The four grade Garden and Pauwels classification are not reliable and do not
guide treatment.

Implication: Femoral neck fractures should be classified as ‘non-displaced’ or ‘dis-
placed.

Fact: Fracture instability in both femoral neck fractures and trochanteric fractures
ceases to exist 4 months postoperative.

Implication: Patients with uneventful radiological and functional follow-up can be
discharged from fracture follow-up after 4 months.

Fact: RSA in hip fractures provides us with valuable information on fracture rotation,
shortening and consolidation.

Implication: This technique could be of future use in creating patient migration
profiles, to allow early recognition of patients at risk of fixation failure.

Fact: Patient age and fracture reduction are the most important predictors for reop-
eration after internal fixation of a displaced femoral neck fracture.

Implication: Patients aged over 75 with a displaced femoral neck fracture should
preferably undergo arthroplasty. In patients aged between 60-75 years, if no
anatomical reduction is achieved during internal fixation, conversion to arthroplasty
should be considered.

Fact: Postoperative incorrect reduction of a displaced femoral neck fracture, with
persisting dorso-ventral dislocation results in higher reoperation rates compared to
reoperations in patients with adequate reduction.
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Implication: More clinical awareness of the high relevance of anatomical reduction
in patients with a displaced femoral neck fracture treated with osteosynthesis is
needed.

Fact: In approximately 30% of the non-surgical treated patients with a non-displaced
femoral neck fractures will suffer from secondary displacement of the fracture.
Implication: Internal fixation of a non-displaced femoral neck fracture should always
be considered.

Fiction
Fiction: Computed tomography (CT) results in an increase of agreement on the
fracture pattern and treatment strategy in trochanteric fractures.
Implication: CT should not be used in standard cases. However, CT may be of value
for adequate fracture classification in the preoperative planning of communited,
reversed or transverse (A3) trochanteric fractures.

Fiction: Right sided and left sided trochanteric fractures are equally stable.
Implication: Fracture fixation complexes of left sided trochanteric fractures seem
more rotational unstable than right sided fractures.

Counter-clockwise torque head screws for left sided hip fractures could reduce
cut out rates. Prior to adaptations of implants for this purpose, the cut-out rates of
large numbers of patients should be assessed in order to confirm the difference in
rotational stability and its cause.

Fiction: All surgeons show a good intraoperative precision regarding the antever-
sion angle during the placement of a hemiarthroplasty.

Implication: Despite the relative good precision there is a high variance between
surgeons. Because of the importance of the anteversion during placement of a hemi-
arthroplasty, which might lead to a lower rate of hip dislocation, these surgeries
should be performed by or under supervision of a trauma surgeon.
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SUMMARY AND ANSWER TO THE QUESTIONS

The number of hip fracture patients is increasing dramatically. This elderly fragile group
of patients suffer from great morbidity and mortality rates as hip fracture treatment is
associated with significant rates of fracture and non-fracture related complications.

Hip fractures are divided in two main groups of fractures, the intra-capsular and extra-
capsular fractures. Femoral neck fractures have simple fracture patterns and are clas-
sified best accordingly the preservation of the vitality of the head of the femur, which
is at risk if the fracture is displaced resulting in avascular necrosis and union problem:s.
Trochanteric fractures should be considered as fractures with complex fracture patterns.
In both intra- and extra-capsular hip fractures, best treatment strategies are subject of
debate.

Personality of the fracture

Chapter 2 evaluated the variation of the trochanteric fracture line, its inclination and the
integrity of the lateral wall of the trochanter. We included the preoperative AP radio-
graphs of 164 randomly selected patients with trochanteric fractures. Measurements
were made of the angle between the mid-shaft femoral axis and the fracture line and
the intersection point of the fracture line with the greater trochanter. We found that
an increase in comminution correlated with an increased fracture line angle. This study
provided information on the fracture line properties of trochanteric fractures and dem-
onstrates a massive range in fracture line inclination and fragment size that theoretical
studies have indicated will have a major bearing on fracture stability. Incorporation of
the fracture line properties, such as the fracture line angle, may lead to an improved
classifications for trochanteric fractures.

