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“Three months after the fracture, I no longer needed to visit 
the hospital because the doctor said that the X-ray showed 
healing of the fracture. But I continued to have problems 
two years after the fracture. I went to acupuncture, to the 
chiropractor, and so on. Since I believed that the X-ray 
showed healing of the fracture, I thought that the pain 
would soon leave. But too much time passed without the 
pain subsiding. During two years of my life, I missed out on 
so many things. If there was a good treatment, I would have 
taken.” 
 
From my relative with an osteoporotic vertebral compression 
fracture 
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DEFINITIONS AND ABBREVIATIONS  
 
vertebral fracture  a break in the continuity of the vertebral bone 
vertebral deformity  changes in the shape of the vertebral body visible on 
       a lateral spinal radiograph, especially when using  
       quantitative morphometric methods in    
       epidemiological studies including vertebral fracture 
       and degenerative or congenital change 
incident fracture vertebral fracture assessed by a series of radiographs 

taken over time [6], usually using a morphometric 
method comparing a baseline X-ray with a 
following examination 

prevalent fracture  vertebral fracture assessed by an evaluation of   
     spinal radiographs taken at a single time point   
     [6], usually using a morphometric method, and not  
     differentiating between an acute and a previous  
     fracture 

acute fracture   a fracture not older than approximately one month 
previous fracture   a fracture which happened before the acute fracture 
subclinical fracture  a vertebral fracture not clinically diagnosed, i.e.  
       a vertebral fracture detected in a population-based  
       radiographic survey 
adjacent fracture   a fracture which exists on an adjacent vertebra 
osteoporosis    a skeletal disorder characterized by compromised  
       bone strength predisposing a person to an increased 
       risk of fracture [80] 
bone fragility fracture or the risk of a fracture, even with minor 

trauma 
ADL       activities of daily living 
ANOVA     analysis of variance 
EQ-5D      five-dimensional scale of the EuroQol instrument 
MD       median 
MRI       Magnetic Resonance Image 
ns      not significant 
QoL       quality of life 
SD       standard deviation 
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ABSTRACT 

The acute osteoporotic vertebral compression fracture 
Its natural course and characteristics 

Nobuyuki Suzuki 

Department of Orthopaedics, Institute of Clinical Sciences at Sahlgrenska 
Academy, University of Gothenburg, Göteborg, Sweden 

Aim 
The vertebral body fracture is the most frequent type of all osteoporotic 
fractures. In spite of this, there is considerable uncertainty regarding its 
frequency, the severity and duration of the pain, and the magnitude of 
impairment in terms of disability and disturbed activities of daily life during 
the post-fracture period. The overall aim of this thesis was to investigate the 
natural course and the characteristics of the acute osteoporotic vertebral 
compression fracture in order to better understand and improve treatment for 
this type of fracture. 
Patients and methods 
Eligible patients were all patients over 40 years of age who sought medical 
care at the emergency unit at Sahlgrenska University Hospital (studies I-III) 
or referred to the X-ray Department at Capio Diagnostic Center (study IV) 
because of back pain with a radiographically-confirmed acute vertebral body 
fracture which resulted from a low energy trauma. In studies I-III, a total of 
107 patients were followed over one year using postal questionnaires. In study 
IV, a total of 448 patients were included. 
The pain, disability, ADL, and QoL were measured after 3 weeks, and 3, 6 
and 12 months (studies I-III). The patient and fracture characteristics on the 
first X-ray visit were evaluated in all the studies.  
Results 
Studies I-III. For all the outcome measures, the largest improvements, 10-
15%, occurred between 3 weeks and 3 months. Thereafter, all the outcome 
measures levelled off or even worsened. One year after the fracture event, the 
patients’ conditions were poor: 60.5 for the pain intensity score, 53.9 for the 
disability score, 47.6 for the ADL score, and 0.52 for EQ-5D. These average 
values are similar to values seen preoperatively in patients with a herniated 
lumbar disc disease or in patients who are 100% disabled from work due to 
back or neck problems. The most influential factors were the initial fracture 
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deformation severity and the number of previous fractures, whereas fracture 
level, fracture type, and gender influenced to a lesser extent. 
Study IV. The acute fracture characteristics were similar to those found in 
previous population-based studies of incident and prevalent fractures and in 
studies I-III. In the prevalent fracture analysis, concave fractures were 
frequent below L2 whereas wedge fractures were more frequent above L2. 
Mildly deformed fractures increased in the caudal direction and moderately 
deformed fractures increased in the cranial direction. Severely deformed 
fractures were frequent in the mid-thoracic spine and at the thoracolumbar 
junction.  
Conclusions 
One year after the acute fracture, it was striking to find that 76% of the 
patients still had a high pain intensity and the mean QoL score was 35% lower 
than the population value for the same age group. This finding is quite 
different from the generally believed good prognosis for such a fracture. 
There is potential for better treatment. The relationship between the poor 
outcomes and the initial facture deformation severity specifically suggests the 
indication for invasive treatment, such as vertebroplasty or kyphoplasty.  
 
