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ABSTRACT
The worldwide increase in hip fractures is a major challenge to the health care system
and society. The proper treatment of femoral neck fractures in the elderly is still con-
troversial, and even more so from an international perspective. Optimising the treat-
ment for improved outcomes and a reduced need for secondary surgery is mandatory
for humanitarian and economical reasons. The importance of incorporating the patient’s
perspective of the outcome in clinical trials has been acknowledged and there are now
numerous instruments for assessing the quality of life. We evaluated two quality of life
instruments, the EQ-5D and the SF-36, in patients with femoral neck fractures and also
measured the quality of life two years after different interventions.

The EQ-5D was validated in two prospective studies and it appeared to be an appro-
priate quality of life instrument in elderly patients with femoral neck fractures. There
was a good correlation between the quality of life (EQ-5D index scores) and other out-
come measures such as pain, mobility and independence in activities of daily living
(ADL). The results also showed high responsiveness, i.e., ability to capture clinically
important changes, for both the EQ-5D and the SF-36. The questionnaire response rate
for both instruments was high.

The rated prefracture EQ-5D index scores showed good correspondence with the
scores of an age-matched Swedish reference population. The quality of life in patients
with femoral neck fractures treated with internal fixation (IF) decreased, particularly in
patients with fracture healing complications. The fracture healing complications rate at
two years in patients with displaced femoral neck fractures treated with IF was 36%
compared with 7% in patients with undisplaced fractures. The quality of life of patients
with uneventfully healed fractures at two year was lower in patients with primary dis-
placed fractures than in patients with primary undisplaced fractures.

In a prospective randomised trial, patients with displaced femoral neck fractures
were randomised to IF or total hip replacement (THR). IF resulted in more complica-
tions than THR, 36% versus 4%, and necessitated more reoperations, 42% versus 4%.
Hip function and quality of life (EQ-5D) were generally better in the THR group. In
summary, THR yielded a better outcome than IF for an elderly, relatively healthy, lucid
patient with a displaced femoral neck fracture.

In a study of elderly women with femoral neck fractures, nearly half of the patients
displayed signs of protein-energy malnutrition. Underweight was associated with mus-
cle fatigue, cognitive dysfunction and a low quality of life (Nottingham Health Profile).

In a prospective randomised trial, protein-rich liquid supplementation in combina-
tion with an anabolic steroid given for 6 months to lean elderly women after a femo-
ral neck fracture was shown to positively affect lean body mass, ADL and quality of
life (EQ-5D). Fracture healing complications had a negative impact on body weight,
lean body mass and quality of life.

Key words: Femoral neck fractures; Aged; Quality of life; Treatment outcome;
Fracture fixation, internal; Arthroplasty, replacement, hip; Nutritional disorder; Ana-
bolic steroids.
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LIST OF ABBREVIATIONS

AMC Arm muscle circumference
BW Body weight
EC External criterion
EQ-5D The 5-dimensional scale of the EuroQol
EQ-5D index score The quality of life score generated from the EQ-5D
HGS Hand grip strength
HRQoL Health-related quality of life
IF Internal fixation
IGF-1 Insulin-like growth factor 1
IGFBP-1 IGF binding protein 1

LBM Lean body mass
NHP Nottingham Health Profile
PEM Protein-energy malnutrition
RCT Randomised controlled trial
SF-36 Short Form 36
SPMSQ Short Portable Mental Status Questionnaire
THR Total hip replacement
TSF Triceps skinfold thickness
95%CI 95% Confidence interval
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INTRODUCTION
The incidence of hip fractures is increasing and the annual number worldwide is esti-
mated to rise from 1.7 million in 1990 to 6.3 million by the year 2050 (1). This will be
a major challenge to the health care system and society. Most hip fractures are related
to osteoporosis (2). The cumulated risk for hip fracture is 20% for an 80-year-old
woman and almost 50% for a 90-year-old woman (3). Displaced femoral neck fractures
(Garden III and IV) (4) differ from undisplaced fractures (Garden I and II) and from the
other main group of hip fractures, the trochanteric fractures, with regard to the high in-
cidence of fracture healing complications. The proper surgical treatment of displaced
femoral neck fractures in the elderly is still controversial in Sweden, and even more so
from an international perspective. Optimising the treatment for improved outcome and
a reduced need for secondary surgery is therefore mandatory.

In many studies on hip fractures, the outcome of treatment has been defined in terms
of complications or specific hip scores (5-17). Quality of life as an outcome measure is
rarely used. Quality of life assessment may, however, add a further dimension to con-
ventional outcome measures, i.e. it may display the impact of the injury on other areas
of life from the patient’s perspective. In addition, some of the instruments, e.g. the Eu-
roQol (EQ-5D) (18), are preference-based and generate an overall score from which it
is possible to construct quality-adjusted-life years (QALYs), a measure frequently used
in health economic cost-effectiveness analyses (19).

Fracture healing complications and reoperations after internal fixation (IF) of dis-
placed femoral neck fractures are common (5-8, 10-17, 20) in spite of an improved
surgical technique. Yet, IF is still recommended as primary treatment in Sweden (21).
The rationale of this concept is to salvage the hip of patients in whom the fracture
heals and perform secondary arthroplasties in those patients sustaining a fracture
healing complication, thereby, it is thought, avoiding unnecessary surgery. Primary
arthroplasties (hemi, i.e., when only the femoral component is replaced, or total, i.e.,
when the acetabulum also is replaced) have been more prevalent in the UK, on the
European continent and in North America, no doubt partly because of economic in-
centives. Total hip replacement (THR) is well documented in osteoarthritis and rheu-
matoid arthritis and has also been used as a primary procedure in displaced femoral
neck fractures (16, 20, 22-25). The major drawback after hip fracture has been the
high dislocation rates (16, 20, 22, 24, 25). There are a few randomised controlled tri-
als (RCT) (16, 17, 22, 23, 25) comparing IF and THR and none of them evaluate the
quality of life. Obtaining reliable data is crucial for establishing evidence-based
treatment algorithms for this vast group of patients and a new Cochrane review based
on randomised trials is currently being performed (26).

Protein-energy malnutrition (PEM) is found in 30-50% of hip fracture patients (27).
The combination of PEM-related factors such as muscle atrophy, lack of subcutaneous
fat, and osteoporosis makes the elderly more prone to falls (28), the cushioning capac-
ity of the subcutaneous tissue diminishes (29) and the osteoporotic skeleton fractures
more easily. Poor nutritional status complicates rehabilitation after a fracture (27, 30)
and postoperative rehabilitation is facilitated by actively improving nutritional intake
(30, 31).
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QUALITY OF LIFE

“Quality of life is defined as an individual’s perception of their position in life in the
context of the culture and value systems in which they live and in relation to their goals,
expectations, standard and concerns. It is a broad ranging concept affected in a complex
way by the person’s physical health, psychological state, level of independence, social
relationships, and their relationship to salient features of their environment.” (WHO-
QOL group, 1993). This definition of quality of life emphasises the multifaceted do-
mains of physical, psychological and social functioning. The definition of health also
clearly states that health is more than just absence of disease or disability but also in-
cludes dimensions of physical health, psychological well-being and life satisfaction.
Health-related quality of life compared to quality of life focuses more on the impact of
a perceived health state, as a result of an injury or illness, on the ability to live a fulfill-
ing life. The terms are often used interchangeably and, for the sake of simplicity, we
hereafter will use the term quality of life.

There is a growing opinion that measures of quality of life should be used to evalu-
ate health-care interventions (32). It is argued that what really matters is how the patient
feels, rather than how doctors think they ought to feel on the basis of clinical measure-
ments. The quality of life assessment can, then, serve as a complement to conventional
outcome measures in orthopaedic surgery, such as fracture-healing complications, re-
operations and mortality, and also as a complement to disease-specific outcome instru-
ments, e.g. scores evaluating hip function.

The quality of life measures can be divided into four main categories.
1. Dimension or domain-specific measures that focus on particular aspects of health.
2. Disease or population-specific measures that focus on a particular health problem.
3. Generic measures that can be used across different patient populations and usually

several domains, e.g. the SF-36 (33, 34) and the Nottingham Health Profile (NHP)
(35).

4. Utility measures, which have been developed for economic evaluations, incorporate
a preference for health states and produce a single index, e.g. the EuroQol (EQ-5D)
(18) that can also be used to construct quality-adjusted-life years (QALYs).

The instruments used in this study cover several dimensions that partly overlap and
display different aspects of the quality of life (Table 1).

Table 1. Dimensions of quality of life in instruments (18, 33 - 35).

EQ-5D SF-36 NHP
Mobility Physical functioning Lack of energy
Self-care Role limitations due to physical function Pain
Usual activities Bodily pain Emotional reaction
Pain/discomfort General health Sleep disturbance
Anxiety/depression Vitality Social isolation

Social Functioning Physical mobility
Role limitations due to emotional problems
Mental health
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Quality of life in patients with femoral neck fractures

There are only a few studies evaluating the quality of life after a femoral neck fracture
on a longer time scale. Borgquist et al. (36) assessed the quality of life (Nottingham
Health Profile, NHP Part 1) in 61 patients with femoral neck fractures and 39 with tro-
chanteric fractures at 6 and 12 months and compared the quality of life scores with the
functional status (ADL and walking ability) at 4 months. They found that patients with
poor function at 4 months after the fracture had scores indicating a lower quality of life.

Coast et al. (37) and Van Balen et al. (38) reported an improvement in the quality of
life (EQ-5D and NHP) of hip fracture patients from after the fracture to the 3-4 month
follow-up.

Randell et al. (39) examined the change in the quality of life (SF-36) in 32 hip frac-
ture patients (type of fracture not stated). At 3 months there was a significant reduction
in quality of life in the domains Physical Functioning, Vitality and Social Functioning
compared to before the fracture (based on recall).

Nilsson et al. (40) investigated the quality of life (NHP parts I and II) more than five
years after surgery in a retrospective study on two matched groups of 28 patients with
femoral neck fractures treated with internal fixation or secondary total hip replacement
after failed primary internal fixation. Patients with healed fractures had fewer problems
with sleep, housework and hobbies, and thus functioned better than patients who had
required a secondary total hip replacement. However, the retrospective designs do not
allow any far-reaching conclusions.

SURGICAL INTERVENTION

Results after internal fixation (IF)

Fracture healing complications after femoral neck fracture in elderly patients treated
with IF are common. The complications are usually divided into non-union (including
early redisplacement or progressive displacement) and avascular necrosis (AVN).
However, the follow-up period has to be at least two years to reveal all healing compli-
cations.

The number of secondary arthroplasties after failed internal fixation is not accept-
able as a single outcome measure since the indications for an arthroplasty are nearly
always relative and must be balanced against surgical risks. This decision differs be-
tween surgeons and due to local therapeutic traditions and resources. There is also a
substantial risk that some of the patients with confirmed healing complications would
not be reoperated on during study periods due to health care waiting-times. Addition-
ally, some patients, especially patients with AVN, will later develop indications for hip
replacement due to progressive hip disability.

Undisplaced fractures have a lower complication rate than displaced fractures in
prospective studies with a two-year follow-up, ranging from 0% to 24 %, median 12%
(Table 2).

In displaced fractures, the complication rate in prospective studies with a two-year
follow-up ranges from 12% to 68%, median 42% (Table 3).
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Table 2. Fracture healing complications* and mortality** in undisplaced femoral neck
fractures treated with IF. Only prospective studies with at least a two-year follow-up.

First author Year Age*** n Non-union
(%)

AVN
(%)

Mortality
(%)

Strömqvist 1984 78 (52-95) 152 0 19 38
Strömqvist 1987 78 (19-98) 300 3 2 28
Elmerson 1988 79 (18-98) 223 9 7 33
Rehnberg 1989 82 (SD 8) 44 0 0 22
Holmberg 1990 79 220 9 15 28
Sernbo 1990 77 (SD 11) 410 15 6 30
Wihlborg 1990 77 (46-100) 200 7 11 25
Strömqvist 1992 78 (18-100) 626 4 3 31
Elmerson 1995 77 (50-99) 222 11 13 28
Lindequist 1995 78 72 0 0 23
Median 78 221 5.5 6.5 28
*    Percentage of healing complications in patients still alive at the two-year follow-up.
**   Mortality at two-years, if stated.
*** Mean and range or SD if stated in article.

Table 3.  Fracture healing complications* and mortality** in displaced femoral neck
fractures treated with IF. Only prospective studies with at least a two-year follow-up.

First author Year Age*** n Non-union
(%)

AVN
(%)

Mortality
(%)

Strömqvist 1984 78 (52-95) 152 33 19 38
Madsen 1987 75 (25-92) 104 27 8
Strömqvist 1987 78 (19-98) 300 26 9 28
Elmerson 1988 79 (18-98) 223 46 10 33
Rehnberg 1989 82 (SD 8) 44 0 12 22
Holmberg 1990 79 220 32 13 28
Sernbo 1990 77 (SD 11) 410 49 19 30
Wihlborg 1990 77 (46-100) 200 27 11 25
Strömqvist 1992 78 (18-100) 626 30 11 31
Elmerson 1995 77 (50-99) 222 42 20 28
Lindequist 1995 78 72 36 13 23
Johansson 2000**** 84 (75-96) 50 36 12 33
Rogmark 2002**** 82 (SD 6) 217 28 12 21
Median 78 217 30 12 28
*       Percentage of healing complications in patients still alive at two years.
**     Mortality at two-years, if stated.
***   Mean and range or SD if stated in article.
**** Complication rate among two-year survivors not stated, figures represent detected
         complications in all patients available.
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These data are in harmony with a well-performed meta-analysis (20) of 106 pub-
lished reports on more than 6000 patients. The complication rate after displaced femo-
ral neck fractures was 49%; early redisplacement and non-union, 33%, and AVN, 16%,
and the reoperation rate was 35%. The choice of implant was analysed in a meta-
analysis of 25 randomised trials in nearly 5000 patients (41). Screws appeared to be
superior to pins, but it was not possible to determine the type or numbers of screws.
The use of a side-plate appeared to be unnecessary.

In summary, most larger studies on displaced femoral neck fractures with a two-year
follow-up report fracture-healing complications in the range of 35-50%. And although
the criteria for fracture healing complications may vary somewhat, the natural history is
worse than generally perceived.

Results after total hip replacement (THR)

The main complication after a THR for a femoral neck fracture is dislocation. Deep in-
fections are rare in studies using modern surgical routines and antibiotic prophylactics
(16, 17, 22-25). There is a cumulative risk of revision due to aseptic loosening, but this
risk seems to be minor from a ten-year perspective. Ninety-eight percent of Swedish
hip fracture patients having undergone a THR were not revised after 11 years (42). The
expected mean survival of a 70-year-old Swedish woman is 16 years and of a male 13
years (43). This is confirmed by Ravikumar et al. (25) who found a 13-year revision
rate of 7 % after THR mainly due to recurrent dislocations and partly due to deep in-
fections, but with no case of aseptic loosening.

Table 4 shows the number of hip complications (dislocation and deep infections) in
prospective studies with at least a one-year follow-up. The study by Rogmark et al. (17)
is not included as the result after THR was not reported separately.

Table 4. Hip complications and mortality in displaced femoral neck fractures treated
with primary THR. Only prospective studies with at least a one-year follow-up are in-
cluded.

First
author

Year Age,
mean

n
(f/u)*

Dislocation
(%)

Infection
(%)

Approach Mortality
(%)

Skinner 1988 81 89 (1) 13 0 Post-lat 23
Jónsson 1996 80 23 (2) 9 0 Troch-ost 13
Johansson 2000 84 50 (2) 22 0 Post-lat 32
Neander 2000 78 43 (4) 14 0 Post-lat 19
Ravikumar 2000 81 89 (13) 20 2 Post-lat 81

* Follow-up time in years within brackets.
Post-lat = posterolateral. Ant-lat = anterolateral. Troch-ost = trochanteric osteotomy.

In the study by Johansson et al. (16), the dislocation rate was correlated with mental
dysfunction and the dislocation rate was 32% in patients with mental dysfunction com-
pared with 12% in lucid patients. The lowest dislocation rate was reported by Jónsson
et al. (23) using a trochanteric osteotomy approach. None of the prospective studies
used the anterolateral approach although there are some data indicating that this ap-
proach might give fewer dislocations (44, 45).
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In a meta-analysis (20), the median number of dislocations in primary THR was
11% (95% CI 0-18) and no significant difference between surgical approaches could be
shown, although the short-term mortality was lower in patients operated on using the
anterior approach. The median number of deep infections was 1 % (95% CI 0-3).

Studies comparing IF and THR

In prospective randomised studies comparing IF and THR (16, 23), including the study
by Neander et al. which is partly randomised and partly allocated (24), the number of
reoperations is reduced in the THR group compared with the IF group. However, in the
study by Johansson et al. (16), this difference was almost levelled out due to the large
number of dislocations. The functional outcome is generally better in the THR group,
but an analysis comparing patients with uneventful outcomes in both groups is lacking,
i.e., how does a THR compare with an uneventfully healed femoral neck fracture at the
two-year follow-up? In addition, none of these studies evaluates the quality of life. The
conclusion drawn from these studies is that THR should be used as a selective primary
treatment for relatively healthy elderly patients without mental dysfunction.