In Chapters 3 to 6 the agreement of surgeons on fracture patterns, the classification and
the treatment strategies of both femoral neck and trochanteric fractures were assessed.
In Chapter 3 the reproducibility of two classifications for trochanteric femur fractures,
the Jensen classification and the AO classification was compared. Furthermore, the
agreement on fracture stability, choice of osteosynthesis, fracture reduction and the ac-
curacy of implant positioning was evaluated. The inter-, and intra-observer variability of
ten observers who classified 50 trochanteric fractures was calculated. The inter-observer
agreement of the AO classification and the Jensen classification was k0.40 and k0.48.
The kappa-value of the inter-observer agreement of the AO main groups was 0.71 (SE
0.08). The kappa coefficient of the intra-observer reliability of the AO classification was
K0.43 and k0.56 for the Jensen classification. Preoperative agreement of the surgeons
on fracture stability and type of implant showed kappa values of k0.39 and k0.65. The
postoperative agreement on choice of implant, fracture reduction and position of the
implant was k0.17, k0.29 and k0.22, respectively. This study suggested that the defini-
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tion of stability of trochanteric fractures remains controversial, which caused difficulty
in the choice of implant for the clinicians. This was confirmed by the low agreement
between surgeons on the choice of implant.

In Chapter 4 the assessment of the reliability of a simplified Garden classification for intra-
capsular hip fractures was performed. The Garden classification is used to classify intra-
capsular proximal femur fractures. The reliability of this classification was questioned
and several authors advised a simplified classification of intra-capsular hip fractures into
non-displaced and displaced fractures. However, this proposed simplified classification
was never tested for its reliability before. We estimated that simplifying the classification
of femoral neck fractures would lead to a higher inter-observer agreement. Ten observ-
ers were asked, to classify 100 intra-capsular femoral neck fractures. The inter-observer
kappa for the Garden classification was 0.31. An agreement of k0.52 was observed if the
Garden classification was simplified and the fractures were classified by our observers as
‘non-displaced’ or ‘displaced’ No difference in the reliability was seen between trauma
surgeons and residents. We concluded that classification of intra-capsular hip fractures
according to the four-grade Garden classification is not useful due to low reproducibility.
It should be simplified in a classification using the terms:‘non-displaced’ or ‘displaced
The reliability of the other classification for intra-capsular hip fractures, the Pauwels
classification, was tested in Chapter 5. The Pauwels classification for the femoral neck
fracture is still broadly used in literature and clinical practise. However, this classifica-
tion had never been tested for its reliability in terms of inter-observer agreement. We
assessed whether or not it is reliable to use the Pauwels classification in pre-operative
planning. Again, ten observers classified 100 intra-capsular femur fractures. The Pauwels
classification showed an inter-observer agreement of k0.31 (0.01), which is very low. We
therefore concluded that classification of intra-capsular hip fractures according to the
Pauwels classification is not recommended.

In Chapter 3 it was shown that the clinical relevance of classification for trochanteric
fractures was limited and little agreement existed on what type of implant should be
used. In Chapter 6 the hypothesis that more complex radio-diagnostics such as CT results
leads to better agreement on the treatment was tested. We assessed the effect of CT
on agreement of classification and subsequent treatment for trochanteric fractures. We
asked eleven observers (5 radiologists, 4 trauma surgeons and 2 orthopaedic residents)
to assess 30 radiographs and CTs of trochanteric fractures. Each rating included an as-
sessment according to the AO-classification, Jensen classification and of the preferred
type of implant. The inter-observer agreement of the AO-classification, the Jensen clas-
sification and on the choice of implant was calculated. The inter-observer agreement
was k0.70 for radiographic assessment of the main groups of the AO-classification and
k0.68 for CT assessment. The agreement on choice of implant was k0.63 if the choice
was made with radiographs and k0.69 with CTs. Remarkable is that 6 out of the 13 frac-
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tures were classified differently after assessment of the CT. These results confirmed that
trochanteric fractures can be reliably classified on both radiographs and CT, according
to the main groups of the AO-classification. The implementation of CT for trochanteric
fractures does not lead to higher agreement on fracture classification or choice of treat-
ment and the clinical relevance of CT for classification of trochanteric fractures seem
low. CT may be of value for adequate fracture classification and subsequent treatment
strategies for specific subgroups such as A3 fractures, which should be considered as a
biomechanical more complex type of fracture.