Keywords: Vertebral body fracture, Osteoporosis, Pain, Quality of life, 
Disability, Compression fracture, Prognosis, Treatment, Prevalent fracture, 
Epidemiology 
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SUMMARY IN JAPANESE 
要約 
 

骨粗鬆症性脊椎圧迫骨折； 
その自然経過と特徴について 

 
鈴木伸幸 

ヨーテボリ大学 サルグレンスカ研究所 医学研究科 整形外科分野 
 
目的 
脊椎圧迫骨折は骨粗鬆性骨折の中でもっとも頻度の高い骨折である。それにも関

わらず、時間経過におけるその痛みの頻度や程度、さらには日常生活の障害程度

などについて、はっきりした研究はなされていない。この一連の論文の目的は骨

粗鬆症性脊椎圧迫骨折の自然経過とレントゲン的、疫学的特徴を明らかにし、今

後の治療に役立てることである。 
対象および方法 
Studies I-III：サルグレンスカ大学病院の救急外来に腰痛のため受診し、微小外力

による新規圧迫骨折をレントゲン上認めた 40 歳以上の患者が対象である。この研

究への参加の同意が得られ、1 年間にわたる郵送による質問表への返答が得られ

たのは 107 名であった。痛み、痛みによる生活障害程度、ADL、QOL について骨

折後 3 週、3 ヶ月、6 ヶ月、12 ヶ月に評価した。同時に骨折のレントゲン的特徴な

ども評価した。 
Study IV：サルグレンスカ大学病院の救急外来に腰痛のため受診した患者および

ヨーテボリの主要なレントゲンセンターである Capio Diagnositc Center にレントゲ

ン撮影を腰痛のため依頼された患者で微小外力による新規圧迫骨折をレントゲン

上認められた 40 歳以上の患者についてその骨折のレントゲン的特徴などについて

評価した。 
結果 
Studies I-III：すべての質問表評価において 3 週後と 3 ヶ月後の間にて最も顕著な

状態の改善が見られた。それでも 3 週後の値と比較すると平均約 10-15%の改善し

か見られなかった。しかし、その後はすべての評価は変わらないか、逆に悪化す

る傾向さえ見られた。1 年後の状態は決して良いものではなく、pain intensity score
は 60.5、disability score は 53.9、ADL score は 47.6、EQ-5D は 0.52 であった。これ

らの状態は手術前の椎間板ヘルニアの患者や、腰痛や頚部痛のため 1 ヶ月以上完

全に仕事を休んでいる患者の状態に匹敵するものであった。この障害状態に最も

関連している因子として初期の骨折程度と既存骨折の数があげられたが、骨折高

位や骨折型、性別などの影響は少なかった。 
Study IV：臨床的に診断された新規圧迫骨折および患者の特徴はこれまでの

population based study における incident fracture や prevalent fracture の特徴と類似し

ていた。さらに Studies I-III では多くの患者が研究に参加しなかったため患者選択
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のバイアスが起きた可能性があったにも関わらず、その患者の特徴はこの Study 
IV と類似していた。既存骨折の解析では中央陥凹型は L2 より遠位に多く、楔状