Studies comparing THR and hemiarthroplasty

Hemiarthroplasty has been used for a long time in the treatment of femoral neck frac-
tures. Several designs have been used but the main groups are unipolar, where the head
of the prosthesis articulates directly with the acetabulum, and bipolar, where an articu-
lating joint is included in order to reduce acetabular wear. Both can be used with or
without bone cement. Most unipolar prostheses are of older design and the most fre-
quently used ones are still the Moore (46) and the Thompson prostheses (47), two vin-
tage models from the 1950s.

The bipolar prostheses are gaining increasing popularity in the treatment of femoral
neck fractures perhaps due to the theoretical advantages of a reduced risk of acetabular
wear. There are a number of stem designs, e.g., older ones like the Thompson bipolar
and more modern ones like the Charnley-Hastings design, which combines a relatively
modern stem design for cemented use with a bipolar head. There are also systems using
a modular cemented stem like the Exeter Bicentric. Modern stems for press fit fixation
are rarely used in this patient group.

There are few well performed randomised trials with an adequate follow-up com-
paring cemented versus uncemented hemiarthroplasty, unipolar versus bipolar and
hemiarthroplasty versus THR. There are some indications that the use of cement in
hemiarthroplasty reduces pain, improves walking ability and reduces the need for revi-
sion surgery (48), but sufficient data for choosing prosthetic designs are still lacking.

Studies comparing IF, THR and hemiarthroplasty

In a recent multicentre RCT (17), IF was compared with primary hip arthroplasty. 384
patients were randomised to IF or hip arthroplasty (THR or hemiarthroplasty − bipolar
or unipolar). The choice of arthroplasty method was made using a score reflecting the
patient’s age, living conditions, walking ability and mental status (Sernbo score). The
overall conclusion was that the arthroplasty group had fewer complications, less pain,
and better walking ability than the IF group. The dislocation rate was 8% but, for some
reason, only those with more than one dislocation were reported. Unfortunately, the
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outcome in the THR group is not reported separately, probably because the inclusion
criteria make the arthroplasty groups incomparable. The authors recommend primary
arthroplasty for displaced femoral neck fractures in patients over 70. The choice of ar-
throplasty, hemi- or total, should be based on age, functional demands and mental
function. A potential problem regarding generalisability is that mental function was
classified as alert or slight confusion and was not based on a validated score on cogni-
tive function and is therefore uncertain.

The good long-term outcome after THR has been confirmed in a recent study (25)
on the 13-year follow-up of the same population as in the study by Skinner et al. (22).
290 patients, age > 65, with a displaced femoral neck fracture were randomised to IF
with a sliding compression screw plate, uncemented Moore hemiarthroplasty or THR.
After 13 years there was no difference in mortality. The IF, hemiarthroplasty and THR
groups had a revision rate of 33%, 24% and 7%, respectively. The dislocation rates
following hemiarthroplasty and THR were 13% and 20%. The average Harris hip
scores (100 is optimal) were 62, 55 and 80 for the IF, hemiarthroplasty and THR
groups. The conclusion drawn was that THR should be considered in active elderly pa-
tients with a displaced femoral neck fracture.

NUTRITIONAL ASSESSMENT AND ANABOLIC INTERVENTION

Several studies have evaluated the effect of nutritional treatment after hip fracture (30,
31, 49-53). The results are not consistent, but most studies show a positive effect on
either anthropometric or biochemical indicators (30, 49, 52) or on functional measures
(30, 31, 50, 52), whereas some of the previous nutrition intervention studies did not re-
port any major beneficial effects (53). It has been suggested that protein has anabolic
effects which differ from those of other nutrients (50). Growth factors, e.g. anabolic
steroids, testosterone and growth hormone, have been tested in widely varying clinical
conditions and may be beneficial (54-56). For example, nandrolone administered for
one year to hip fracture patients reduced the wasting of muscle and bone and improved
hip function (57).

STATING THE PROBLEM

A hip fracture, especially a displaced femoral neck fracture, is probably the most
devastating consequence of osteoporosis in the increasing elderly population. Health
care reforms in many countries, e.g., Sweden, seem to focus on hospital costs with a
tendency to rewarding fast and simple surgical procedures and abandoning qualified
long-term follow-ups. Revision surgery for healing complications has been replaced by
waiting lists, walking aids, household help, sheltered housing and institutional care.
The economic system encourages cost-evasive behaviour. This is especially unfortu-
nate for elderly patients who are not as prone to complain as younger generations. It is
also a waste of resources as low hospital costs are not synonymous with low costs to
society and for the patients.

Comprehensive future treatment guidelines should be based on evidence, necessi-
tating a differentiated approach toward hip fracture patients. The hip fracture popula-
tion consists of several subpopulations with different health states, differing functional
demands and differing expectations for the quality of life. The patient’s opinion should
be incorporated in the outcome analysis and the quality-of-life data generated after dif-
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ferent interventions should also be used in future health economic cost-effectiveness
analyses.

The quality of life instruments have not been fully evaluated in hip fracture patients
and the quality of life after a femoral neck fracture on a longer time scale has not been
reported. Reports on the outcome after a displaced femoral neck fracture comparing
THR and IF, including a quality-of-life assessment, are lacking. The influence of the
nutritional status on the quality of life in hip fracture patients has not been reported, nor
has the effect of anabolic intervention, including a quality-of-life assessment.
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AIMS OF THE STUDIES

To evaluate the EQ-5D as an outcome measure after femoral neck fractures in elderly
patients. (Study I)

To evaluate the quality of life (EQ-5D) after femoral neck fracture in elderly patients
treated with internal fixation. (Study I)

To evaluate differences in functional outcome and the quality of life (EQ-5D) between
undisplaced and displaced femoral neck fractures in elderly patients treated with inter-
nal fixation. (Study II)

To evaluate the responsiveness of the EQ-5D and SF-36 instruments, i.e. their ability to
capture clinically important changes in elderly patients with a displaced femoral neck
fracture. (Study III)

To evaluate the outcome regarding hip complications, reoperations, hip function and
quality of life (EQ-5D) in elderly patients with displaced femoral neck fractures ran-
domised to internal fixation or total hip replacement. (Study IV)

To evaluate the nutritional status and its relation to cognitive and physical function and
the quality of life (NHP) in elderly female patients with femoral neck fracture.
(Study V)

To assess whether nutritional treatment, alone or in combination with the anabolic ster-
oid nandrolone, could positively affect the postoperative course regarding nutritional
and functional status and the quality of life (EQ-5D). (Study VI)

To assess whether fracture healing complications have an impact on nutritional status.
(Study VI)
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PATIENTS
ETHICS

All studies conformed to the Helsinki Declaration and the protocol was approved by the
local Ethics Committee. All patients gave their informed consent before inclusion.

STUDIES I & II

Patients and inclusion criteria

Ninety patients (66 females, 73%), mean age 80 (SD±7) years, with an acute femoral
neck fracture after a fall were included in a prospective study. The inclusion criteria
were age > 65, independent living, unhindered walking ability and absence of severe
cognitive dysfunction (Short Portable Mental Questionnaire, SPMSQ ≥ 3) (58). Pa-
tients with fractures not suitable for internal fixation (IF) were not included. The frac-
tures were classified as undisplaced  (Garden I and II) or displaced (Garden III and IV)
(59). All fractures were internally fixed with two cannulated screws (IF).

Follow-up

The patients were followed up at 1 week, at 4 months and after a minimum of 12 (mean
17 months). Sixty-five patients treated with IF were available at the final follow-up (2
had primary arthroplasties), 18 were deceased and 5 were lost to follow-up (Study I).

Patients with an uneventfully healing fracture, i.e. no signs of non-union or avascu-
lar necrosis, at the final follow-up in Study I and those lost to follow-up in Study I were
scheduled for a follow-up after a minimum of 24 months (mean 26 months). Forty-two
patients with an uneventfully healed fracture after IF were analysed (2 had primary ar-
throplasties), 17 had fracture healing complications, 25 were deceased and 4 were lost
to follow-up (Study II).

STUDIES III & IV

Patients and inclusion criteria

One hundred and ten patients (87 females, 79%), mean age 80 (SD±6) years, with an
acute displaced femoral neck fracture after a fall were entered in the study. Inclusion
criteria: age ≥ 70, absence of severe cognitive dysfunction (SPMSQ ≥ 3), independent
living status and independent walking capability. Patients with fractures not suitable
for IF were not included. After clearance by an anaesthetist, the patients were ran-
domised (opaque sealed envelope technique) to IF with 2 cannulated screws or to a
primary total hip replacement (THR). Two patients with aortic valve stenosis were
initially cleared by the anaesthetist for surgery and randomised but, after a more thor-
ough examination, they were considered unfit for a THR and were therefore ex-
cluded. One patient developed urosepsis while waiting for surgery and was excluded.
Two patients were excluded postoperatively because of diagnosed rheumatoid arthri-
tis, although not affecting the hip joint. Three patients changed their mind after ran-
domisation and refused to participate. Thus 102 patients remained, 53 patients in the
IF group and 49 in the THR group.
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Follow-up

The patients were summoned at 4 (mean 4.3), 12 (mean 12.4) and 24 (mean 24.2)
months for a clinical and radiographic examination. The 4-month results were analysed
regarding the responsiveness for the EQ-5D and SF-36 instruments (Study III). At the
4-month follow-up (mean 4.3), 3 patients were deceased and another 4 were lost to
follow-up, leaving a total of 95 patients available.

The 4-12-(mean 12.4) and 24-(mean 24.2) month results were analysed regarding
hip complications, reoperations, hip function and the quality of life (EQ-5D). At the
final follow-up, 84 patients were available, 15 were deceased and 3 were lost to follow-
up (Study IV).

STUDIES V & VI

Patients and inclusion criteria

Forty-two women, mean age 80 (SD±7) years, with a femoral neck fracture treated with
IF were entered in a pilot study. All data were obtained during the stay in hospital
(Study V).

Sixty women, mean age 83 years (SD± 5), with an acute femoral neck fracture were
included. The inclusion criteria were age ≥ 70 years, body mass index (BMI) <24
kg/m2, absence of severe cognitive dysfunction (SPMSQ ≥ 3), independent living status
and independent walking capability. Patients with fractures not suitable for IF were not
included. The type of fracture was analysed and recorded as undisplaced or displaced.
All patients were treated with IF using two cannulated screws. The patients were ran-
domised by the opaque sealed envelope method to open treatment during 6 months.
The first group received a protein-rich formula (Fortimel, 200-400 ml/day, 20-40 g
protein/day), i.e. nutrition (N). The second group was prescribed the same formula, but
in combination with nandrolone (Deca-Durabol 25 mg i.m./ every 3 weeks), i.e. com-
bined therapy (CT), and the third group received standard treatment, i.e. controls (C).
One patient in the CT group changed her mind after inclusion and was accordingly ex-
cluded from follow-up. Two patients died and 5 refused to attend the follow-up, giving
a total of 52 out of 59 patients available at the final follow-up (Study VI).

Follow-up

The patients in Study VI were re-examined after 6 (mean 6.2) and 12 (mean 12.1)
months.
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Figure 1. Garden’s classification.
Ortopedi, U Lindgren, O Svensson ; 2nd ed,  Liber
Stockholm. With the permission of the authors.

METHODS
AGE AND SEX

All patients included were elderly, the inclusion criteria in Studies I and II being > 65
years of age, in Studies III, IV and VI ≥ 70 and finally in Study V > 70 years of age. This
resulted in a mean age of 80 in Studies I-V, which is slightly higher than in most studies
on patients with femoral neck fractures (5-17) due to the exclusion of younger and
middle-aged patients. The higher age, mean 83, in Study 6 reflects the inclusion criteria
selecting lean /malnourished (BMI <24 kg/m2) women with a higher frequency of co-
morbidity.

In Study I-IV, including both sexes, the proportion of women was 73% (Studies I
and II) and 79% (Studies III and IV). This is also comparable to most other studies on
patients with femoral neck fractures in which 75% of the patients are usually females
(5-17). In Studies V and VI, we chose to include only women as they are most prone to
be malnourished among elderly hip fracture patients.

RANDOMISATION

The randomisation in Studies III, IV and VI were performed with numbered, opaque,
sealed envelopes.

FRACTURE CLASSIFICATION

All patients had femoral neck fractures and the fractures were classified as undisplaced
(Garden I and II) or displaced
(Garden III and IV) according
to the Garden classification
(4). The classification is based
on the displacement in the
frontal projection (Charnley’s
description within brackets).
Stage I: valgus impacted
fracture (incomplete fracture).
Stage II: undisplaced fracture
(complete fracture without
displacement).
Stage III: partially displaced
fracture (complete fracture
with partial displacement).
Stage IV: fully displaced
fracture (complete fracture
with full displacement) (Figure
1). The inter-observer variation
(60) and the intra-inter-
observer variation (61) have

been assessed and showed poor agreement in distinguishing between stage I vs. II and
stage III vs. IV. The agreement was acceptable or good (kappa = 0.68) on reducing
Garden’s system to undisplaced (Stages I and II) and displaced fractures (Stages III and
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IV). The breakdown of the fractures into Garden stage III and stage IV does not seem
to have any predictive value in determining the quality of the reduction achieved or the
incidence of non-union (62). The classification used for dividing the femoral neck
fractures into undisplaced (Garden I and II) (Figure 2) and displaced (Garden II and IV)
(Figure 3) is by far the most frequently used one and determines the prognosis for
fracture healing complications, which differs considerably between the two groups; see
Introduction, Surgical intervention, Results after internal fixation.

CO-MORBIDITY

The Ceder scale (63) categorises the patient as A if she is fully healthy except for the
hip fracture and as B if she suffers from another illness not affecting rehabilitation (e.g.
hypertension) or as C if she has another illness that affects the rehabilitation (e.g. status
after a stroke or Parkinson’s disease).

ANAESTHESIOLOGICAL ASSESSMENT

All patients were assessed by the anaesthetist before surgery. In Studies III and IV, the
assessment included a decision as to whether the patient was fit enough for a total hip
replacements (THR). This assessment was always made before randomisation.

COGNITIVE FUNCTION

The SPMSQ (Short Portable Mental Questionnaire) (58) was used to evaluate cognitive
function. According to the SPMSQ, patients are classified into four categories: lucid (0-
2 errors), mild (3-4 errors), moderate (5-7 errors) or severe (8-10 errors) cognitive im-
pairment. Our inclusion criteria in Studies I-IV and VI (three or more correct answers
on the ten-item scale) exclude only patients with severe cognitive impairment. In Study
V, patients with severe cognitive dysfunction were also included, but patients with < 4
correct answers did not participate in the quality-of-life analysis.

SOCIAL SITUATION

In Studies I-IV and VI, all patients came from independent living conditions, i.e. they
were not institutionalised. Old people’s homes and blocks of service flats were re-

Figure 2.  Undisplaced fracture Figure 3. Displaced fracture
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garded as an independent living condition. In Study V, some patients from nursing
homes were also included and the term “sheltered housing” refers to old people’s
homes, blocks of service flats and nursing homes.

The need for household help from the community and relatives was assessed in
Studies I-III, and also the weekly number of hours of help in Study II.

FUNCTIONAL STATUS

Charnley Hip Score

Charnley’s classification (64) was used to evaluate hip function in Studies III and IV.
The classification defines the clinical state of the affected hip joint in three dimensions:
Pain (at the hip), Movement (hip motion) and Walking (ability to walk). Each dimen-
sion is graded from 1 to 6 with 1 = total disability and 6 = normal state (Table 5).

Table 5. Charnley’s numerical classification of the clinical state of the affected hip
joint.

Pain Movement Walking
1 Severe and spontaneous 0-30° Few meters or bedridden
2 Severe on attempting to walk,

prevents all activity
60° Time and distance very limited

with or without walking aids
3 Tolerable, permitting limited ac-

tivity
100° Limited with walking aids, diffi-

cult without. Able to stand long
periods

4 Only after some activity, disap-
pears quickly with rest

160° Long distance with walking aids,
limited without

5 Slight or intermittent, pain on
starting to walk but getting less
with normal activity

210° No walking aids, walks with a
limp

6 No pain 260° Normal

The original presentation of the score was used in Study IV. In Study III, only the values
of the pain score were used and, in order to facilitate understanding, they were pre-
sented inverted (0-5), i.e. the value 6 (no pain) was given the value of 0 and accordingly
value 1 (severe and spontaneous pain) was given the value 5 and so on.

Although the Charnley hip score is an ordinal variable, the values were presented as
mean values and the same approach was used by Charnley (64). In order to make the
presentation more complete, the percentage of patients with the best scores, 5 and 6, in
each dimension is also displayed (Study IV).