Personalized hip fracture treatment

In Chapter 7 a study is presented regarding fracture fixation related complications in both
femoral neck fractures and trochanteric fractures. Rotational instability of the fracture-
implant complex is thought to be a significant cause of fixation failure in these fractures
and may even be a key denominator and predictor of most common fixation-related
complications, such as cut-out and loss of reduction. However, the extent of rotational
instability in hip fractures treated with modern implants has never been quantified
in detail. Rotational instability is difficult to track using standard imaging techniques
but can be measured by radio stereometric analysis (RSA). Fifteen patients with a non-
displaced femoral neck fracture, treated with either a dynamic hip screw (DHS) or three
cannulated hip screws (CS), and 16 patients with an A2 trochanteric fracture treated
with a DHS or an intramedullary nail (IM), were included in this study. Radio stereometric
analysis (RSA) was used at 6 weeks, 4 months and 12 months post-operation to track
shortening along the fixation material and rotation around the implant as a measure
of postoperative fracture instability. We could measure migration in 10 patients with
femoral neck fractures and 7 patients with trochanteric fractures. Until 4 months, a mean
shortening of 5.4 mm (range: -0.04-16.1 mm) was seen in the group with femoral neck
fractures and 5.0 mm (range: -0.13-12.9 mm) in the trochanteric fractures group. A wide
range of rotation occurred in both fracture types until 4 months postoperative. In this
prospective study we showed that fracture instability is present until 4 months, after
which fracture stabilization occurs. Furthermore, more rotational instability was seen
in left-sided trochanteric fractures than in right-sided fractures. This could possibly be
explained by the clockwise torque used for the femoral head screw used in both intra-
medullary as extramedullary implants. This detailed information on fracture rotation,
shortening and consolidation could be of future use in the early recognition of patients
at risk of fixation failure.

Chapter 8 presents another study regarding fixation related complications. It investigates
the pre- and postoperative radiographic fracture characteristics in relation to patient
age and the occurrence of reoperation due to fixation failure in displaced femoral neck
fractures. The preoperative radiographs of 149 patients that presented with a displaced
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femoral neck fracture treated by closed reduction and internal fixation were included.
The postoperative radiographs were assessed on adequacy of fracture reduction and
correct position of the implant. Patient characteristics and outcome in terms of occur-
rence of reoperation and fixation failure (implant break out, non-union) and reoperation
rate were recorded. Fixation failure was seen in 34 (23%) patients. In total, 37 patients
underwent reoperation caused by fixation related complications. Taking the different
age categories into account 44% of the patients >75 years suffered fixation failure,
compared with 17% of the patients <65 years. Postoperative incorrect reduction, with
persisting dorso-ventral dislocation and/or lack of medial support resulted in reopera-
tion in 37% of the patients, compared to 19% reoperations in patients with adequate
reduction. The results of this study showed that patient age and fracture reduction are
very important predictors for reoperation after internal fixation of displaced femoral
neck fractures. In the preoperative treatment plan, patient age should be taken in to
account and surgeons should strive for anatomical reduction. Patients over 75 should
always undergo arthroplasty for femoral neck fractures. In patients aged 65-75, conver-
sion to arthroplasty must be strongly considered if anatomical reduction is impossible.