型は L2 より近位に多かった。軽度変形骨折は尾側方向に向かって増加し、中度変

形骨折は頭側方向に向かって増加した。重度変形骨折は胸椎中央部と胸腰椎移行

部に集中する傾向があった。 
考察 
骨折後 1 年にても 76%の患者がひどい痛みを感じており、QOL も同年代の平均値

と比べると 35%も低い値であり、この骨折は予後良好と以前より信じられていた

が、それと反するものであった。一因としてこの強固な外固定なしの早期

mobilization が有効でない可能性も否定できない。また、3 ヶ月以降状態が改善し

ないこと、重度変形骨折および既存骨折の数が主要な予後不良因子であることを

考えると、3 ヶ月しても症状が改善しないような既存骨折を伴う重度変形骨折は、

最近開発された比較的侵襲が少なく有効性の高い vertebro-または kypho-plasty を考

慮してもいいのではないかと思われる。 
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INTRODUCTION 
 

 

The natural course of an acute vertebral compression fracture 

In a clinical situation, the type and severity of symptoms can vary from 
patient to patient and also over time. A patient may sometimes experience 
pain that is very severe despite a minor injury. Another patient may 
experience little or no pain despite a major injury.  Some patients experience 
severe initial pain that improves rapidly over time, while others experience 
mild initial pain that worsens over time. The studies of this thesis were 
motivated by the fact that the natural course of this very common fracture was 
largely unknown. Knowledge of the prognosis of the pain, ADL and QoL 
after an acute fracture would aid in the improvement in treatment and advice 
for these disabled patients.  
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BACKGROUND 
 
 

1. Epidemiology of vertebral body fractures 
1.1. Prevalence and incidence 
The vertebral body fracture is the most frequent type of osteoporotic fracture 
[13]. Approximately 30-50% of women and 20-30% of men develop vertebral 
fractures and half of them develop multiple fractures during their lifetime, 
compared with a 15.6% lifetime risk of a hip fracture [92]. In Sweden and 
Japan, the prevalence and incidence rates of vertebral fractures are among the 
highest in the world [29, 33, 95]. The age-adjusted incidence rate of a 
vertebral body fracture in Swedish women has been found to be 17.7 in 1000 
person-years [29]. The prevalence rate in Japanese women 70 years of age is 
30-40% [33]. Since the incidence rate of this fracture increases with age, it is 
also likely that the fracture prevalence rate will increase in the near future due 
to the increasing proportion of elderly in most populations [62]. In addition,  
remarkable increases in incidence and prevalence rates among similar age 
groups, especially among those of older age, were noted between the 1950s 
and 1980s in Sweden [5]. A rising incidence of elderly with osteoporosis, a 
higher frequency of falls, and a higher incidence of deleterious falls have been 
suggested as reasons for this increase [63, 82].  
Once a vertebral compression fracture occurs, it can be a risk factor for future 
fractures, including non-spinal fragility fractures [40, 59, 77]. The occurrence 
of a vertebral fracture has also been found to be associated with an increased 
mortality [14, 15, 58]. 
1.2. Economic impact 
In Sweden, the average medical cost for the first year after a vertebral fracture 
has been estimated as 12544 €, as compared to 14221 € for a hip fracture [8]. 
This demonstrates that the vertebral compression fracture is significant not 
only in terms of high prevalence, but also in terms of medical expenditure. 
 