Pain, VAS

In Studies I and II, pain while walking was assessed on a visual analogue scale (VAS 0-
100 mm, 0 = no pain) and scores over 30 mm were regarded as substantial pain (65).
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Mobility

In Studies I-IV and VI, all patients had unhindered walking ability preoperatively (i.e.
being able to walk either independently or with a walking device). In Study V some
non-ambulatory patients were also included. In the outcome analysis, the need for
walking aids was dichotomised: with or without a walking aid (Study I), no walking aid
or just one stick versus more than one stick (Studies II, III and V). In Study IV, the
Walking dimension from the Charnely Hip Score was used (Table 5).

In Study II, the walking ability was also assessed by a functional mobility test, ”Up
& Go”: the time it takes to rise from an armchair, walk 6 meters and then sit down
again (66) and the patients also rated their walking ability compared to before the frac-
ture as unchanged or worse.

ADL

The activities of daily living (ADL) status was assessed according to Katz (67). The
Katz index is based on an evaluation of the functional independence or dependence of
patients in bathing, dressing, going to the toilet, transferring, continence and feeding.
ADL index A indicates independence in all six functions, index B independence in all
but one of the six functions. Indexes C-G indicate dependence in bathing and at least
one more function.

Handgrip strength (HGS)

In Studies V and VI, muscle function was determined from handgrip strength (HGS,
Harpenden Hand Grip Dynamometer) (68). Three consecutive measurements were
done in the dominant hand and the mean value was calculated.

NUTRITIONAL STATUS

Anthropometric assessment

Body mass index (BMI) (Study V and VI) was calculated according to the formula
weight (kg) / height (m)2. The patients were weighed on the first postoperative day (sit-
ting) and their heel-skull height was measured while stretched in a supine position. In
order to test the reliability of supine measurements of height, we compared such regis-
trations of height with standing height (6 months postoperatively) in a similar group of
19 patients with a hip fracture. These two measurements correlated significantly at a
high level (r=0.94, p<0.001) (Study V). The weight measurements at follow-up utilised
the same equipment (Study VI).

Arm muscle circumference (AMC) (Studies V and VI) is an estimate of muscle mass
and was calculated from the mid arm circumference (MAC) and triceps skinfold thick-
ness (TSF) according to the formula: AMC in cm = MAC – 0.1 (π x TSF) (69). Three
consecutive measurements of AMC were done and the mean value was calculated.

The TSF (Studies V and VI) is an estimate of fat tissue and was measured with Har-
penden® callipers (69). Three consecutive measurements of TSF were done and the
mean value was calculated.
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Biochemical tests

Insulin-like growth factor-1 (IGF-1), a peripheral mediator of growth hormone, has
anabolic properties (70) and nutrition is a main denominator of IGF-1 activity (Studies
V and VI). Serum concentrations of the anabolic hormone IGF-1 were determined by
RIA after serum had been acid-ethanol-extracted and cryoprecipitated (71). The refer-
ence range (i.e.± 2 SD) for IGF-1 is 75-180 µg/l for subjects 75 years and older as de-
termined in a reference population (72).

Serum levels of IGFBP-1 were determined according to Povoa et al.(73) (Studies V
and VI). Serum levels of IGFBP-1 are inversely correlated with free IGF-1 (74).

A decreased ratio between IGF-1 and IGFBP-1 has been suggested as a possible
biochemical marker for malnutrition (75). A IGF1/IGFBP-1 ratio of  < 5 was chosen to
indicate a catabolic state (Studies V and VI).

Inflammatory status was assessed by C-reactive protein (CRP) according to the rou-
tine method of the chemist laboratory of the hospital, i.e. on Hitachi equipment using
reagents from Boehringer-Mannheim, Mannheim, Germany, reference value <10 mg/l
(Studies V and VI).

Dual X-ray absorptiometry (DXA)

Dual energy X-ray absorptiometry (DXA, Lunar DPX-L) (76) was used to assess body
composition, i.e. fat mass and lean body mass (Study VI). This technique exploits the
different tissues’ varying attenuation of transmitted photons of two different energies
and is measured via non-invasive total body scanning.

Varia

Appetite was assessed in Study V and recorded as normal, partly disturbed and severely
disturbed and whether the status of the teeth affected food intake or not.

The patients were also asked to evaluate their mood according to a 7-point scale
ranging from -3 (very sad all the time) to +3 (very happy all the time) (77).

QUALITY OF LIFE

The quality-of-life instruments used in these studies were the EuroQol (EQ-5D) (Stud-
ies I-IV and VI), the Short-Form 36 (SF-36, Swedish acute version) (Study III) and the
Nottingham Health Profile (NHP) (Study V). They are all self-administered and were
handed to the patients during their hospital stay and sent to them a couple of weeks be-
fore the scheduled follow-up.

EuroQol (EQ-5D)

The EuroQol (18) is a standardised non-disease-specific instrument (utility measure)
for describing and evaluating the quality of life. The EuroQol consists of four compo-
nents, the first two of which, the health status part (EQ-5D) and the visual analogue
scale (EQ-VAS), are used for data collection. The last two, the valuation part and the
background data, are designed for valuation of the different states of health.

The first part, the health status profile, EQ-5D, was used in Studies I-IV and VI. The
EQ-5D has five dimensions: mobility, self-care, usual activities, pain/discomfort and
anxiety/depression. Each dimension is divided into three degrees of severity: no prob-
lem, some problems and major problems. The EQ-5D has been used in several clinical
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trials in different fields of medicine (78-81), including hip fracture patients (37), and
has been found to have acceptable reliability and validity.

The second part is a 20-cm visual analogue scale, the EQ-VAS, on which the re-
spondent is asked to mark his or her own current state of health on a thermometer-like
line calibrated from 0 to 100. The EQ-VAS was used in Studies I and II and our experi-
ence was that it was difficult for elderly patients to understand it and the response rate
for the EQ-VAS was lower (78-91%) compared to the EQ-5D (89-100%) (unpublished
data).

The third and fourth parts of the EQ are designed for valuing the 245 (35 +2) possi-
ble states (for completeness, “unconscious” and “dead” have been added) for the speci-
fied populations. Dolan et al. (82) used the Time Trade-Off (TTO) method to rate these
different states of health in a large UK population (UK EQ-5D Index Tariff). We used
the preference scores (EQ-5D index scores) generated from this population when calcu-
lating the scores for our study population. A value of 0.00 indicated worst possible state
(dead or a health state worse than dead) and a value of 1.00 indicated best possible state
(full health). This is a divergence from the UK EQ-5D Index Tariff where some health
states were given a negative score. The appropriate scaling of negative scores is contro-
versial (83) and the same approach was used when generating the values for an age-
matched Swedish reference population(84). In order to evaluate recall bias, the rated
prefracture EQ-5D index scores were compared to the scores of an age-matched Swedish
reference population (84) in Studies I, III, IV and VI.

Short form 36 (SF-36)

The SF-36 (33, 34) is a quality of life rating instrument (generic measure) com-
prising 36 statements concerning physical and mental dysfunction. The SF-36 has
been widely used and its validity and reliability have been shown to be acceptable in
a Swedish population (85). The results for 35 of the 36 questions are aggregated into
8 subscores, i.e. Physical Functioning, Role limitations due to Physical function,
Bodily Pain, General Health, Vitality, Social Functioning, Role limitations due to
Emotional problems and Mental Health. The raw values of the 8 subscores are trans-
formed and the final subscores for each category range from 0 to 100 (optimal). In
Study III, an overall (global) SF-36 score was calculated by summating the eight di-
mensions and dividing by 8. We chose not to use question no.2, Health Transition
(the HT item), from the global score since this dimension is a single item ranging
from 1 to 5, whereas the other eight dimensions constitute multi-item scales in the 1-
100 range. Our intention was to create a global measure of the quality of life even
though the clinical importance of each of the eight dimensions probably differs for
different individuals (86). A similar approach, although not recommended by the de-
velopers, has been used in other clinical studies (86-88). Another approach, not used
in this study, is to construct two summaries, Physical (PCS) and Mental (MSC) Com-
ponent (89). The reason for not using that approach was that the aim of the study was
to evaluate the responsiveness of the global scores (EQ-5D and SF-36) and some of
the subscores (SF-36 Physical Functioning and Bodily Pain) relevant to hip fracture
patients.
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Nottingham Health Profile (NHP)

The NHP is a two-part questionnaire (35) (generic measure). Part I, which was used in
Study V, consists of 38 questions and measures discomfort or distress in six areas of
daily life, namely, lack of energy, pain, emotional reaction, sleep disturbance, social
isolation and physical mobility. The answer to each question is given a certain number
of points, inversely related to the quality of life, according to a predetermined scale
(90). After summing up the points for the answers, a score from 0 (no problem) up to
100 (worst possible) is obtained in each of the six areas. An overall score, although not
recommended by the inventors, was calculated from the sum of the scores divided by 6.
The same approach has been used by others (87), including the developers of the
Swedish version (91). The NHP has been widely used, e.g. to characterise the quality of
life of patients with arthritis of the hip joint (92) and myocardial infarction (90) and has
been shown to have high validity and reliability (93, 94).

Recall bias

In the quality-of-life analysis (Studies I, III, IV and VI), we chose to compare the fol-
low-up data with the preinjury data as assessed by the patients 1-2 days after the injury
had occurred. The patients’ ability to correctly recall their quality of life before the hip
fracture may be questioned. However, as it is almost impossible to prospectively collect
quality of life baseline data for a specific injury population, the alternative methods of-
ten used are preinjury recall, as in this and other trauma studies (95), and / or the use of
population values. The rated prefracture EQ-5D index scores of our patients were com-
pared with the values of an age-matched Swedish reference population (84) (Table 6).
The reason why this was not done in Study II was that the data on the reference popula-
tion had neither been published nor was available at that time but, on the other hand,
the study population in Studies I and II are the same. The study population in Study V
was also compared with an age and sex-matched reference population (91).

Table 6. EQ-5D index scores for an age-matched Swedish reference population (84).

EQ-5Dindexscores

Age (years) 60-69
(n=387)

70-79
(n=338)

80-88
(n=122)

Total 0.80 0.79 0.74

   Male 0.83 0.81 0.74

   Female 0.78 0.78 0.74

The rated prefracture EQ-5D index score in Studies I and II was 0.78, thus showing good
correspondence with the reference population. In Studies III and IV, the EQ-5D index

score was 0.83, reflecting the fact that the inclusion criteria probably selected a slightly
healthier population, although this is not reflected by the Ceder scale. In Studies I and
II, the proportion of Ceder A&B was 84% and in Studies III and IV, 83%. In Study VI,
the EQ-5D index score was 0.73, thus reflecting the higher inclusion age and the higher
frequency of co-morbidity, Ceder A&B was 73%.
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Figure 4.  Internal fixation
of displaced femoral neck
fracture.

Responsiveness, external criterion (EC)

Responsiveness is defined as the ability of an outcome instrument to detect clinically
important changes in a specific condition. The responsiveness of the EuroQol (EQ-5D)
and Short-Form 36 (SF-36) instruments was evaluated (Study III). Responsiveness was
measured in terms of the ability of the EQ-5D and the SF-36 to detect clinically rele-
vant differences in the study population according to an external criterion (EC) based
on pain and walking ability. Furthermore, in patients with a less good outcome at 4
months according to the EC, three ways of expressing responsiveness were reported:
observed change, standardised effect size (SES) and standardised response mean
(SRM) (see Statistical Methods). Besides responsiveness statistics for the EQ-5D and
the SF-36 global score, calculations were performed for the SF-36 subscores Bodily
Pain and Physical Functioning as, in earlier studies on patients with hip disorders, these
subscores have demonstrated high responsiveness (88, 96).

SURGICAL PROCEDURES

Internal fixation (IF)

Internal fixation (Figure 4) was carried out with
the patient on a fracture table. The fractures were
reduced by closed methods with the aid of an
image intensifier, reduced to neutral or slight
valgus impaction and internally fixed with two
cannulated screws (Olmed ). The goals for
screw positioning were modified from the rec-
ommendations by Lindequist et al (15).

In Studies I and II, 28 different surgeons, 15
of whom were senior consultants, performed the
operations (range 1-14 operations per surgeon).
In Studies III and IV all primary operations in
both groups were performed by either one of two
surgeons (JT or HT), both general orthopaedic
surgeons specialised in orthopaedic trauma sur-
gery and experienced in both procedures. In
Study VI, there were no designated surgeons and the number of surgeons involved was
not recorded.

In Study IV, the reduction was categorised as good (displacement < 2 mm,  Garden
angle 160 -175°, posterior angulation <10°), fair (displacement <5 mm, Garden angle
160 -175°, posterior angulation <20°) or poor (displacement > 5 mm, Garden angle <
160° or > 175°, posterior angulation >20°). The screw position was categorised as good
if the screw tips were less than 5 mm from the subchondral bone. In the AP projection,
the distal screw was intended to be introduced at the level of the lesser trochanter and to
lie on the calcar femorale. The proximal screw was introduced at least 2 cm from and
parallel to the distal one (the angle being less than 10°). In the lateral projection, the
screws were to be parallel and positioned in the central or posterior third of the femoral
head and neck.
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Figure 5. Total hip replacement of a displaced
femoral neck fracture.

The fracture was defined as healed if there were visible trabeculae across the frac-
ture line and no signs of avascular necrosis (AVN). Non-union was defined as an ab-
sence of radiographically visible trabeculae across the fracture line, including early re-
displacement or progressive displacement. AVN was defined as the presence of a sub-
chondral fracture (crescent line), loss of sphericity of the femoral head or segmental
collapse.

Total hip replacement (THR)

 Total hip replacement (Figure 5)
was carried out using an antero-
lateral approach, a modified
Hardinge approach (97), with the
patient in the lateral decubitus
position. The implant used was the
Exeter-stem (modular) with a 28-
mm head and the OGEE
acetabular component. The stem
position was categorised as good if it
was in the neutral (< 5° of varus)
position or slight valgus. The cup
was considered to be in good
position if the lateral opening in the
AP view was 30-50° and if the anteversion in the lateral view was 0-30°. Limb length
was also assessed on the radiographs.

Hip complications such as dislocation and infection were recorded and the follow-up
radiographs were analysed for signs of loosening of the femoral (98) or acetabular (99)
components.

Prophylactics

Patients were given low-molecular-weight heparin (Fragmin) preoperatively and for
approximately 10 days postoperatively.

Cefuroxim (Zinacef), 1.5 g, was given preoperatively, followed by two additional
doses during the first 24 hours in the THR group in Studies III and IV. No prophylactics
against infection were given to patients treated with internal fixation.

Postoperative rehabilitation

Patients were mobilised with full weight bearing as tolerated. The patients in the THR
group were informed about mobilisation techniques. They were allowed to sit on a high
chair immediately after surgery and to abandon the crutches at their on convenience.
After 6 weeks there were no restrictions.

General complications

General complications up to the 4-month follow-up were recorded.
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STATISTICAL METHODS

The statistical software used was SPSS 10.1 (Studies II and V) and 11.0 (Studies I, III,
IV and VI) for Windows. Differences between distributions were tested by the Chi-
square test or Fisher’s exact test in all studies.

The approach regarding parametric or non-parametric tests for differences between
groups differs somewhat between studies mainly due to varying journal policies. In
Study I, differences between groups were tested by the Mann-Whitney U-test for inde-
pendent groups. Differences between more than two groups were tested by the one-way
ANOVA and, when significant, were tested in pairs by Gabriel´s test. All tests were
two-sided. In Study II, differences between groups were tested by Student's two-tailed t-
test for independent groups. The Wilcoxon signed rank test was used when comparing
data at baseline and at follow-up. All tests were two-sided. In Study III, differences
between groups were tested by the Mann-Whitney U-test for independent groups.
Spearman’s rho was used as a measure of the correlation between variables. A Wil-
coxon signed ranks test was used to compare scores between follow-up and baseline.
All tests were two-sided. In Study IV, all scale variables were tested for normality with
the Kolmogorov-Smirnov test. Student’s t-test was use for parametric scale variables in
independent groups. The Mann-Whitney U-test was used for non-parametric scale vari-
ables and ordinal variables in independent groups. All tests were two-sided. In Study V,
differences between groups were tested by Student's t-test or the Mann Whitney U-test
for independent groups. Correlations between variables were tested using Spearman’s
rho. All tests were two-sided. In Study VI, all scale variables were tested for normality
with the Kolmogorov-Smirnov test. Student’s t-test and ANOVA were used for para-
metric scale variables in independent groups the. For non-parametric scale variables
and ordinal variables in independent groups, the Mann-Whitney U-test and the
Kruskal-Wallis test were used. For comparisons between different follow-up occasions,
the paired sample t-test was used in parametric scale variables and the Wilcoxon signed
rank test in non-parametric scale variables and ordinal variables. All tests were two-
sided.