Although frequently used for treatment, hemi-arthroplasty is also associated with
complications. Hip dislocation is described in 2 to 6% of the patients with a femoral
neck fracture treated by hemi-arthroplasty. Dislocation is associated with 6 months
mortality rates up to 65%. The femoral anteversion angle of the implant is believed to
be of influence in the occurrence of dislocation of an implant and it is generally advised
to position the prosthesis with an anteversion angle of 10-20°. However, it is unclear
whether the visual estimation by a surgeon regarding the femoral anteversion during
the placement of a hemiprosthesis is reliable and within the intended 10-20°. Therefore,
in Chapter 9 we assessed the quality of the surgeons’ visual estimations of the femoral
anteversion during the placement of a hemi-arthroplasty after a femoral neck fracture.
The postoperative femoral anteversion of 20 consecutively performed hemi-arthroplas-
ties was measured on CT and compared to the intraoperative visual estimations of the
surgeon. Furthermore, the femoral anteversion of the contralateral non-fractured hip,
which was considered the ‘ideal’ anatomical reference, was recorded. The results show
a mean postoperative anteversion of the hemi-arthroplasty was 20° (range 299, S.D. 8.7).
The mean femoral anteversion of the contralateral non operated femur was 14° (range
440, S.D. 9.5). The average difference between the anteversion angle estimated by the
surgeon and the CT-measured is 9° (1° to 18°). In 14 (70%) cases the measured angle was
greater than desired. We concluded in this study that the current operation technique
in which the anteversion angle is estimated by the surgeon’s eye shows relatively good
intra-operative precision.
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In Chapter 10, we reviewed the literature to find out whether or not non-operative
treatment of the non-displaced femoral neck fracture should be considered and if so,
what type of patient should be treated this way. This is a controversial question and
subject of debate in many Dutch hospitals. According to the current Dutch guideline
non-operative treatment may be considered for non-displaced femoral neck fractures of
healthy patients and patients who have put weight on the fractured hip during walking.
In literature we found a secondary fracture displacement rate of approximately 30%. If
secondary displacement occurs, patients will commonly need to undergo arthroplasty.
Arthroplasty, however, is associated with higher complication risks and mortality, com-
pared to direct internal fracture fixation in patients with a non-displaced femoral neck
fracture. Therefore, we concluded that internal fixation of should be considered for
patients with a non-displaced femoral neck fracture and a life expectancy of more than
2 weeks.
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SAMENVATTING EN ANTWOORD OP DE VRAGEN

Het aantal patiénten met een heupfractuur zal drastisch toenemen. De behandeling
van een heupfractuur gaat gepaard met veel morbiditeit en mortaliteit als gevolg van
een relatief hoge incidentie van fractuur gerelateerde en niet-fractuur gerelateerde
complicaties.

Heupfracturen zijn onderverdeeld in twee hoofdgroepen, de intra-capsulaire en extra-
capsulaire heupfracturen. Collumfracturen (intra-capsulaire heupfractuur) hebben een
eenvoudig fractuurpatroon en kunnen het best worden in gedeeld aan de hand van de
dislocatie. Als er sprake is van verplaatsing van de breuk wordt de vitaliteit van de kop
van het femur bedreigd wat kan resulteren in avasculaire necrose en genezingsprob-
lemen. Pertrochantere fracturen moeten worden beschouwd als fracturen met een
complexer fractuurpatroon. Behandelstrategieen voor zowel intra- als extra-capsulaire
heupfracturen is vaak onderwerp van discussie.

Persoonlijkheid van de breuk

In Hoofdstuk 2 werden de eigenschappen van de fractuurlijn van pertrochantere frac-
turen bestudeerd. Zo werd onder anderen de hoek van de fractuuurlijn en de integ-
riteit van de laterale cortex van het trochanter complex bepaald. Op de preoperatieve
voor-achterwaardse réntgenfoto’s van 164 willekeurig geselecteerde patiénten met
pertrochantere fracturen werden metingen uitgevoerd van de hoek tussen de mid-
schachtfemorale-as en de fractuurlijn. Tevens werd het snijpunt van de breuklijn met
het trochanter major werden bepaald. Er werd een correlatie gevonden tussen toename
van de communitie van de fractuur en een grotere fractuurlijnhoek. Dit onderzoek geeft
meer informatie over de eigenschappen van de fractuurlijn, de ruime variatie van de
hoek van de fractuurlijn en de verschillende afmetingen van de fractuurfragmenten. De
eigenschappen van de fractuurlijn, zoals de fractuurlijnhoek kunnen van belang zijn in
de stabiliteit van de fractuur, wat kan leiden tot betere classificatie van pertrochantere
fracturen.

In de Hoofdstukken 3 tot 6 werd de overeenstemming van chirurgen over fractuur-
patronen, classificatie en behandelstrategieén van zowel collum als pertrochantere
heupfracturen behandeld.