2. Study design  
For studying vertebral body fractures, two different types of study designs 
may be used: population-based or clinical case. Most studies are population-
based, and report the number and effect of prevalent fractures. 
2.1. Population-based study 
A population-based study evaluates the average effects among all people with 
vertebral fractures, including symptomatic and asymptomatic patients who do 
not seek medical care, and tries to detect subtle changes that may not be 
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reported as symptoms. Changes in vertebral body shape, visible on a lateral 
spinal radiograph, do not always represent a fracture. Congenital 
abnormalities, Scheurmann’s disease, malignancies and degenerative 
conditions may resemble fracture changes. Since a population-based study 
usually uses morphometric approaches for defining and quantifying vertebral 
fractures, there is the risk that other deformities may be included. For this 
reason, changes in vertebral body shape, visible on a lateral spinal radiograph, 
especially when using quantitative morphometric methods in epidemiological 
studies, are also referred to as vertebral deformities rather than vertebral 
fractures [65, 66]. Two different types of fractures or deformities can be 
studied, prevalent or incident. 
2.1.1. Prevalent deformity (fracture) study 
In this situation, the X-ray is taken only at one certain point in time. It is not 
known when the deformity (fracture) actually occurred. For this reason, acute 
and previous fractures, as well as non-fracture-related deformities, can also be 
included.  
2.1.2. Incident fracture (deformity) study 
The incidence fracture refers to a fracture occurring between two different X-
ray examinations. Among other measures, changes in vertebral height can be 
quantified using these two X-rays. In the literature, the reported duration 
between the two examinations has usually been between 1-3 years, depending 
on the study design, however some studies have been more than 20 years [5, 
65, 93, 94, 96, 100, 109]. An incident fracture study includes recent and old 
fractures and sometimes also deformities, especially when the time interval 
between the examinations is long. 
2.2. Clinical case study 
Most clinically-diagnosed fractures are detected during an investigation of 
back pain. However, some patients with fractures experience little to no 
symptoms, and therefore do not seek medical attention. For this reason, 
patients with clinically-diagnosed vertebral fractures usually have worse 
symptoms than patients with vertebral fractures detected in population-based 
studies [92]. Despite such selection bias, this type of study is the only way to 
assess the time course of this fracture. 
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Table 1. Characteristics of clinical and population-based studies of patients with vertebral 
fractures. 

 
Population-based studies:  

- Include asymptomatic patients  
- Include patients with mild to severe fracture  
- Results generally represent long-term effects; most fractures probably 
occurred years ago  
- For cross-sectional studies, the true age of the fracture is unknown  
 

Clinical case studies:  
- Patients usually are symptomatic 
- Representativeness of controls and cases is difficult to ascertain 
- Many studies lack control patients  

 
3. Radiographic diagnosis of vertebral body fractures 

Radiographs of the thoracic and/or lumbar spines still remain the standard 
method to diagnose a vertebral fracture. However, determining the presence 
of an acute fracture from a single X-ray is, in many cases, far from easy. 
3.1. Visual analog vs. morphometric methods 
The visual analog method is the standard method used in the clinical situation. 
An experienced clinician or radiologist can visually detect changes in 
vertebral shape on an X-ray, and thus diagnose the acute vertebral fracture 
[54]. To reduce inter-observer variability, morphometric methods have been 
developed in order to provide more objective and reproducible criteria to 
assess a vertebral fracture. Morphometry alone cannot establish the diagnosis 
of the vertebral fracture at sufficient levels of sensitivity and specificity. 
Morphometric methods can only detect deformity aberrations which include 
both fractures and degenerative or congenital changes. Radiological criteria 
other than the height measurement need to be implemented in order to 
differentiate between fractures and deformities of different origins [117]. 
Moreover, fracture acuteness is difficult to diagnose at the time of injury in 
elderly patients with osteoporosis and it is even more difficult when the 
patient has an old fracture(s). For these reasons, the presence of multiple 
fractures is determined using serial X-rays, comparing the vertebral shape 
change, or by using MRI. In studies I-III, the standard clinical procedures to 
diagnose a vertebral fracture were implemented, i.e. subsequent X-rays or 
MRI examinations were scrutinized when performed.  
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3.2. Radiographic criteria to detect vertebral body fractures 
There are many methods available to detect fractures from X-rays. 
Morphometric or semiquantitative methods are usually used in population-
based studies. The visual analog method is the standard method used in 
clinical practice. 
- visual analog method  

This method is used to visually detect changes in vertebral shape and thus 
diagnose a fracture. Its acuteness is mainly determined by the presence of 
evident sharp edges and no callus formation [5, 55]. 

- semiquantitative method 
This method defines a vertebral body deformity as having a 20-25% or 
more reduction in height and 10-20% or more reduction of the vertebral 
body area, without measuring [34-36]. 