The use of a parametric or non-parametric test is debatable (100). The most appro-
priate method is probably the one used in Studies IV and VI where all scale variables
were tested for normality with the Kolmogorov-Smirnov test and the statistical method
was chosen thereafter. The quality of life data should be considered to be ordinal data,
except perhaps for the EQ-5D index scores, which are preference-based and therefore can
be regarded as a scale variable. On the other hand, the EQ-5D index scores did not have a
parametric distribution in any of the studies and therefore should preferably be tested
with a non-parametric test. The statistic approach in Study II (Student's two-tailed t-test
for independent groups) could therefore be criticised. We have subsequently recalcu-
lated the statistics using the Mann-Whitney U-test and the results regarding signifi-
cance remained unchanged.

In Study III the responsiveness statistics included change scores, standardised effect
size (SES) and the standardised response mean (SRM). Change score: the observed
change mean (prefracture - 4-months). The change score is a measure of the extent to
which the instrument measures clinical change experienced by the patients. Standard-
ised effect size (SES): the observed change divided by the standard deviation of the
baseline score (prefracture). The SES provides a standardised measure for the change
scores of an instrument so as to allow comparisons between instruments. The SES can
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be considered large (>0.8), moderate (0.5-0.8) or small (<0.5) (96, 101, 102).  Stan-
dardised response mean (SRM): the observed change divided by the standard devia-
tion of the observed change. The SRM also provides a measure for comparing instru-
ments, but the construct makes it less sensitive for sampling sizes than the SES. The
SRM is regarded as large (>0.8), moderate (0.5-0.8) or small (<0.5) (87, 96, 101).

In Study VI, a logistic regression analyses was performed in order to evaluate factors
of importance for change in the quality of life. The model was tested by the Hosmer
and Lemeshow goodness-of-fit (p=0.92) and was also tested for interactions.

The results were considered significant at p <0.05. Trend values were displayed in
Study IV  (0.05 ≥ p < 0.1) and Studies V and VI  (0.05 ≥ p ≤0.2); all other values are re-
ported as not significant (ns).
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RESULTS
STUDY I

In 47 of the 65 patients (72%), the fracture was healing and 18 (28%) had a fracture
healing complication. There was a substantial decrease in the quality of life according
to EQ-5D for all patients after the hip fracture compared to before the fracture. At each
follow-up assessment, the mean quality of life (EQ-5D index score) was higher for those
with healing fractures than for those with fracture healing complications: at 4 months,
0.66 and 0.49 (p<0.05) and at 17 months, 0.62 and 0.31 (p<0.005) (Figure 6).

Figure 6. Quality of life (EQ-5D) before fracture and on different follow-up occasions
in patients completing the 17- month follow-up (n=65) comparing patients with healing
fractures and patients with fracture healing complications.

Patients with a pain rating of 30 mm or less on the VAS had significantly better EQ-5D

index scores than those with a rating of more than 30 mm at both 4 months (p<0.005) and
17 months (p<0.001). Patients with good mobility had significantly better EQ-5D index

scores than those with poorer mobility at both 4 months (p<0.001) and 17 months
(p<0.001). Patients with high-level independence in ADL had significantly better EQ-
5D index scores than those who were more dependent at both 4 months (p<0.001) and 17
months (p<0.005).

The EQ 5-D Pain dimension correlated significantly with the pain ratings on the
VAS scale both at 4 months (p<0.005) and at 17 months (p<0.001). The EQ-5D Mo-
bility dimension correlated significantly with mobility as measured by need for walking
aids at 4 months (p<0.01) and at 17 months (p<0.05). The EQ-5D Self-care dimension
correlated significantly with the ADL status according to Katz both at 4 months
(p<0.001) and at 17 months (p<0.001).

The number of patients capable of answering the EQ-5D 5 questionnaire was high.
In the study group, the figures were 100% at inclusion, 97% at 4 months and 89% at 17
months. The decreasing numbers were mainly due to deteriorating cognitive function.
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STUDY II

In patients available at the 24-month follow-up (n=59), the number of fracture healing
complications was larger in those with displaced fractures (36%) than in those with un-
displaced fractures (7%) (p<0.05). The total number of arthroplasty was also larger in
patients with displaced fractures. Seventy-six percent of patients with healing compli-
cations needed an arthroplasty within 24 months.

The functional status of patients with healed fractures at 24 months favoured those
with undisplaced fractures.

The EQ-5D index scores for patients, with healed fractures at 24 months, at different
stages during the rehabilitation period are shown in Figure 7.

Patients with primary displaced fractures had significantly lower EQ-5D index scores
than those with undisplaced fractures at both 12 (p<0.005) and 24 months (p<0.005).
Among the patients with healed undisplaced fractures, there were no significant differ-
ences between EQ-5D index scores before the fracture and at follow-up. The EQ-5D index

scores for patients with healed displaced fractures were lower on each follow-up occa-
sion (4 months, p<0,05, 12 months, p<0.005 and 24 months, p<0.005) compared with
EQ-5D index scores prior to the fracture.

STUDY III

According to the external criterion (EC), a total of 50 patients (53%) had a good
early clinical outcome and 45 patients (47%) had a less good early clinical outcome.
Thirty-four patients (71%) in the THR group and 16 patients (34%) in the IF group had
a good early clinical outcome (p<0.001).

The relationship between EC (good or less good early clinical outcome) and the EQ-
5D index score and the SF-36 global score showed a significant difference in both com-
parisons. The SF-36 subscores in relation to the EC showed significant differences in
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Figure 7. Quality of life (EQ-5D) before fracture and on different follow-up occas-
sions in patients with healed fractures at the final 24-month follow-up (n=42).
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all dimensions except Role limitations due to Emotional problems. The EQ-5D subdi-
mension scores in relation to the EC showed significant differences in all dimensions.

The standardised effect size (SES) and standardised response mean (SRM) were
large for both the EQ-5D and the SF-36 global, with slightly higher values for the EQ-
5D. The SF-36 subscores on Bodily Pain and Physical Functioning were large accord-
ing to SES and moderate according to SRM (Table 7).

Table 7. Responsiveness statistics for EQ-5D, SF-36 global and SF-36 subscores Bod-
ily Pain (BP) and Physical Functioning (PF) for patients with a less good outcome at
the 4-month follow-up (n=45).

Observed change
(SD)

p value SES SRM

EQ-5D -0.26 (0.29) <0.001 1.37 0.90
SF-36 global -16.0 (19) <0.001 0.89 0.82
  SF-36 BP -23.0 (34) <0.001 0.82 0.68
  SF-36 PF -20.0 (26) <0.001 0.88 0.77

The correlation between the change scores for the SF-36 global score and the EQ-
5D index score was 0.39 (p<0.001). The correlation of the change scores between the SF-
36 subscore scales and the EQ-5D index score were in the 0.03 – 0.45 range, with the
highest values for Bodily Pain, Vitality and Physical Functioning.

There was a good correlation between the SF-36 global score and the EQ-5D index

score  regarding both the values prior to the hip fracture (r=0.57, p<0.001) and at the 4
month follow-up (r=0.62, p<0.001). All SF-36 subscores correlated well with the EQ-
5D index score on both occasions (r ranged between 0.20 and 0.61, p<0.05 in all com-
parisons).

STUDY IV

Surgical data. The reduction was considered good in 46 of 53 (87%) patients and fair
in the remaining 7. The screw position was good in 51 of 53 (96%) patients.

The stem position was considered good in 48 of 49 patients (98%). In one patient,
the stem was in 8° varus. The acetabular component was in good position in 44 of 49
patients (90%). There was no correlation between reduction/screw position and fracture
healing complications, nor between screw position and fracture healing complications.
One patient with the acetabular component at 6° of retroversion was revised because of
recurrent dislocations.

General complications. There were no differences between groups regarding general
complications. There were no deep infections. Fifteen out of 102 (15%) patients died
during the observation period, 10 of 53 (19%) in the IF group and 5 of 49 (10%) in the
THR group (ns).

Surgical outcome. The rate of hip complications in all patients included in the THR
group was 2 out of 49 (4%). The patient with the malpositioned acetabular component
sustained three dislocations and was eventually reoperated on 6 months after primary
surgery with a revision of the acetabular component and lengthening of the neck of the
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prosthesis, whereupon no further dislocation was noted. Another patient sustained, after
a new fall 6 weeks postoperatively, a periprosthetic fracture that was successfully
treated with internal fixation, and the final outcome was good. There were no signs of
radiological loosening of the components in any of the patients at the final follow-up.

In the IF group, 19 of 53 (36%) patients sustained a hip complication (fracture heal-
ing complication), 12 of 53 (23%) non-unions and 7 of 53 (13%) AVN. Reoperation
was performed on 22 out of 53 (42%) patients. The reoperation was an arthroplasty in
13 of 53 (25%) patients (9 of 53 (17%) THR; 4 of 53 (8%) hemiarthroplasty) and screw
removal in 9 of 53 (17%). Three of these complications occurred in patients who later
deceased; all three were reoperated on with hip arthroplasty (two THR, and one hemi-
arthroplasty). Due to local pain, 5 out of 25 (20%) patients with uneventfully healed
fractures had their screws removed before the two-year follow-up. The complication
rate (hip complications and reoperations) differed between groups (p<0.001). A life ta-
ble analysis of the surviving patients not having undergone secondary surgery is pre-
sented in Figure 8.

Figure 8. Life table analysis for all included patients (n=102).

Time, months

3020100

P
e

rc
e

n
ta

g
e

 s
u

rv
iv

in
g

 p
a

tie
n

ts
 n

o
t 

re
o

p
e

ra
te

d

1,0

,9

,8

,7

,6

,5

,4

,3

,2

,1

0,0

THR

IF



31

Outcome and quality of life for all patients. Generally speaking, hip function was
better in the THR group (Table 8). The quality of life (EQ-5D index score) was higher in
the THR group at each follow-up, but the differences were only significant at 4 and 12
months (Figure 9).The difference in the EQ-5D index score, i.e. the change score be-
tween inclusion and each follow-up (4, 12 and 24 months, respectively) was calculated.
The decline in the EQ-5D index score was significantly more pronounced in the IF group
between inclusion and all follow-up occasions.

Table 8. Hip function according to the Charnley score for all patients available at each
follow-up. (4 months, n=95; 12 months, n=92; 24 months, n=84). 1 = total disability, 6
= normal state. Mean values and the percentage of patients with the best scores (5 and
6) in each dimension are displayed.

THR IF
Mean Scores 5 & 6 Mean Scores 5 & 6 p

Pain                4 months
                     12 months
                     24 months

5.7
5.3
5.6

85%
76%
84%

4.7
4.5
4.7

55%
50%
54%

<0.001
<0.005
<0.005

Movement     4 months
                     12 months
                     24 months

5.0
5.0
4.9

65%
70%
67%

4.7
4.6
4.5

49%
44%
46%

ns
<0.01
<0.05

Walking         4 months
                     12 months
                     24 months

4.3
4.6
4.5

33%
50%
51%

3.5
3.9
3.8

15%
24%
32%

<0.001
<0.01
<0.05

p-values given for differences between groups

Figure 9. HRQoL for all patients available at each follow-up (before fracture, n=102; 4
months, n=94; 12 months, n=92; and 24 months, n=84). p-values given for differences
between groups.
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Outcome and quality of life for patients without hip complications. At the final
follow-up, there remained 25 out of 53 patients (47%) without a hip complication in the
IF group and 42 out of 49 (86%) in the THR group. The THR group had significantly
better outcomes with regard to pain and walking ability at the 4 and 12-month follow-
up (Table 9).
The quality of life did not differ significantly between groups but the decrease in the
EQ-5D index score was significantly larger in the IF group between inclusion and the 4-
month follow-ups (Figure 10).

Table 9. Hip function according to the Charnley score for all patients without hip com-
plications at final follow-up (n=67; THR n=42, IF n= 25). 1 = total disability, 6 = nor-
mal state. Mean values and the percentage of patients with the best scores (5 & 6) in
each dimension are displayed.

THR IF
Mean Scores 5 & 6 Mean Scores 5 & 6 p

Pain                4 months
                     12 months
                     24 months

5.7
5.3
5.6

88%
76%
83%

5.0
4.4
5.1

63%
48%
60%

<0,005
<0,01
0,062

Movement     4 months
                     12 months
                     24 months

5.0
5.0
4.9

65%
68%
68%

4.7
4.4
4.6

55%
32%
50%

ns
<0.005
ns

Walking         4 months
                     12 months
                     24 months

4.4
4.7
4.6

34%
51%
52%

3.8
4.0
4.3

17%
28%
48%

<0.05
<0.05
ns

p-values given for differences between groups

Figure 10. HRQoL for all patients without hip complication at final follow-up (n=67;
THR n=42, IF n= 25). p values given for differences between groups.
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STUDY V

Nutritional status. Twenty patients (52 %) had BMI<21 and 15 (36%) <20. TSF and
AMC recordings <10th percentile in a large Swedish reference group were found in
respectively 56% and 12% of the study population. Concurrent disabling illnesses were
not more prevalent among the underweight subjects (50%) as compared to those with
BMI ≥ 20 (36%, n.s.).

Serum IGF-1 was lower than 75 µg/l in 50% of the cases. BMI correlated positively
with IGF-1 (r=0.4, p<0.05) and negatively with IGFBP-1 (r=-0.5, p<0.001). Patients
with a BMI<20 had significantly lower values for IGF-1 when compared to those with
a BMI ≥ 20, which was also true of IGFBP-1. Moreover, IGF-1 correlated with AMC
(r=0.4, p<0.05), but not with TSF. IGFBP-1 seemed to inversely correlate with AMC
and TSF  (r=-0.45, p<0.005 and -0.3, p=0.053, respectively). Thirty-two patients (76%)
had an IGF-1/IGFBP-1 ratio <5. The ratio was lower among those with BMI < 20
compared to those with BMI ≥ 20. Blood samples for CRP analyses were obtained
from 25 patients. CRP was elevated, indicating on-going inflammatory activity, in 60%
of these patients, but did not differ between patients with a BMI <20 or ≥20. However,
CRP correlated inversely with IGF-1, i.e. r=-0.41, p<0.05.

Cognition, functional status and quality of life. A median value for SPMSQ of 9 in-
dicated an overall good cognitive status. Seven patients (17%) had a SPMSQ score of <
4, evidencing indisputable cognitive dysfunction, 10 (24%) a score of between 4 and 7,
and 25 (59%) had a score of  ≥ 8, denoting a normal cognitive capacity. The SPMSQ
score correlated with BMI (r=0.44, p<0.01), but not with IGF-1 (r=0.13) or IGFBP-1
(r=-0.21). Possible cognitive dysfunction, i.e. a SPMSQ score < 8, was observed in
69% of those with a BMI < 20, as compared with 24% among those with a BMI ≥ 20
(p<0.05).

Thirty-one patients (73%) were independent in their ADL according to the Katz in-
dex. Patients with a low BMI (<20) tended to be ADL-dependent more often than those
with a higher BMI (43% and 19%, p=0.095), and they tended to need help at home
more often (43% and 19%, respectively, p=0.18). Hand grip correlated with BMI
(r=0.33, p<0.05) as well as with AMC (r=0.44, p<0.01). Furthermore, hand grip was
attenuated in patients with a BMI<20. The correlation coefficient for hand grip strength
vs. TSF was 0.4 (p<0.05) and, for hand grip strength vs. IGF-1 and IGFBP-1, the cor-
relation coefficients were 0.3 (p=0.09) and -0.34 (p<0.05), respectively.

The Nottingham Health Profile was completed by 30 patients; 5 preferred not to an-
swer the questionnaire and 7 were excluded owing to failing cognitive function
(SPMSQ <4). The overall NHP score and the NHP subscores on each of the six quality-
of-life areas among the subjects with a BMI<20 and among those with a BMI≥20 are
shown in Table 10. The table also showes data from an age and sex-matched reference
population (91).

The overall score indicated a significantly lower quality of life in the underweight
patients. Although all the subscores were worse in the underweight group, only the sub-
score for lack of energy was significantly different (p=0.05) between patients with high
and low BMIs.



34

Table 10. Nottingham Health Profile subscores in patients with BMI < 20, BMI  ≥ 20
and in an age and sex-matched reference population (91).

Variable BMI<20
(n = 8)

BMI≥20
(n = 22)

p Reference
population

Lack of energy 57±35.6 25±32.9 0.030 34
Pain 30±21.3 16 ±25.1 0.051 21
Emotional reaction 33±32.6 20±23.0 0.229 14
Sleep disturbance 35±19.8 25±25.1 0.093 32
Social isolation 35±19.8 24±25.1 0.128 10
Physical mobility 37±19.9 29±26.0 0.423 24
Total score 38±19.5 22±19.8 0.045 24

Values are given as means ± SD.
p values are given for differences between groups.

STUDY VI

Surgical outcome and complications. There were no significant differences between
groups regarding fracture healing complications and general complications. In the C
group, there were two deep infections engaging the hip joint. Both of these patients
were reoperated on with resection arthroplasty (Girdlestone), and one of them died
after seven months. A transient minimal elevation of Se-calcium was noted in six CT
patients whose condition returned to normal without any changes in therapy. No other
adverse drug effects were recorded. In patients with undisplaced fractures completing
the 12-month follow-up (n=52), the number of healing complications in patients was
1 out of 20 (5%) and, in patients with displaced fractures, it was 16 of 32 (50%),
(p<0.005).