In Hoofdstuk 3 werd de reproduceerbaarheid van twee classificaties voor pertrochantere
femurfracturen, de Jensen classificatie en de AO-classificatie vergeleken. Tevens werd
de overeenstemming over de stabiliteit, de keuze van het type osteosynthese, de fractu-
urreductie en de nauwkeurigheid van de positionering van het implantaat geévalueerd.
De inter- en intra-observer variabiliteit van tien beoordelaars die 50 pertrochantere
fracturen classificeerden werd berekend. De overeenstemming tussen de observers van
de AO-classificatie en de Jensen classificatie was k0.40 en k0.48. De inter-observer over-
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eenstemming van de AO hoofdgroepen was k0.71 (SE 0.08). De kappa-coéfficiént van de
intra-observer agreement van de AO-classificatie was k0.43 en k0.56 voor de Jensen clas-
sificatie. Preoperatieve overeenstemming van de chirurgen over de fractuurstabiliteit en
het type implantaat toonde een kappa waarde van k0.39 en k0.65. De postoperatieve
overeenstemming over de keuze van het implantaat, fractuurreductie en de positie van
het implantaat was k0.17, k0.29 en k0.22, respectievelijk. Deze studie suggereert dat de
definitie van de stabiliteit van pertrochantere fracturen onduidelijk is, met als gevolg de
verminderde overeenstemming van de clinici over de implantaatkeuze.

In Hoofdstuk 4 werd de betrouwbaarheid van een vereenvoudigde Garden classificatie
voor intra-capsulaire heupfracturen werd onderzocht. De Garden classificatie wordt ge-
bruikt om collumfracturen te classificeren. De betrouwbaarheid van deze indeling werd
in andere studies onderzocht en verschillende auteurs adviseerde een vereenvoudigde
classificatie voor intra-capsulaire heupfracturen in wel-, of niet-gedisloceerde fracturen.
In deze studie werd de voorgestelde vereenvoudigde indeling getest op de betrou-
wbaarheid. Tien observers werden gevraagd, 100 collumfracturen te classificeren. De
inter-observer kappa voor de Garden classificatie was 0.31. Een overeenstemming van
k0.52 werd gevonden als de Garden classificatie werd vereenvoudigd en de fracturen
werden geclassificeerd door onze waarnemers als ‘niet-verplaatste’ of ‘verplaatst’ Er
werd geen verschil in de betrouwbaarheid gezien tussen trauma chirurgen en arts-
assistenten. We concludeerden dat de indeling van de intra-capsulaire heupfracturen
volgens de Garden classificatie niet zinvol is vanwege de lage reproduceerbaarheid.
Classificatie op basis van de termen:‘niet-verplaatste’ of ‘verplaatst’is meer betrouwbaar.
De betrouwbaarheid van de Pauwels classificatie voor collumfracturen werd getest in
Hoofdstuk 5. De Pauwels classificatie voor collumfracturen wordt nog frequent in de
literatuur en de klinische praktijk gebruikt. Echter, deze indeling is nooit getest om zijn
betrouwbaarheid in termen van inter-observer overeenstemming. Opnieuw werden
tien observers gevraagd, 100 intra-capsulaire femurfractuur te classificeren. De Pauwels
classificatie toonde een relatief lage inter-observer agreement van k0.31 (0.01). Het
gebruik van de Pauwels classificatie wordt daarom niet aanbevolen.

In Hoofdstuk 3 werd aangetoond dat de klinische relevantie van de indeling van tro-
chanteric fracturen beperkt was en er tevens een beperkte overeenstemming tussen
clinici bestond over wat voor soort implantaat voor de verschillende fracturen gebruikt
moest worden. In Hoofdstuk 6 wordt onderzocht of meer complexe radio-diagnostiek,
zoals de CT zou leiden tot betere overeenstemming tussen de beoordelaars. Het effect
van CT op de overeenstemming van de clinici over de indelingen en de daaropvolgende
behandeling voor pertrochantere fracturen werd bestudeerd. We vroegen elf observers
(5 radiologen, 4 trauma chirurgen en 2 orthopedie arts-assistenten) 30 rontgenfoto’s
en CT’s van pertrochantere fracturen te beoordelen. De overeenstemming tussen de
observers van de AO-classificatie, de Jensen classificatie en van de keuze van het im-
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plantaat werd berekend. De overeenstemming tussen de observers was k0.70 voor de
beoordeling van de réontgenfoto’s van hoofdgroepen van de AO-classificatie en k0.68
voor CT beoordelingen. De overeenstemming over de keuze van het implantaat was
K0.63 als de keuze werd gemaakt met réntgenfoto’s en k0.69 met CT’s. Opmerkelijk is
dat 6 van de 13 fracturen werden anders werden geclassificeerd na beoordeling van
de CT. Onze resultaten bevestigden dat pertrochantere fracturen op betrouwbare wijze
kunnen worden ingedeeld op zowel rontgenfoto’s en CT volgens de hoofdgroepen van
de AO-classificatie. Het gebruik van CT voor pertrochantere fracturen leidt niet tot ho-
gere overeenstemming van de fractuurindeling of behandeling dan bij gebruik van de
rontgenfoto en daarom lijkt de klinische relevantie van de CT laag. CT kan van waarde
zijn in de preoperatieve planning bij de behandeling van specifieke subgroepen zoals
de biomechanische complexere A3 fracturen.