Nutritional and functional outcome. At inclusion, the mean BMI was 20.4 (SD 2.3)
kg/m2 . Serum IGF-1 was subnormal in 27 out of 57 (47%) patients. BMI correlated
positively with IGF-1 (r=0.4, p<0.005). Fifty-four out of 59 ( 92%) had an IGF-
1/IGFBP-1 ratio of less than 5, indicating a catabolic state.

At 6 months, the C group displayed  significant decreases in weight, TSF, AMC,
lean body mass and fat tissue mass. In the N group, there was a corresponding de-
crease in lean body mass while the fat mass appeared to be preserved. The CT pa-
tients experienced a significant decrease in TSF and fat tissue but maintained their
lean body mass. All groups showed an expected decrease in CRP and corresponding
increases in se-albumin and se-IGF-1. Differences in lean body mass and se-albumin
were significant between groups, in favour of CT.

At the 12-month follow-up, i.e. 6 months after cessation of the intervention, the C
and N groups still had reduced lean body mass and the CT group had a significantly
reduced fat tissue mass. All groups still had a higher IGF-1 than at inclusion and the
N and CT groups had higher se-albumin than at inclusion.

Maintenance of independence in ADL was significantly more common in the CT
and N groups (p<0.005) at the 6-month follow-up as compared to the C group and there
was a trend towards the same difference at the 12-month follow-up.(Figure 11). The CT
group also showed a significant increase in HGS, a variation that tended to differ from
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that in the other two groups. Mobility was not significantly different between the
groups. The median hospital stay during the first year after surgery was 27 (5-197) days
in group C, 20 (5-356) days in group N and 18 (8-51) days in the CT-group (ns).

Figure 11. ADL according to Katz at inclusion, 6 months and 12 months. Controls
(C), nutrition group (N) and patients on combined therapy (CT), i.e. nutrition and
nandrolone. p value for differences between groups at inclusion (ns), at 6 months
(p<0.005) and at 12 months (p=0.109). Difference between CT and C at 6 months
(p<0.005), between N and C (p<0.05) and between CT and N (ns).

ADL A-B indicates independence in all six functions or independence in all but one.
ADL C-G indicates dependence in bathing and at least one more function.
One missing value in group C at 6 months.

Quality of life. There were no significant differences in the quality of life between
the groups at the start, but there were trends towards a difference at the 6- and 12
month follow-ups (Figure 12). The EQ-5D index score declined significantly in group
C  between inclusion and the 6-month follow-up (p<0.005) and the 12-month follow-
up (p<0.01), while the EQ-5D index score did not fall significantly in group N at 6
months (p=0.077) or at 12 months (p=0.118). The EQ-5D index score in the CT group
decreased at 6 months (p<0.05), but not at 12 months (p=0.092). The decline in EQ-
5D index score, compared between groups, tended to be more pronounced in group C
than in groups N and CT at both 6 months (p=0.104) and 12 months (p=0.059,
Kruskal-Wallis test).

Next we performed a logistic regression analysis in order to evaluate factors of
importance for changes in the quality of life. A decreased EQ-5D index score and an
unchanged or improved EQ-5D index score were used as dependent variables. Ran-
domisation groups, fracture type, age and BMI were tested as independent variables
in the model. The analyses showed that randomisation to the CT group was associated
with an increased odds ratio for an improved quality of life at the end of the 6-month
intervention period (p<0.05) along with an undisplaced fracture and old age (>84
years), (p<0.005).
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Figure 12. Quality of life according to the EQ-5D for all patients completing follow-up
(n=52), comparing randomisation groups (C, N and CT). p values are given for differ-
ences between groups.

Fracture healing complications and outcome. Out of the 52 patients completing the
whole follow-up, 17 (33%) developed a fracture healing complication up to the 12-
month follow-up. These 17 patients did not differ from the 35 patients without a
fracture healing complication regarding background data, except that they rated their
prefracture quality of life higher, EQ-5D index score 0.84 ±0.14 vs. 0.69 ±0.25
(p<0.05), had a lower IGFBP1 at inclusion (p<0.05) and more often had a displaced
fracture, 16 out of 17 (94%) (p<0.005).

The decrease in body weight and lean body mass was significantly more pro-
nounced at 6 months in patients with fracture healing complications. The EQ-5D index

score for the patients developing a fracture healing complication fell from a signifi-
cantly higher prefracture level to a significantly worse level at 6 months, as compared
to patients without a fracture healing complication, and tended to remain lower (Fig-
ure 13). The median hospital stay during the first year after surgery was 17 (5-197)
days in patients with no fracture healing complication and 31 (5-356) days in patients
with a fracture healing complication (p<0.05).

Figur 13. Quality of life according to the EQ-5D for all patients completing follow-up
(n=52), comparing patients with (Fx comp) and without fracture healing complications
(No fx comp). p values are given for differences between groups.
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GENERAL DISCUSSION
QUALITY OF LIFE

Does a quality of life assessment add any further dimension to conventional outcome
measures in orthopaedic surgery? Fracture healing complications, hip complications,
general complications and reoperation rates are hard facts necessary for evaluating sur-
gical procedures. Moreover, specific hip scores such as the Charnley hip score (64) and
the Harris hip score (103) give valuable information on hip function. However, these
data need to be complemented with outcome measures that gives us information on
how the patient rates the outcome and to what extent the injury/disease influences other
areas of life, i.e. the quality of life. Otherwise, there is a substantial risk of underesti-
mating or misinterpreting the impact of an injury/illness. The studies in this thesis
(Studies I and III) evaluates the EQ-5D and the SF-36 in patients with femoral neck
fractures and also measures the quality of life on a fairly long-term time scale after dif-
ferent interventions (Studies I,II,IV and VI). Evaluation of a quality of life instrument
typically involves the comparative evaluation of reliability, validity and responsiveness.
The latter two were evaluated in Studies I and III.

Validity

Validity, i.e. how appropriately a questionnaire measures the condition of interest, was
evaluated comparing the EQ-5D (EQ-5D index scores and subdimensions) with other
established outcome measures (construct validity). There was a good correlation be-
tween the EQ-5D index scores and outcome measures such as mobility, independence in
ADL and independent living status. There was also a good correlation between the EQ-
5D Pain dimension and pain rated on the VAS scale, between the EQ-5D Mobility di-
mension and mobility assessed by the need for walking aids and between the EQ-5D
Self-care dimension and the degree of dependence in ADL according to Katz, which
indicates a high construct validity (Study I). The validity was also tested for both the
EQ-5D and the SF-36 when the scores of both instruments were analysed in relation to
an external criterion (EC) based on pain and impaired walking ability (Study III). Pa-
tients with a less good outcome according to the EC had significantly lower total SF-36
and EQ-5Dindex scores. The SF-36 subscores were also significantly lower for patients
with less good outcomes in all dimensions except Role limitations due to Emotional
problems (RE) and there were also significant differences in all of the EQ-5D subdi-
mension scores. This is in accord with previous studies in which the EQ-5D has been
shown to compare favourably in terms of internal and external validity with more
elaborate quality-of-life instruments (79-81).

Responsiveness

Responsiveness is defined as the ability of an outcome instrument to detect clinically
important changes in a specific condition. A common method of demonstrating respon-
siveness of a quality-of-life instrument is to compare scores before and after a treatment
of known efficacy. When treating and studying injured patients the question is compli-
cated by the fact that the patients’ health status before the accident is assessed in retro-
spect. In order to study responsiveness of the EQ-5D and the SF-36 in patients with hip
fractures, we chose to use a randomised patient population with two different surgical
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treatment options, i.e. internal fixation (IF) and total hip replacement (THR), after a
displaced femoral neck fracture. Responsiveness was measured in terms of the ability
of the EQ-5D and the SF-36 to detect clinically relevant differences in the study popu-
lation according to an external criterion based on pain and walking ability, two impor-
tant outcome measures after a hip fracture. The 4-month follow-up was chosen because
the decline in function and quality of life seems to be most pronounced during the early
phase of rehabilitation (39). The responsiveness was quantified by the standardised ef-
fect size (SES) and the standardised response mean (SRM). Both the EQ-5D and the
SF-36 global score yielded high values, indicating good responsiveness. The values for
the SF-36 subscores Bodily Pain and Physical Functioning were large according to SES
and moderate according to the SRM, indicating that these subscales also have accept-
able responsiveness in hip fracture patients. The SRM should probably be the preferred
statistical measure as the SES may be less accurate because it uses the standard devia-
tion of the prefracture score and, accordingly, does not contain information on the accu-
racy of the instrument in detecting change over time. The ceiling effect shown in previ-
ous studies (104) suggests that the EuroQol could be less responsive to changes in con-
ditions with low morbidity. This was not a significant problem in elderly patients with a
femoral neck fracture, a condition with major morbidity.

Response rate

The high response rate of the EQ-5D and SF-36 questionnaires in our studies supports
the assumption that both instruments are suitable for use in an elderly hip fracture
population. Previous studies on the SF-36 have shown a lower completion rate com-
pared to the EuroQol (104), especially in elderly patients (34, 78). The completion rate
was not a problem in our studies, perhaps because the inclusion criteria selected rela-
tively healthy elderly patients without severe cognitive dysfunction.

Conclusion

Both the EQ-5D and the SF-36 seem to capture changes in the multifaceted domains of
physical, psychological and social functioning after a displaced femoral neck fracture in
elderly patients. Based on our findings, we believe that both the EQ-5D and the SF-36
can be used as outcome measures after the treatment of hip fracture patients. In our
opinion, quality of life assessments are primarily indicated in groups of patients, clini-
cal trials or for quality improvement in clinical practice. The benefit of such an assess-
ment in an individual patient is limited due to the multifactorial nature of quality of life.
The more comprehensive generic measure, the SF-36, gives a more detailed health pro-
file. However, if the main focus is on the global health status, the preferred instrument
in elderly patients may be the EQ-5D because of its previously documented higher
completion rates and slightly higher responsiveness. In addition, since it is preference-
based, the EQ-5D can also be used to construct quality-adjusted-life years (QALYs),
which are frequently used in cost-effectiveness analyses.

SURGICAL INTERVENTION

Inclusion criteria

The inclusion criteria need to be assessed to evaluate the generalisability of the results .
For several reasons, we studied a rather healthy group of elderly patients (Studies I-IV).
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Firstly, validating a quality-of-life questionnaire does not allow inclusion of patients
with severe cognitive dysfunction. However, the number of patients admitted from in-
dependent living circumstances with severe cognitive impairment is limited. In a study
by Strömberg et al. (105) on 256 hip-fracture patients admitted from independent living
circumstances, only 10% were severely cognitively impaired (SPMSQ < 3). Secondly,
patients with walking capability from independent living conditions would recognise a
substantial decrease in their quality of life on sustaining a fracture complication, which
would not be as obvious in an already bedridden and institutionalised patient. Thirdly,
only relatively healthy elderly patients with high functional demands and a relatively
long life expectancy can fully enjoy the advantages of a THR (Studies III and IV). Fi-
nally, patients with cognitive dysfunction have been shown to have a high rate of dislo-
cations (16, 20). The lower age level in the randomised surgical trial (Studies III and
IV) is of course debatable, but considering all factors, such as fracture healing compli-
cations after internal fixation (IF), the risk of revision due to aseptic loosening after
THR and the expected mean survival in the age group, 70 years of age seems reason-
able. On the other hand, we did not set an upper age limit, but the other inclusion crite-
ria excluded the oldest and most fragile patients, i.e. this approach considers biological
age rather than chronological age.

In spite of the inclusion criteria, our study populations seem to be comparable to
those of other studies on elderly patients with femoral neck fractures with regard to age,
sex, fracture type and co-morbidity (5-17).

Internal fixation (IF)

The rate of fracture healing complications after internal fixation (IF) in patients with
undisplaced fractures was low and equal to or better than that in most previous studies
(5, 7-15). The complication rate among patients with displaced fractures was at the
same level or better than that in most previous studies (5-17). But in spite of a good
fracture reduction and screw position in the vast majority of patients in Study IV, the
complication rate was, in our opinion, unacceptably high.

Three studies are often referred to (21) as demonstrating optimal results after a dis-
placed femoral neck fracture treated with internal fixation. 1/ The well-conducted study
by Strömqvist et al. (13) on 626 patients shows a fracture healing complication rate of
41% among two-year survivors, thereby confirming the high complication rate. 2/ The
exceptionally good results from Rehnberg et al. (9) reporting only 12% fracture healing
complications, all avascular necrosis (AVN), in a study of 44 consecutive patients, 43
of whom had a displaced fracture. These good results from a single surgeon could not
be reproduced in an RCT from the same institution using the same implant (106) where
the one-year fracture healing complication rate was 21%, compared with 23% in Study
IV . 3/ The promising one-year results with the Uppsala screw (Olmed) reported by
Olerud et al. (107) have not, to our knowledge, been followed-up by a report on the
two-year results and therefore could not be fully evaluated. I therefore believe that the
results after IF in osteoporotic elderly patients with a displaced femoral neck fracture,
i.e. 35-50% fracture healing complications, cannot be significantly improved with cur-
rent fixation techniques. Thus the old adage “the bad results of nailing are the results of
bad nailing” may need to be modified regarding displaced femoral neck fractures.

The consequence of a fracture healing complication is usually a secondary arthro-
plasty, given an adequate follow-up. If not, there is a risk that these elderly patients will
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not return for an orthopaedic consultation and adapt instead to an unnecessarily low
function and quality of life. This is probably the situation in many parts of Sweden to-
day where patients with femoral neck fractures are not routinely scheduled for follow-
up mainly due to limited health care resources. This is probably not correct from a
macro perspective, as the indirect costs are often higher than the direct health care
costs.

It is sometimes claimed by individual institutions that they have a significantly bet-
ter outcome after IF, but these data are nearly always based on retrospective studies or
on the reoperation rate. For one thing, orthopaedic surgeons today rarely have the op-
portunity or desire to follow-up their patients, which may contribute to an overlyopti-
mistic outlook on the prognosis. Furthermore, data based on the patient’s own ability to
return for follow-up will nearly always underestimate the number of fracture healing
complications and, accordingly, the need for a secondary arthroplasty.

Arthroplasty after failed IF was performed in 76% of the patients in Study II and in
68% of those in Study IV. This is a considerably higher frequency than previously re-
ported (7, 13) and could be due to our inclusion criteria, which resulted in the selection
of a more lively and independent population with higher functional demands compared
with many other studies. Admittedly, the indications for an arthroplasty are nearly al-
ways relative and are aimed at improving the patient’s function and quality of life and
must be balanced against surgical risks. A risk for the elderly patient of a prolonged
period with decreased function is that the disability becomes permanent. Owing to
acute problems after failed IF, some of the patients were reoperated on by orthopaedic
surgeons not involved in the study, which explains the unfortunate mixture of methods
in the secondary athroplasties (THR vs. hemiarthroplasty). Consequently, 24% (Study
II) and 32% (Study IV) of the patients with a diagnosed fracture healing complication
were not reoperated on during the study period. There is a substantial risk that some of
these patients will develop indications for hip replacement during subsequent follow-
ups due to progressive hip disability. To sum up, the reoperation rate after internal
fixation does not appear to be a suitable single outcome measure as it incorporates the
patients’ coping ability, surgeons’ differing indications for arthroplasty and the ine-
quality of health care resources. Also, secondary THR after a fracture healing compli-
cation appears to yield inferior results regarding hip function than primary THR (24).

There is a strikingly large decrease in the quality of life after a femoral neck fracture
and this decrease is, as might be expected, significantly larger among patients with
fracture healing complications. But perhaps somewhat surprisingly, patients with un-
eventfully healed undisplaced fractures have a better outcome regarding quality of life
than those with uneventfully healed displaced fractures. Why? One explanation might
be the shortening of the femoral neck during healing (108, 109) with altered biome-
chanics of the hip and prominent screws leading to impaired hip function. Another
might be that patients with displaced fractures represent a negative selection, with more
severe osteoporosis and poor general health, although the latter is not confirmed in our
study (Study II). If so, it would not be possible to alter the prognosis with a different
surgical intervention, e.g. a THR. Both factors are probably operative.

Internal fixation (IF) versus total hip replacement (THR)

Could this discouraging outcome after IF be altered by treating the patients with a pri-
mary THR? The optimal treatment of displaced femoral neck fractures is unsettled. For
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many years, the general treatment in Sweden has been IF, mainly based on the argu-
ment that retaining the patient’s own femoral head will always yield better hip function
than an arthroplasty. In most other European countries, the preferred treatment has been
a primary arthroplasty, most often a unipolar or bipolar hemiarthroplasty. The majority
of studies in the field focus on complications and reoperations, but to a lesser extent on
hip function and almost never on an assessment of the quality of life. The population of
elderly patients with femoral neck fractures is heterogeneous and comprises a spectrum
of patients ranging from the independent, healthy subject with high functional demands
to the institutionalised, cognitively impaired and bedridden patient. The currently avail-
able techniques (IF, unipolar arthroplasty, bipolar arthroplasty and THR) have different
outcome and different risk profiles. We have only studied a healthy subgroup of the
entire hip fracture population. Perhaps this heterogeneity among hip fracture patients is
one reason why there have been, and still are, such differing opinions? The future strat-
egy probably should be to individualise the treatment based on patient-related factors
and not only on fracture type.

In our series of relatively healthy elderly patients with a displaced femoral neck
fracture − constituting approximately 30-40% of all patients with femoral neck frac-
tures − a primary THR gave rise to few complications. The 2% dislocation rate after
primary THR in this study is unusually low (16, 20, 22, 24). One reason is probably the
anterolateral surgical approach (44, 45). In our own experience, this is the best ap-
proach for optimising stability, which is the primary goal in patients with femoral neck
fractures. Recent RCTs of THR for femoral neck fractures (16, 24) used the dorsolat-
eral approach and reported a dislocation rate of 14% and 22%. Another factor involved
in avoiding dislocations was the exclusion of patients with severe cognitive dysfunc-
tion. In the series reported by Johansson et al. (16), the dislocation rate in patients with
mental dysfunction was 32%, compared with 12% in lucid patients. Also, I believe the
experience of the surgeons is important. It is often more technically demanding to per-
form a stable THR on a fracture than in osteoarthritis. A modular prosthesis design al-
lowing the surgeon to optimise the offset during surgery probably also decreased the
risk of postoperative dislocations − which is indeed a troublesome complication. Deep
infections were not a problem and seem to be rare with the modern technique including
adequate antibiotic prophylaxis (16, 23, 24). The cumulated risk of aseptic loosening
also seems to be minor in this age group (25, 42).

The general complication rate in Studies III and IV was similar in both groups. The
overall two-year mortality rate, 15% (Study IV), is lower than that in most other studies
on internal fixation (5-8, 10-17, 20) and lower than in modern RCTs comparing IF and
THR. Johansson et al. (16) reported an overall two-year mortality rate of 33%, proba-
bly due to a selection of slightly older (mean age, 84) and some cognitively impaired
patients (mental dysfunctional in 45%). Neander et al. (24) reported an overall mortal-
ity rate at the two-year follow-up of 24% and, as in our study, there was a tendency to
increased mortality in the IF group (28%) compared with the THR group (19%). Obvi-
ously, today the surgical procedure itself does not increase the mortality rate. No patient
in the THR group died during the first 4 months post surgery. One reason for the in-
creased mortality rate in the IF group could of course be a selection bias, but this seems
less likely as the randomisation groups in our study were comparable regarding base-
line data. A more probable explanation is perhaps that the functional deterioration and
pain impaired the patient’s general condition and thereby increased mortality. Contrary
to conventional wisdom, THR is probably a lesser trauma than IF followed by pro-
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longed postoperative pain. Deceased patients were four years older and had a lower
quality of life than survivors. The number of hip complications in the deceased patients
was comparable to that in the entire group, but the number of impending hip complica-
tions among early on deceased patients is not known since it may take two years after
surgery to detect a healing complication of a femoral neck fracture.

Most  hip function scores (64, 103) have been validated for patients with THR after
degenerative joint disease, but they have also recently been used in studies comparing
THR and IF in patients with femoral neck fractures (16, 24). We used the Charnley hip
score (Studies III and IV) because it is well validated and the outcome is indicated in
three important dimensions regarding hip function, Pain, Walking and Movement. The
outcome regarding hip function was generally better in the THR group even when only
comparing patients without hip complications in both groups. The explanation of the
generally lower values for Walking compared to studies on patients with THR (64) after
osteoarthritis probably has to do with older age and more frequent co-morbidities in the
hip fracture population. Even before the fracture, 22% of the patients used some sort of
walking aid for other reasons than hip disorders. The Harris hip score (103) might be a
preferred alternative as it includes a valuation of the included dimensions, pain, func-
tion and range of motion, where the highest maximum scores are given for pain and
function and produce an overall score. Additionally, the function dimension includes,
besides walking ability, important daily activities such as climbing stairs and dressing.

The quality of life was better in the THR group than in the IF group on comparing
all available patients, significantly so at the 4 and 12-month follow-ups, and the decline
in the quality of life was less in the THR group between prefracture and all follow-up
occasions. This difference was diminished on comparing only patients with an unevent-
ful postoperative course. The higher complication and mortality rates in the IF group
seemed to select a group of patients with a higher quality of life among those with an
uneventful postoperative course. In this limited group of patients alive and without hip
complications at the two-year follow-up (86% in the THR group and 47% in the IF
group), the quality of life was nearly equal at the final follow-up, but the decrease in the
quality of life compared with before fracture was larger in the IF group and, signifi-
cantly so in the early postoperative phase. The decrease in the EQ-5D index score after
THR was comparable to the decrease after an uneventfully healed undisplaced fracture,
i.e. 0.10 (Study II).

Conclusion

The results support and confirm the present policy of IF for undisplaced femoral neck
fractures in the elderly. The fracture healing complication rate is low and patients with
healed fractures regain the same quality-of-life level as before the fracture. With regard
to displaced fractures, our studies confirm the high complication rate in elderly patients
treated with internal fixation and, even in uneventfully healed displaced fractures, most
patients never regain their prefracture quality-of-life level.

The results also supports the notion that a primary THR is the treatment of choice
for an elderly, relatively healthy, lucid patient with a displaced femoral neck fracture.
The complication rate after THR is lower than after IF, provided that the surgical pro-
cedure is optimised for minimising the number of dislocations, and the outcome re-
garding hip function and quality of life is generally better. On the other hand, for the
group of patients with an uneventfully healed fracture two years after IF, the hip func-



43

tion and quality of life are comparable to those achieved after a primary THR. Accord-
ingly, IF can be justified only if the follow-up is scrupulous and scheduled at regular
intervals with urgent conversion to an arthroplasty if a fracture healing complication is
diagnosed. A surgeon who is well experienced in hip arthroplasty should perform the
THR, and I believe the anterolateral approach is preferable. The optimal lower age for a
THR is yet to be determined, but current results support, in our opinion, at least 70
years of age. The treatment algorithms for patients with displaced femoral neck frac-
tures in the future would benefit from being patient-related rather than diagnosis-
related.

NUTRITIONAL ASSESSMENT AND ANABOLIC INTERVENTION

In Study V,  the often suggested association between malnutrition and femoral neck
fractures among the elderly was confirmed. A large proportion of the hip-fracture pa-
tients exhibited, apart from reduced muscle mass and subcutaneous fat, subnormal IGF-
1 levels. IGF-1 has been reported to be a good marker for nutritional status (110) and,
accordingly, IGF-1 correlated with the anthropometric variables. Serum levels of
IGFBP-1 are inversely correlated with free IGF-1 (74), which explains the inverse cor-
relations between IGFBP-1 and the anthropometric variables. Recently, the decreased
ratio between IGF-1 and IGFBP-1 has been suggested to be another possible biochemi-
cal marker for malnutrition (75). In support of this suggestion, we found that the ratio
was significantly lower in the underweight subjects than in those with a BMI ≥ 20. Al-
though an osteoporotic hip fracture is generally caused by a low-energy fall, the cata-
bolic stress induced by the fracture itself may have contributed to the observed reduc-
tion in serum IGF-1 concentrations.

An interesting finding in Study V  was the close relationship between nutritional de-
pletion and scores in the NHP, indicating a low quality of life. The differences in qual-
ity-of-life ratings were especially evident when the patients were divided into two
groups according to BMI (more or less than 20). Among the six areas that were evalu-
ated, the feeling of a lack of energy stood out as significantly reduced in the under-
weight patients. This might be of specific relevance for hip-fracture elderly patients in
whom energy and motivation for rehabilitation are of crucial importance for the prog-
nosis after the fracture.

The frequent occurrence of cognitive dysfunction among the patients raises the
question of whether the trauma may have induced confusion or whether the cognitive
impairment was manifest before the trauma. The latter hypothesis is supported by sev-
eral reports on associations between malnutrition and reduced cognitive functions (111,
112). It is conceivable that the combination of malnutrition and cognitive dysfunction
contributes to the propensity for falls and subsequent hip fracture as well as that the
combination of malnutrition and trauma contributes to the development of confusion
and impaired cognitive function.

The results of Study VI showed that nutritional support in combination with nandro-
lone given to lean female patients with femoral neck fractures treated with internal
fixation (IF) had a significant positive effect on ADL function, quality of life and lean
body mass during an intervention period of 6 months. Moreover, something not previ-
ously demonstrated, fracture healing complications had a significant negative impact on
nutritional outcome, i.e. weight and lean body mass, apart from more expected negative
effects on the quality of life and duration of the hospital stay.
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The major finding of  positive effects on ADL and the quality of life in patients on
combined therapy with nutrition and nandrolone may be due to sustained lean body
mass and muscle function, i.e. hand grip strength. At the same time, there were signifi-
cant decreases in lean body mass and arm muscle circumference (AMC) in group C.
The positive effects achieved during the 6-month treatment period were, as expected,
not fully retained after the treatment was stopped. Nandrolone administered to hip
fracture patients has been evaluated previously in two studies. In one, four weeks of
weekly injections had no effect (113). In the other, nandrolone, administered to a mixed
population of hip fracture patients every three weeks for one year, resulted in retained
muscle volume in the injured leg as compared to the control group (57). Moreover, this
study by Hedström et al. showed that hip function and gait speed were better in the
nandrolone-treated group.

Patients receiving nutritional support alone also retained their ADL function better
and showed a lower decrease in the quality of life compared to controls. However, the
positive effects on the quality of life noted in the N patients may be partly explained by
a lower percentage of displaced fractures in this group. This conclusion is indicated by
the regression analyses showing that a non-displaced fracture was strongly related to a
positive outcome regarding the quality of life. Several studies have evaluated the effect
of nutritional treatment after a hip fracture (30, 31, 49-53). The results are not consis-
tent, but the majority of the studies show a positive effect on either anthropometric or
biochemical indicators (30, 49, 52) or on functional measures (30, 31, 50, 52), whereas
some of the previous nutrition intervention studies did not report any major beneficial
effects (53).

A recent meta-analysis of previous randomised controlled trials (114) concluded that
oral multinutrient supplements after a hip fracture tended to reduce the number of com-
plications. Nutritional therapy has been shown to reduce the hospital stay (31, 50, 52)
and the number of complications (31, 50). In the current study, there was a tendency
towards shorter hospital stays in the CT and N groups, but the main denominator for
extended hospital stay appeared to be fracture healing complications.

Our data indicated that liquid supplementation alone has no effect on lean body
mass. This finding is supported by a previous report (115), thus indicating that accre-
tion of muscle requires an anabolic stimulus to complement the nutritional intake. Ex-
ercise may be the preferable anabolic choice (116), albeit it is difficult for many elderly
patients to comply with this. In such circumstances, nandrolone therapy may be an op-
tion. In two previous reports (50) (52), it has been suggested that an oral protein-rich
nutrional intake may have muscle anabolic effects in itself, and the authors suggest that
the registered effects were caused by increased IGF-1 levels due to the protein intake.
Low serum-IGF-1 levels in half of our patients and a low IGF-1/IGFBP1 ratio in 9 out
of 10 patients indicate that this selected group of hip fracture patients was in an active
catabolic state following their fracture. Inflammatory activity, as indicated by elevated
CRP levels, triggered by the trauma and the surgical procedure, most probably explain
the high catabolic activity. During follow-up, serum-IGF-1 levels increased in all three
groups. In contrast to the study by Schürch et al. (52), we did not record a significantly
higher increase of serum-IGF-1 in patients receiving protein-rich supplementation than
in controls. This may be explained by our study being underpowered to answer this
specific question, as a numerical increase in IGF-1 was more pronounced in the sup-
plemented patients.



45

Another finding of the study was that a fracture healing complication had a signifi-
cant negative impact on the nutritional outcome, such as weight and lean body mass.
In the present study, fracture healing complication were, as expected, strongly corre-
lated with a displaced fracture and a negative effect on the quality of life and resulted
in a longer hospital stay mainly due to an increased number of reoperations. In the
regression analysis, fracture displacement was, as expected, a main denominator for
outcome regarding the quality of life. One study has compared IF and total hip re-
placement (THR) in displaced femoral neck fractures regarding nutritional data (117).
A better functional and a more favourable nutritional outcome was reported in pa-
tients with a primary THR. The number of fracture healing complications at one year
in the current patients with displaced fractures was unexpectedly high, i.e. 50%,
probably reflecting the fact that the selected group of patients was older (mean 83
years) and had a lower BMI and more pronounced osteoporosis than patients in pre-
vious studies on femoral neck fractures. For comparison, in the previous studies
(mean age 80 years) including relatively healthy elderly patients (Studies II and IV) ,
the one-year fracture healing complication rate after internal fixation was  25% and
23 %, and the two-year rate was 36%. This may support the trend towards a primary
hip arthroplasty also in patients with a displaced femoral neck fracture and signs of
malnutrition.

A likely explanation of the surprising finding that advanced age (>84 years) and a
low BMI (<20.5 kg/m2) predicted a better outcome regarding the quality of life may be
that these groups had low EQ-5D index scores before the fracture. Consequently, they
were not susceptible to a major decrease in the quality of life. Still, their absolute values
were lower also at follow-ups, compared to patients of a younger age and with a higher
BMI.

We included only patients with a BMI <24 kg/m2 . The criteria for malnutrition are
controversial, but BMI is one of the more frequently used ones. In a recent review
(118), it was suggested that the optimal range of BMI for elderly patients is 24 - 29
kg/m2. One reason for including only lean patients was previous data suggesting that
nutritional intervention is more effective in very thin patients (30).

.
Conclusion

Elderly female patients with femoral neck fractures often displayed protein-energy
malnutrition. IGF-1 and its ratio with IGFBP-1 appeared to be good markers for the
catabolic state of these patients. Thus, the determination of IGF-1 and IGFBP-1 may
facilitate decisions on the treatment procedures in elderly hip fracture patients. Moreo-
ver, these patients often displayed cognitive dysfunction and reduced scores in the
quality-of-life assessment, especially a lack of energy. The patients who were under-
weight had the worst scores in the quality-of-life assessment.

The intervention study supports the use of combined treatment with a protein-rich
formula and nandrolone in lean elderly women with femoral neck fractures, as such
treatment appears to have a positive effect on body composition as well as the func-
tional outcome and quality of life. Fracture-healing complications also seem to nega-
tively influence the nutritional outcome, and future nutritional studies should thor-
oughly analyse the influence of fracture type and fracture healing complications on out-
come. Fracture-healing complications after a displaced femoral neck fracture treated
with IF seem to be even more frequent in lean/malnourished women than indicated in
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previous reports on unselected patients, which may support the use of a primary arthro-
plasty also in this selected patient group.

LIMITATIONS

There are some obvious limitations in the studies in this thesis which need to be dis-
cussed. All assessments of the quality of life before the fracture were based on recall,
which introduces the risk of recall bias. This is thoroughly discussed in the section
Methods, Recall bias.

The number of patients in Study VI  limits the statistical power, especially consider-
ing the effects of nutritional supplementation alone.

Few patients were lost to follow-up in the different studies, about 5% (Study I 6%,
Study II 4%, Study III 4%, Study IV 3% and Study VI 8%). Their outcomes were re-
ported, if possible, and the fact that they did not attend follow-up should not affect the
interpretation and did not greatly affect the results.