De geindividualiseerde behandeling van heupfracturen

In Hoofdstuk 7 wordt een studie gepresenteerd over fixatie gerelateerde complicaties
van zowel collumfracturen als pertrochantere fracturen. Er wordt verondersteld dat
de rotatie-instabiliteit van het fractuur-implantaat complex een belangrijke oorzaak is
van het uitbreken van een implantaat of het verlies van repositie. Echter, de mate van
rotatie-instabiliteit in heupfracturen behandeld met moderne implantaten is nooit in
detail gekwantificeerd. Rotatie instabiliteit is moeilijk vast te stellen met behulp van
standaard beeldvormende technieken, maar kan worden gemeten door radio ste-
reometrische analyse (RSA). Vijftien patiénten met niet-gedisloceerde collumfracturen,
behandeld met een dynamisch heupschroef (DHS) of drie canule heup schroeven (CS) en
16 patiénten met een A2 pertrochantere femurfractuur behandeld met een DHS of een
intramedullaire nagel (IM), werden in deze studie geincludeerd. Zes weken, 4 maanden
en 12 maanden postoperatief werd RSA gebruikt om de verkorting en rotatie van een
fractuur als een maat voor instabiliteit te bepalen. In 10 patiénten met collumfracturen
en 7 patiénten met pertrochantere fracturen konden de metingen worden gedaan. Tot 4
maanden postoperatief vond een gemiddelde verkorting van 5,4 mm (range: -0.04-16.1
mm) plaats in de groep patiénten met collumfracturen en 5,0 mm (range: -0.13-12.9
mm) in de groep patiénten met pertrochantere fracturen. Rotatie-instabiliteit vond in
verschillende mate tot 4 maanden na de operatie plaats. In deze prospectieve studie
hebben we aangetoond dat fractuurinstabiliteit binnen vier maanden postoperatief
gestabiliseerd wordt. Tevens werd meer rotatie-instabiliteit gezien in linkszijdige pertro-
chantere fracturen dan in de rechtszijdige fracturen. Dit zou kunnen worden verklaard
door de rechtsdraaiende schroefdraad van de schroeven gebruikt in zowel intramedul-
laire als extramedullaire implantaten. Deze gedetailleerde informatie over de rotatie
en verkorting van heupfracturen kan worden gebruikt in de vroege herkenning van
patiénten met verhoogd risico op fixatie gerelateerde complicaties.
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In Hoofdstuk 8 wordt een andere studie gepresenteerd met betrekking tot fixatie
gerelateerde complicaties. De pre- en postoperatieve radiologische kenmerken van
gedisloceerde collumfracturen met betrekking tot de leeftijd van de patiént en het
voorkomen van reoperatie als gevolg door het falen van de fixatie. De preoperatieve
rontgenfoto’s van 149 patiénten die zich presenteerden met een verplaatste collum
fractuur en behandeld met interne fixatie werden beoordeeld op fractuurreductie en
correcte positie van het implantaat. Kenmerken van de patiént en het voorkomen van
reoperatie door fixatie falen werden geregistreerd. Het falen van de fixatie werd in 34
(23%) patiénten waargenomen. In totaal ondergingen 37 patiénten een nieuwe opera-
tie als gevolg van fixatie gerelateerde complicaties. 44% van de patiénten ouder dan 75
jaar onderging reoperatie als gevolg van het falen van de fixatie versus 17% patiénten
jonger dan 65 jaar. Persisterende aanhoudende dorso-ventrale dislocatie en/of afwezige
mediale afsteun leidde tot falen van de fixatie in 37% van de patiénten. Dit werd maar
in 19% van de patiénten gezien met adequate dorso-ventrale reductie. De resultaten
van deze studie laten zien dat leeftijd van de patiént en fractuurrepositie belangrijke
voorspellers zijn voor reoperatie na interne fixatie van gedisloceerde collumfracturen.
In het preoperatieve plan, moet rekening worden gehouden met leeftijd van de patiént
en zal men moeten streven naar anatomische reductie. Bij patiénten ouder dan 75 moet
altijd een prothese worden geplaatst in het geval van een verplaatste collumfractuur. Bij
patiénten van 65-75 jaar, moet de conversie naar een hemi-arthroplastiek sterk worden
overwogen indien geen anatomische repositie mogelijk is.

Hoewel vaak voor de behandeling met een kophalsprothese wordt gekozen, is ook hier-
bij sprake van complicaties. Een heupluxatie wordt in 2 tot 6% van de patiénten met een
kophalsprothese na collumfractuur beschreven en is geassocieerd met een 6 maanden
mortaliteit tot 65%. Een juiste anteversie hoek van het implantaat is een belangrijke
factor in het voorkomen van de luxatie en in het algemeen wordt geadviseerd om de
prothese te positioneren met een anteversie hoek van 10-200. Het is echter onduidelijk
of de visuele inschatting van een chirurg tijdens het plaatsen van een kophalsprothese
betrouwbaar is en binnen de beoogde 10-20°. In Hoofdstuk 9 hebben we de kwaliteit
van de visuele schattingen van de anteversie door de chirurg tijdens de plaatsing van
een kophalsprothese beoordeeld. De postoperatieve anteversie van 20 achtereen-
volgens geplaatste kophalsprotheses werd gemeten met CT en vergeleken met de
intraoperatieve visuele schattingen van de chirurg. Bovendien werd de anteversie van
de contralaterale niet-gebroken heup, die werd beschouwd als de ‘ideale’ anatomische
referentie, gemeten. De resultaten tonen een gemiddelde postoperatieve anteversie
van de kophalsprothese van 20° (range 29°, SD 8.7). De gemiddelde femorale anteversie
van de contralaterale niet-geopereerde femur was 14° (range 44¢°, SD 9.5). Het gemid-
delde verschil tussen de anteversie hoek geschat door de chirurg en de CT-gemeten
was 9° (1° tot 18°). In 14 (70%) gevallen was de gemeten hoek groter dan gewenst. Wij
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concludeerden in deze studie dat er sprake is van een tamelijk goede intraoperatieve
precisie met betrekking tot de antversiehoek, bij het plaatsen van een kophalsprothese.
In Hoofdstuk 10 is een literatuuroverzicht van de huidige inzichten over de conser-
vatieve behandeling van niet-gedisloceerde collumfracturen. Niet-gedisloceerde
collumfracturen worden doorgaans kopsparend behandeld en intern gefixeerd. In de
huidige richtlijn wordt vermeld dat conservatieve behandeling van niet-gedisloceerde
(geinclaveerde) collumfracturen kan overwogen bij patiénten met een ‘gezond’
patiéntenprofiel en bij patiénten die de gebroken heup reeds hebben belast. Uit het lit-
eratuuroverzicht blijkt dat de conservatieve behandeling van een patiént met een gein-
claveerde collumfractuur faalt in ongeveer 30% van de gevallen. In de meeste gevallen
zal de patiént waarbij conservatieve behandeling heeft gefaald, een kophalsprothese
of totale heup prothese krijgen. De plaatsing van een kophalsprothese heeft een hoger
chirurgisch en anaesthesiologisch operatierisico in vergelijking met de interne fixatie
van de niet-gedisloceerde collumfractuur. Gezien de kwaliteit van de operatietech-
nieken en verbetering van perioperatieve zorg is het operatierisico beperkt en moet
sterk worden overwogen een niet-gedisloceerde collumfractuur bij alle patiénten met
een levensverwachting langer dan 2 weken, direct intern te fixeren.
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