The limited number of surgeons involved in Studies III and IV  is both a weakness
and a strength: a strength in the sense that both procedures were performed by experi-
enced surgeons and thereby allow a fair comparison of the methods when correctly un-
dertaken, but a weakness in terms of generalisability. We believe our results in the IF
group are representative of what can be expected from IF when optimally performed.
The low dislocation rate in the THR group may be due to the surgeon’s experience but
also to patient selection, surgical approach and optimised offset. Our conclusion also
includes a recommendation that a primary THR in patients with femoral neck fractures
should be performed by a surgeon who is well experienced in hip arthroplasty. Clearly,
it is an error of judgement to let young and inexperienced surgeons perform these rela-
tively difficult operations, as it is also an error to treat all displaced femoral neck frac-
tures with internal fixation because it is a simple and fast procedure. Considering the
consequences for the individual and the economic implications for society, a more dif-
ferentiated approach is necessary.
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CONCLUSIONS
The EQ-5D appears to be a reliable and valid quality-of-life instrument in elderly pa-
tients with femoral neck fractures. There was a good correlation between the EQ-5D

index scores, including subdimensions and other outcome measures such as pain, mobil-
ity, independence in activities of daily living status (ADL) and independent living
status. The questionnaire response rate was high. (Study I)

The quality of life (EQ-5D index score) after internal fixation (IF) of a femoral neck
fracture decreased from 0.78 before the fracture to 0.59 at 4 months and 0.51 at 17
months after surgery. The decrease was significantly larger among patients with frac-
ture healing complications. (Study I)

The fracture healing complication rate at two years in patients with displaced femoral
neck fractures treated with IF was 36% compared with 7% in patients with undisplaced
fractures. The quality of life (EQ-5D index score) of patients with uneventfully healed
fractures at two year was significantly lower in patients with primary displaced frac-
tures, 0.51, compared to undisplaced fractures, 0.76. (Study II)

The responsiveness was high for both the EQ-5D and the SF-36, indicating that both
instruments are suitable for use as outcome measures in clinical trials in elderly hip
fracture patients. (Study III)

The results supports the notion that a primary total hip replacement (THR) should be
the preferred primary treatment for an elderly, relatively healthy, lucid patient with a
displaced femoral neck fracture. The complication rate was lower than after IF and the
outcome regarding hip function and quality of life was generally better. (Study IV)

Nearly half of the elderly women with femoral neck fractures displayed signs of pro-
tein-energy malnutrition. Underweight was associated with reduced serum levels of
IGF-1, muscle fatigue, cognitive dysfunction and a low quality of life rating (NHP), i.e.
a cluster of factors which may unfavourably influence the postoperative course in a
large proportion of patients with femoral neck fractures. (Study V)

Protein-rich liquid supplementation in combination with nandrolone given during 6
months to lean, elderly women after a femoral neck fracture may positively affect
lean body mass, ADL and quality of life (EQ-5D). (Study VI)

Fracture healing complications had a negative impact on body weight, lean body
mass and quality of life (EQ-5D). (Study VI)
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IMPLICATIONS FOR FUTURE RESEARCH
I believe that patients with femoral neck fracture deserve a more patient-related, rather
than a strictly diagnosis-related, approach. Most patients with a femoral neck fracture
are elderly and frail, but within this population there are several subpopulations, rang-
ing from the independent living, lucid, healthy and active elderly patients to the institu-
tionalised, cognitively impaired and bedridden patient.

For the patient with an undisplaced fracture, the preferred treatment is, without a
doubt, internal fixation (IF). But, for patients with displaced fractures, we have differ-
ent treatment options: IF, unipolar arthroplasty (cemented/uncemented), bipolar arthro-
plasty and the total hip replacement (THR), each with its different risk profile and po-
tential.

There is growing evidence that the independent, lucid, relatively healthy patient
benefits from a THR. Regarding other patient subgroups and other surgical procedures,
i.e. hemiarthroplasty, we have to continue performing randomised controlled trial in
order to find the optimal treatment and indications.

The following needs to be assessed regarding the treatment of displaced femoral
neck fractures:
• The lower age limit for a primary THR
• The outcome after a bipolar arthroplasty
• The outcome after a unipolar arthroplasty
• The optimal treatment for the cognitively impaired patients
• The influence of nutritional support in lean/malnourished elderly patients in a high-

powered study
• Cost-benefit analyses of different interventions
• The optimal rehabilitation after a femoral neck fracture

In my opinion, these future studies should, in addition to conventional outcome meas-
ures, also include the patient’s perspective of the outcome, i.e. a measure of the quality
of life.

Besides future research to optimise the treatment in this patient group, it is crucial
that resources should be given to health-care service, i.e. departments of orthopaedic
surgery, to allow an optimal primary surgical procedure and a decent follow-up regi-
men with the possibility for adequate and urgent treatment of possible hip complica-
tions. I am certain that such a treatment protocol will prove to be worthwhile not only
for the patients but also for health-care givers and society as well.
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ABSTRACT IN SWEDISH
Det ökande antalet höftfrakturer är en utmaning för sjukvård och samhälle. Av gruppen
höftfrakturer är de felställda lårbenshalsfrakturerna (cervikala femurfrakturer) de mest
svårbehandlade och behandlingen hos äldre patienter är fortfarande kontroversiell.
Skruvfixation har varit den dominerande behandlingsmetoden i Skandinavien, medan
primär höftplastik (ledersättning), halvplastik eller total plastik, varit vanligare i övriga
Europa och Nordamerika. Det är av både humanitära och ekonomiska skäl nödvändigt
att optimera den primära behandlingen för att uppnå bättre resultat och minska behovet
av sekundär kirurgi. Vid utvärdering av behandlingsmetoder är det viktigt att analysera
patientens upplevelse av resultatet. Två livskvalitetsinstrument, EQ-5D och SF-36, ut-
värderades hos patienter med cervikal femurfraktur och den hälsorelaterade livskvali-
teten två år efter olika behandlingar registrerades.

EQ-5D visade sig vara ett lämpligt instrument för livskvalitetsregistrering hos äldre
patienter med cervikal femurfraktur. God korrelation förelåg mellan livskvalitetsskatt-
ningen och andra utvärderingsvariabler som smärta, gångförmåga och förmåga att utfö-
ra dagliga aktiviteter (ADL). Både EQ-5D och SF-36 registrerade väl kliniskt viktiga
förändringar i patienternas tillstånd.

Den av patienterna uppskattade livskvaliteten (EQ-5D) veckan före skadan visade
god samstämmighet med värden från en åldersmatchad svensk referenspopulation.
Livskvaliteten sjönk efter behandling med skruvfixation, speciellt hos patienter med
frakturläkningskomplikationer. Frekvensen av frakturläkningskomplikationer efter två
år var som väntat högre hos patienter med felställd fraktur jämfört med icke felställd
fraktur, 36% respektive 7%. Patienter med komplikationsfritt läkta primärt felställda
frakturer hade klart lägre livskvalitet jämfört med patienter med primärt icke felställda
frakturer.

Skruvfixation jämfördes med total höftledsplastik vid behandling av äldre relativt
vitala patienter med felställd cervikal femurfraktur. Efter två år var det fler höftkompli-
kationer efter skruvfixation än efter total höftledsplastik, 36% respektive 4%, och fler
patienter var reopererade, 42% respektive 4%. Höftfunktionen och livskvaliteten (EQ-
5D) var generellt bättre hos patienter som opererats med total höftledsplastik.

Nästan hälften av gruppen äldre kvinnor med cervikal femurfraktur visade tecken
på undernäring (malnutrition). Låg vikt var associerat med muskelsvaghet, kognitiv
dysfunktion och låg livskvalitet (Nottingham Health Profile). Proteinrikt nutritions-
tillskott i kombination med anabola steroider hade en positiv effekt på muskelmassa,
ADL-funktion samt livskvalitet (EQ-5D) hos malnutrierade kvinnor med cervikal
femurfraktur.
Slutsatser
• EQ-5D är ett lämpligt instrument för utvärdering av den hälsorelaterade livskva-

liteten hos äldre patienter med cervikal femurfraktur.
• Skruvfixation av felställd cervikal femurfraktur hos äldre patienter ger hög fre-

kvens frakturläkningskomplikationer, och även patienter med läkt fraktur får en
försämrad livskvalitet.

• Total höftledsplastik rekommenderas som primär behandling vid felställd cervikal
femurfraktur hos äldre relativt vitala patienter.

• Behandling med nutritionstillskott i kombination med anabola steroider bör över-
vägas hos kvinnor med cervikal femurfraktur och tecken på malnutrition.  



50

ACKNOWLEDGEMENTS
The process of completing this thesis has been very stimulating and enjoyable for me
personally. The final result involves the contributions of many individuals.
I would like to especially acknowledge:

Hans Törnkvist, associate professor, Department of Orthopaedics, Stockholm Söder
Hospital, my principal tutor, for teaching me his excellent surgical, educational and sci-
entific skills, for showing me that clinical research is rewarding and for being a good
friend.

Sari Ponzer, associate professor, Department of Orthopaedics, Stockholm Söder Hos-
pital, my co-tutor, for always being supportive and friendly, for creating fantastic op-
portunities for research at the department and for her amazing work capacity.

Olle Svensson, professor, Department of Surgery and Perioperative Sciences at Umeå
University Hospital, my co-tutor, for his brilliant criticisms and enthusiasm, and for
always trying to make me work harder even when I was already working very hard.

Anita Söderqvist, my co-author and research nurse, for being so pleasant to work with,
for her way of handling the study patients and for her stimulating discussions. Truly,
we would not have accomplished this work without her.

Erik Elmstedt, head of the Department of Orthopaedics at Stockholm Söder Hospital,
for being a very human and friendly chief and for supporting my research.

Pelle Netz, former head of the Department of Orthopaedics at Stockholm Söder Hospi-
tal, for intially introducing me to science and for believing in my capacity.

Solveig Nettelbladt, chief secretary of the Department, for always having the correct
answer to all my questions and for always being so friendly and patient.

Tommy Cederholm, associate professor, Department of Geriatric Medicine at Hud-
dinge University Hospital, my co-author, for patiently teaching me nutrition.

Gunnar Bergström, Section for Personal Injury Prevention, Karolinska Institute, my co-
author, for instructive discussions about the validation of quality-of-life instruments and
statistics.

Birgitta Tengstrand, Department of Rheumatology, Huddinge University Hospital, my
co-author, for informative discussions about osteoporosis and treatment with anabolic
steroids.

Niklas Zethraeus, Stockholm School of Economics, my co-author, for discussion about
the quality of life measurements in general and the EuroQol in particular.



51

Pronoti Carlsson, dietian, Department of Medicine at Stockholm Söder Hospital, my
co-author, for showing me the importance of nutrition.

Kerstin Brismar, professor, Department of Endocrinology at Karolinska Hospital, my
co-author, for helping us with analyses of the IGF-1 and IGFBP-1.

Tina Levander, research nurse, for her good help when Anita was away.

Magnus Norèn, IT-responsible at the Department, for his fast and accurate help.

Sven-Erik Johansson, for his statistical advice.

Isaac Austin, for linguistic consultations.

All colleagues at the Orthopaedic Department, Stockholm Söder Hospital, for their
support and patience.

The staff on the Operating Ward at the Orthopaedic Department, Stockholm Söder
Hospital, for their support and interest in the research. Without their support, especially
in the beginning, the randomisation procedure would have been much more difficult.

The staff at the Orthopaedic and Anaesthesiology Department, Stockholm Söder Hos-
pital, for taking good care of our patients and for their supportive interest in our studies.

My beloved mother and late father, for always giving me support, a wonderful child-
hood, never-ending love and for being great grandparents.

Lena, my lovely wife, Mikaela and Joakim, our wonderful children, for being my eve-
rything.

The studies within this thesis were supported by grants from the Swedish National
Board of Health and Welfare, the Stockholm County Council, Trygg-Hansa Insurance
Company, the Swedish Orthopaedic Association, the Swedish Society for Medical Re-
search, Nutricia Nordica AB and Nycomed AB.



52

REFERENCES

1. Cooper C, Campion G, Melton LJ, 3rd. Hip fractures in the elderly: a world-wide
projection. Osteoporos Int 1992;2:285-289.

2. Cummings SR, Nevitt MC, Browner WS, Stone K, Fox KM, Ensrud KE, et al. Risk
factors for hip fracture in white women. Study of Osteoporotic Fractures Research
Group. N Engl J Med 1995;332:767-773.

3. Zetterberg C, Elmerson S, Andersson GB. Epidemiology of hip fractures in Gote-
borg, Sweden, 1940-1983. Clin Orthop 1984:43-52.

4. Garden RS. Low-angle Fixation in Fractures of the Femoral Neck. Journal of Bone
and Joint Surgery 1961;43-B:647.

5. Strömqvist B, Hansson LI, Nilsson LT, Thorngren KG. Two-year follow-up of
femoral neck fractures. Comparison of osteosynthesis methods. Acta Orthop Scand
1984;55:521-525.

6. Madsen F, Linde F, Andersen E, Birke H, Hvass I, Poulsen TD. Fixation of dis-
placed femoral neck fractures. A comparison between sliding screw plate and four can-
cellous bone screws. Acta Orthop Scand 1987;58:212-216.

7. Strömqvist B, Hansson LI, Nilsson LT, Thorngren KG. Hook-pin fixation in femoral
neck fractures. A two-year follow-up study of 300 cases. Clin Orthop 1987:58-62.

8. Elmerson S, Andersson GB, Irstam L, Zetterberg C. Internal fixation of femoral neck
fracture. No difference between the Rydell four-flanged nail and Gouffon's pins. Acta
Orthop Scand 1988;59:372-376.

9. Rehnberg L, Olerud C. Subchondral screw fixation for femoral neck fractures. J
Bone Joint Surg [Br] 1989;71:178-180.

10. Holmberg S, Mattsson P, Dahlborn M, Ersmark H. Fixation of 220 femoral neck
fractures. A prospective comparison of the Rydell nail and the LIH hook pins. Acta
Orthop Scand 1990;61:154-157.

11. Sernbo I, Johnell O, Bååth L, Nilsson JA. Internal fixation of 410 cervical hip frac-
tures. A randomized comparison of a single nail versus two hook-pins. Acta Orthop
Scand 1990;61:411-414.

12. Wihlborg O. Fixation of femoral neck fractures. A four-flanged nail versus threaded
pins in 200 cases. Acta Orthop Scand 1990;61:415-418.



53

13. Strömqvist B, Nilsson LT, Thorngren KG. Femoral neck fracture fixation with
hook-pins. 2-year results and learning curve in 626 prospective cases. Acta Orthop
Scand 1992;63:282-287.

14. Elmerson S, Sjöstedt A, Zetterberg C. Fixation of femoral neck fracture. A ran-
domized 2-year follow-up study of hook pins and sliding screw plate in 222 patients.
Acta Orthop Scand 1995;66:507-510.

15. Lindequist S, Törnkvist H. Quality of reduction and cortical screw support in femo-
ral neck fractures. An analysis of 72 fractures with a new computerized measuring
method. J Orthop Trauma 1995;9:215-221.

16. Johansson T, Jacobsson SA, Ivarsson I, Knutsson A, Wahlström O. Internal fixation
versus total hip arthroplasty in the treatment of displaced femoral neck fractures: a pro-
spective randomized study of 100 hips. Acta Orthop Scand 2000;71:597-602.

17. Rogmark C, Carlsson A, Johnell O, Sernbo I. A prospective randomised trial of in-
ternal fixation versus arthroplasty for displaced fractures of the neck of the femur.
Functional outcome for 450 patients at two years. J Bone Joint Surg Br 2002;84:183-
188.

18. Brooks R. EuroQol: the current state of play. Health Policy 1996;37:53-72.

19. Williams A. The role of the Euroqol Instrument in QUALY calculations. York: The
University of  York, Centre for Health Economics; 1995 March 1995. Report No.: Pa-
per 130.

20. Lu-Yao GL, Keller RB, Littenberg B, Wennberg JE. Outcomes after displaced
fractures of the femoral neck. A meta-analysis of one hundred and six published re-
ports. J Bone Joint Surg Am 1994;76:15-25.

21. Thorngren KG. State of the Art - Hip fractures. In. 2.0 ed: The National Board of
Health and Welfare; 2002.

22. Skinner P, Riley D, Ellery J, Beaumont A, Coumine R, Shafighian B. Displaced
subcapital fractures of the femur: a prospective randomized comparison of internal
fixation, hemiarthroplasty and total hip replacement. Injury 1989;20:291-293.

23. Jonsson B, Sernbo I, Carlsson A, Fredin H, Johnell O. Social function after cervical
hip fracture. A comparison of hook-pins and total hip replacement in 47 patients. Acta
Orthop Scand 1996;67:431-434.

24. Neander G. Displaced femoral neck fractures. Studies on osteosyntesis and total hip
arthoplasty. Danderyd: Karolinska Institutet; 2000.

25. Ravikumar KJ, Marsh G. Internal fixation versus hemiarthroplasty versus total hip
arthroplasty for displaced subcapital fractures of femur--13 year results of a prospective
randomised study. Injury 2000;31:793-797.



54

26. Masson M, Parker M, Fleischer S. Internal fixation versus arthroplasty for intracap-
sular proximal femoral fractures in adults. The Cochrane Library, Issue 3, Oxford: Up-
date Software 2002.

27. Lumbers M, Driver LT, Howland RJ, Older MWJ, Williams CM. Nutritional status
and clinical outcome in elderly female surgical orthopaedic patients. Clinical Nutrition
1996:101-107.

28. Vellas B, Conceicao J, Lafont C, Fontan B, Garry PJ, Adoue D, et al. Malnutrition
and falls [letter; comment] [see comments]. Lancet 1990;336:1447.

29. Lotz JC, Hayes WC. The use of quantitative computed tomography to estimate risk
of fracture of the hip from falls. J Bone Joint Surg [Am] 1990;72:689-700.

30. Bastow MD, Rawlings J, Allison SP. Benefits of supplementary tube feeding after
fractured neck of femur: a randomised controlled trial. Br Med J (Clin Res Ed)
1983;287:1589-1592.

31. Delmi M, Rapin CH, Bengoa JM, Delmas PD, Vasey H, Bonjour JP. Dietary sup-
plementation in elderly patients with fractured neck of the femur [see comments]. Lan-
cet 1990;335:1013-1016.

32. Bowling A. Measuring health: a review of quality of life measurement scales. 2nd
ed ed. Buckingham, Great Britain; 1997.

33. Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF-36).
Conceptual framework and item selection. Med Care 1992;30:473-483.

34. Ware JE. SF-36 health survey update. Spine 2000;25:3130-3139.

35. Hunt SM, McEwen J, McKenna SP. Measuring health status: a new tool for clini-
cians and epidemiologists. J R Coll Gen Pract 1985;35:185-188.

36. Borgquist L, Nilsson LT, Lindelöw G, Wiklund I, Thorngren KG. Perceived health
in hip-fracture patients: a prospective follow-up of 100 patients. Age Ageing
1992;21:109-116.

37. Coast J, Peters TJ, Richards SH, Gunnell DJ. Use of the EuroQoL among elderly
acute care patients. Qual Life Res 1998;7:1-10.

38. van Balen R, Steyerberg EW, Polder JJ, Ribbers TL, Habbema JD, Cools HJ. Hip
fracture in elderly patients: outcomes for function, quality of life, and type of residence.
Clin Orthop 2001:232-243.

39. Randell AG, Nguyen TV, Bhalerao N, Silverman SL, Sambrook PN, Eisman JA.
Deterioration in quality of life following hip fracture: a prospective study. Osteoporos
Int 2000;11:460-466.



55

40. Nilsson LT, Franzen H, Strömqvist B, Wiklund I. Function of the hip after femoral
neck fractures treated by fixation or secondary total hip replacement. Int Orthop
1991;15:315-318.

41. Parker MJ, Blundell C. Choice of implant for internal fixation of femoral neck
fractures. Meta-analysis of 25 randomised trials including 4,925 patients. Acta Orthop
Scand 1998;69:138-143.

42. The Swedish National Hip Arthoplasty Registry. In.: http://www.jru.orthop.gu.se/;
2002.

43. SCB, Statistics Sweden. In.: http://www.scb.se; 2002.

44. Woo RY, Morrey BF. Dislocations after total hip arthroplasty. J Bone Joint Surg
Am 1982;64:1295-1306.

45. Taine WH, Armour PC. Primary total hip replacement for displaced subcapital
fractures of the femur. J Bone Joint Surg [Br] 1985;67:214-217.

46. Moore AT. Metal hip joint: a new self-locking vitallium prosthesis. Southern Medi-
cal Journal 1952;45:1015-1019.

47. Thompson F, R. Two and a half years' experience with a vitallium intramedullary
hip prosthesis. Journal of Bone and Joint Surgery, Am 1954;36:489-500.

48. Parker MJ, Rajan D. Arthroplasties (with and without bone cement) for proximal
femoral fractures in adults. Cochrane Database Syst Rev 2001;3.

49. Williams CM, Driver LT, Older J, Dickerson JW. A controlled trial of sip-feed
supplements in elderly orthopaedic patients. Eur J Clin Nutr 1989;43:267-274.

50. Tkatch L, Rapin CH, Rizzoli R, Slosman D, Nydegger V, Vasey H, et al. Benefits
of oral protein supplementation in elderly patients with fracture of the proximal femur.
J Am Coll Nutr 1992;11:519-525.

51. Sullivan DH, Nelson CL, Bopp MM, Puskarich-May CL, Walls RC. Nightly en-
teral nutrition support of elderly hip fracture patients: a phase I trial. J Am Coll Nutr
1998;17:155-161.

52. Schürch MA, Rizzoli R, Slosman D, Vadas L, Vergnaud P, Bonjour JP. Protein
supplements increase serum insulin-like growth factor-I levels and attenuate proximal
femur bone loss in patients with recent hip fracture. A randomized, double-blind, pla-
cebo-controlled trial [see comments]. Ann Intern Med 1998;128:801-809.

53. Espaulella J, Guyer H, Diaz-Escriu F, Mellado-Navas JA, Castells M, Pladevall M.
Nutritional supplementation of elderly hip fracture patients. A randomized, double-
blind, placebo-controlled trial. Age Ageing 2000;29:425-431.



56

54. Jiang ZM, He GZ, Zhang SY, Wang XR, Yang NF, Zhu Y, et al. Low-dose growth
hormone and hypocaloric nutrition attenuate the protein-catabolic response after major
operation. Ann Surg 1989;210:513-524; discussion 524-525.

55. Steele FR. Growth hormone and AIDS-related wasting. Nat Med 1996;2:369-370.

56. Fazio S, Sabatini D, Capaldo B, Vigorito C, Giordano A, Guida R, et al. A prelimi-
nary study of growth hormone in the treatment of dilated cardiomyopathy. N Engl J
Med 1996;334:809-814.

57. Hedström M, Sjöberg K, Brosjö E, Åström K, Sjöberg H, Dalen N. Positive effects
of anabolic steroids, vitamin D and calcium on muscle mass, bone mineral density and
clinical function after a hip fracture. A randomised study of 63 women. J Bone Joint
Surg Br 2002;84:497-503.

58. Pfeiffer E. A short portable mental status questionnaire for the assessment of or-
ganic brain deficit in elderly patients. J Am Geriatr Soc 1975;23:433-441.

59. Garden R. Stability and union in subcapital fractures of the femur. J Bone Joint
Surg Br 1964;46 B:630-647.

60. Frandsen PA, Andersen E, Madsen F, Skjodt T. Garden's classification of femoral
neck fractures. An assessment of inter-observer variation. J Bone Joint Surg [Br]
1988;70:588-590.

61. Thomsen NO, Jensen CM, Skovgaard N, Pedersen MS, Pallesen P, Soe-Nielsen
NH, et al. Observer variation in the radiographic classification of fractures of the neck
of the femur using Garden's system. Int Orthop 1996;20:326-329.

62. Parker MJ. Garden grading of intracapsular fractures: meaningful or misleading?
Injury 1993;24:241-242.

63. Ceder L, Thorngren KG, Wallden B. Prognostic indicators and early home reha-
bilitation in elderly patients with hip fractures. Clin Orthop 1980:173-184.

64. Charnley J. The long-term results of low-friction arthroplasty of the hip performed
as a primary intervention. J Bone Joint Surg Br 1972;54:61-76.

65. Maxwell C. Sensitivity and accuracy of the visual analogue scale: a psycho-physi-
cal classroom experiment. Br J Clin Pharmacol 1978;6:15-24.

66. Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic functional mobil-
ity for frail elderly persons. J Am Geriatr Soc 1991;39:142-148.

67. Katz S, Ford A, Moskowitz R, Jackson B, Jaffe M. Studies of illness in the aged.
The index of ADL: A standardized measure of biological and psychological function.
JAMA 1963;185:94-99.



57

68. Heimburger O, Qureshi AR, Blaner WS, Berglund L, Stenvinkel P. Hand-grip mus-
cle strength, lean body mass, and plasma proteins as markers of nutritional status in pa-
tients with chronic renal failure close to start of dialysis therapy. Am J Kidney Dis
2000;36:1213-1225.

69. Symreng T. Arm anthropometry in a large reference population and in surgical pa-
tients. Clin Nutr 1982;1:211-219.

70. Thoren M, Hilding A, Brismar T, Magnusson P, Degerblad M, Larsson L, et al. Se-
rum levels of insulin-like growth factor binding proteins (IGFBP)-4 and -5 correlate
with bone mineral density in growth hormone (GH)-deficient adults and increase with
GH replacement therapy. J Bone Miner Res 1998;13:891-899.

71. Bang P, Eriksson U, Sara V, Wivall IL, Hall K. Comparison of acid ethanol extrac-
tion and acid gel filtration prior to IGF-I and IGF-II radioimmunoassays: improvement
of determinations in acid ethanol extracts by the use of truncated IGF-I as radioligand.
Acta Endocrinol (Copenh) 1991;124:620-629.

72. Hilding A, Brismar K, Degerblad M, Thoren M, Hall K. Altered relation between
circulating levels of insulin-like growth factor-binding protein-1 and insulin in growth
hormone-deficient patients and insulin-dependent diabetic patients compared to that in
healthy subjects. J Clin Endocrinol Metab 1995;80:2646-2652.

73. Povoa G, Enberg G, Jornvall H, Hall K. Isolation and characterization of a soma-
tomedin-binding protein from mid-term human amniotic fluid. Eur J Biochem
1984;144:199-204.

74. Frystyk J, Vestbo E, Skjaerbaek C, Mogensen CE, Orskov H. Free insulin-like
growth factors in human obesity. Metabolism 1995;44:37-44.

75. Lindgren BF, Odar-Cederlof I, Ericsson F, Brismar K. Decreased bioavailability of
insulin-like growth factor-I, a cause of catabolism in hemodialysis patients? Growth
Regul 1996;6:137-143.

76. Mazess RB, Barden HS, Bisek JP, Hanson J. Dual-energy x-ray absorptiometry for
total-body and regional bone-mineral and soft-tissue composition. Am J Clin Nutr
1990;51:1106-1112.

77. Cederholm T, Jägren C, Hellström K. Nutritional status and performance capacity
in internal medical patients. Clin Nutr 1993;12:8-14.

78. Brazier JE, Walters SJ, Nicholl JP, Kohler B. Using the SF-36 and Euroqol on an
elderly population. Qual Life Res 1996;5:195-204.

79. Dorman P, Slattery J, Farrell B, Dennis M, Sandercock P. Qualitative comparison
of the reliability of health status assessments with the EuroQol and SF-36 question-



58

naires after stroke. United Kingdom Collaborators in the International Stroke Trial.
Stroke 1998;29:63-68.

80. Harper R, Brazier JE, Waterhouse JC, Walters SJ, Jones NM, Howard P. Compari-
son of outcome measures for patients with chronic obstructive pulmonary disease
(COPD) in an outpatient setting. Thorax 1997;52:879-887.

81. Hurst NP, Kind P, Ruta D, Hunter M, Stubbings A. Measuring health-related qual-
ity of life in rheumatoid arthritis: validity, responsiveness and reliability of EuroQol
(EQ-5D). Br J Rheumatol 1997;36:551-559.

82. Dolan P, Gudex C, Kind P, Williams A. The time trade-off method: results from a
general population study. Health Econ 1996;5:141-154.

83. Macran S, Kind P. "Death" and the valuation of health-related quality of life. Med
Care 2001;39:217-227.

84. Burström K, Johannesson M, Diderichsen F. Swedish population health-related
quality of life results using the EQ-5D. Qual Life Res 2001;10:621-635.

85. Sullivan M, Karlsson J, Ware JE, Jr. The Swedish SF-36 Health Survey--I. Evalua-
tion of data quality, scaling assumptions, reliability and construct validity across gen-
eral populations in Sweden. Soc Sci Med 1995;41:1349-1358.

86. Bronfort G, Bouter LM. Responsiveness of general health status in chronic low
back pain: a comparison of the COOP charts and the SF-36. Pain 1999;83:201-209.

87. Beaton DE, Hogg-Johnson S, Bombardier C. Evaluating changes in health status:
reliability and responsiveness of five generic health status measures in workers with
musculoskeletal disorders. J Clin Epidemiol 1997;50:79-93.

88. Katz JN, Larson MG, Phillips CB, Fossel AH, Liang MH. Comparative measure-
ment sensitivity of short and longer health status instruments. Med Care 1992;30:917-
925.

89. Ware JE, Kosinski M, Keller SD. SF-36 Physical and Mental Health Summary
Scales: A Users' Manual. Boston; 1994.

90. Wiklund I, Herlitz J, Bengtson A, Hjalmarson A. Long-term follow-up of health-
related quality of life in patients with suspected acute myocardial infarction when the
diagnosis was not confirmed. Scand J Prim Health Care 1991;9:47-52.

91. Wiklund I. Svensk version av nottingham Health Profile - NHP (Swedish version of
NHP). Göteborg, Sweden: Tryck Ofta Grafiska; 1992.

92. Wiklund I, Romanus B. A comparison of quality of life before and after arthro-
plasty in patients who had arthrosis of the hip joint. J Bone Joint Surg [Am]
1991;73:765-769.



59

93. Hunt SM, McKenna SP, McEwen J, Backett EM, Williams J, Papp E. A quantita-
tive approach to perceived health status: a validation study. J Epidemiol Community
Health 1980;34:281-286.

94. Hunt SM, McKenna SP, McEwen J, Williams J, Papp E. The Nottingham Health
Profile: subjective health status and medical consultations. Soc Sci Med [A]
1981;15:221-229.

95. MacKenzie EJ, Cushing BM, Jurkovich GJ, Morris JA, Burgess AR, deLateur BJ,
et al. Physical impairment and functional outcomes six months after severe lower ex-
tremity fractures. J Trauma 1993;34:528-38; Discussion 538-539.

96. Jaglal S, Lakhani Z, Schatzker J. Reliability, validity, and responsiveness of the
lower extremity measure for patients with a hip fracture. J Bone Joint Surg Am
2000;82-A:955-962.

97. Hardinge K. The direct lateral approach to the hip. J Bone Joint Surg Br
1982;64:17-19.

98. Gruen TA, McNeice GM, Amstutz HC. "Modes of failure" of cemented stem-type
femoral components: a radiographic analysis of loosening. Clin Orthop 1979:17-27.

99. DeLee JG, Charnley J. Radiological demarcation of cemented sockets in total hip
replacement. Clin Orthop 1976:20-32.

100. Velleman PF, Wilkinson L. Nominal, ordinal, interval, and ratio typologies are
misleading. The American Statistician 1993;47:65-72.

101. Cohen J. Statistical Power Analysis for the Behavioral Sciences, 2nd edition. New
Jersey; 1988.

102. Kazis LE, Anderson JJ, Meenan RF. Effect sizes for interpreting changes in health
status. Med Care 1989;27:S178-189.

103. Harris WH. Traumatic arthritis of the hip after dislocation and acetabular frac-
tures: treatment by mold arthroplasty. An end-result study using a new method of result
evaluation. J Bone Joint Surg [Am] 1969;51:737-755.

104. Brazier J, Jones N, Kind P. Testing the validity of the Euroqol and comparing it
with the SF-36 health survey questionnaire [see comments]. Qual Life Res 1993;2:169-
180.

105. Strömberg L, Lindgren U, Nordin C, Ohlen G, Svensson O. The appearance and
disappearance of cognitive impairment in elderly patients during treatment for hip
fracture. Scand J Caring Sci 1997;11:167-175.



60

106. Rehnberg L, Olerud C. Fixation of femoral neck fractures. Comparison of the
Uppsala and von Bahr screws. Acta Orthop Scand 1989;60:579-584.

107. Olerud C, Rehnberg L, Hellquist E. Internal fixation of femoral neck fractures.
Two methods compared. J Bone Joint Surg [Br] 1991;73:16-19.

108. Hernefalk L, Granström P, Messner K. Early roentgenological grading of femoral
shortening is correlated to the late outcome after femoral neck fractures. Acta Radiol
1995;36:233-236.

109. Ragnarsson JI, Kärrholm J. Stability of femoral neck fracture. Roentgen stere-
ophotogrammetry of 29 hook-pinned fractures. Acta Orthop Scand 1991;62:201-207.

110. Minuto F, Barreca A, Adami GF, Fortini P, Del Monte P, Cella F, et al. Insulin-
like growth factor-I in human malnutrition: relationship with some body composition
and nutritional parameters. JPEN J Parenter Enteral Nutr 1989;13:392-396.

111. Sandman PO, Adolfsson R, Nygren C, Hallmans G, Winblad B. Nutritional status
and dietary intake in institutionalized patients with Alzheimer's disease and multiinfarct
dementia. J Am Geriatr Soc 1987;35:31-38.

112. Wolf-Klein GP, Silverstone FA. Weight loss in Alzheimer's disease: an interna-
tional review of the literature. Int Psychogeriatr 1994;6:135-142.

113. Sloan JP, Wing P, Dian L, Meneilly GS. A pilot study of anabolic steroids in eld-
erly patients with hip fractures. J Am Geriatr Soc 1992;40:1105-1111.

114. Avenell A, Handoll HH. Nutritional supplementation for hip fracture aftercare in
the elderly. Cochrane Database Syst Rev 2000;4.

115. Schols AM, Soeters PB, Mostert R, Pluymers RJ, Wouters EF. Physiologic effects
of nutritional support and anabolic steroids in patients with chronic obstructive pulmo-
nary disease. A placebo-controlled randomized trial. Am J Respir Crit Care Med
1995;152:1268-1274.

116. Fiatarone MA, O'Neill EF, Ryan ND, Clements KM, Solares GR, Nelson ME, et
al. Exercise training and nutritional supplementation for physical frailty in very elderly
people. N Engl J Med 1994;330:1769-1775.

117. Bachrach-Lindström M, Johansson T, Unosson M, Ek AC, Wahlström O. Nutri-
tional status and functional capacity after femoral neck fractures: a prospective ran-
domized one-year follow-up study. Aging (Milano) 2000;12:366-374.

118. Beck AM, Ovesen L. At which body mass index and degree of weight loss should
hospitalized elderly patients be considered at nutritional risk? Clin Nutr 1998;17:195-
198.