- morphometric method 
Morphometric methods use the following criteria for determining a 
vertebral body deformity: 
- vertebral height ratio: when the anterior or middle height is 0.85 or less 
than the intact posterior height, and when not intact, compared with the 
posterior height of an intact adjacent vertebra [78] 
- vertebral height ratio: 3-4 SD or more below the population value [25, 
76] 

If serial radiographs are available, an incident fracture is defined as the 
following: 
- semiquantitative method 

- higher deformity grade than at the baseline evaluation [34-36] 
- morphometric method 

- 15-20% or more reduction in any of the height measures of a specific 
vertebra [6, 85] 
- absolute reduction in height of 4 mm or more [29] 

 
4. Evaluation of clinical symptoms 

4.1. Pain 
A multitude of pain symptoms has been attributed to vertebral fractures. 
4.1.1. Prevalence 
Among the patients with and without incident vertebral fractures (fracture was 
defined as 15% or more reduction of the vertebral height on serial X-rays with 
an one year interval), 53% and 21%, respectively, reported some frequency of 
back pain [93]. This means that approximately half of the patients with 
radiographic evidence of a vertebral fracture(s) reported having no back pain. 
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4.1.2. Duration 
It is generally believed that pain after a compression fracture persists only for 
weeks or a few months at the most [101]. Some studies, however, have 
reported patients with pain lasting for several years, e.g. even up to 12 years, 
after this type of fracture [4, 47, 48, 87]. 
4.1.3. Intensity 
It was reported that spontaneous pain intensity, as measured using a visual 
analogue scale, did not significantly decrease until 15 days after the fracture, 
and decreased by approximately 40% when measured at 30 days [37]. Others 
reported that acute fracture pain decreased by 22% at day 7, and by 33% at 
day 14 [73]. However, there are no studies which have evaluated the pain 
intensity for an extended period of time. Thus, there is considerable 
uncertainty about the frequency, extent and severity of the acute pain, and 
even more about the duration of pain. 
4.2.  ADL and QoL 
It is well reported that a vertebral body fracture has a negative impact on the 
patient’s activities of daily living (ADL) and health-related quality of life 
(QoL) [1, 8-10, 17, 21, 28, 30, 42, 47, 70, 72, 84, 99, 102]. Both pro- and 
retrospective data show that the deterioration of health after a vertebral 
fracture can last for many years and with sequel that usually are worse than 
for other bone fragility fractures [41, 42, 47, 81]. In two Swedish studies, the 
effects of a vertebral fracture on QoL were prospectively studied. It was 
found that the compression fracture had a more negative and long-lasting 
impact on the patient’s QoL than any other type of osteoporotic fracture, 
including the hip fracture [8, 42]. However, these studies did not analyze the 
relationship between QoL and the characteristics of the fracture, i.e. type of 
fracture, and grade of fracture deformation, and fracture location. 
 

5. Treatment 
The main goals of treating an acute vertebral compression fracture are to 
achieve pain relief and mobilization, in order to prevent further bone loss 
and/or fracture(s). Pain relief can usually be achieved using oral analgesics, 
however for severe pain, a rigid or semirigid thoracolumbar hyperextension 
orthosis may be useful. Mobilization should begin as soon as the acute pain 
begins to subside, i.e. 1-2 weeks following fracture. Patients should be 
encouraged to sit or stand for short periods, several times each day, and then 
slowly begin ambulation. Once the acute pain has subsided, the patient should 
begin a program of spinal extension exercises to strengthen the paraspinal 
musculature [101]. In Japan, there has been more focus on preventing further 
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vertebral collapse. A corrective extension cast is often applied since it is 
believed that early rigid outer fixation can prevent further collapse and 
pseudarthrosis [107, 114-116]. A survey among 429 hospitals in Japan 
showed that, for the treatment of fragility vertebral fractures, 4% of the 
hospitals usually did not use any orthosis or cast, whereas as many as 92% did. 
Broken down, the survey also showed that 43% of the orthosis were semirigid, 
40% were rigid, 32% were casts, and 28% were soft corsets (multiple answers 
allowed) [68]. There are no convincing results that any of these treatment 
strategies for the acute vertebral fracture are more successful than the other.  
Open surgery is sometimes considered necessary in patients in whom a 
progressive neurologic deficit or intractable pain develops. These operations 
are usually extensive and technically advanced due to the fragile bone. Over 
the past decade, new minimally-invasive techniques, vertebroplasty and 
kyphoplasty have been developed. There are many reports of their efficacy 
[20, 38, 50, 52, 64, 74, 87-89, 108], but still it is difficult to decide when and 
what type of patients should be treated using this technique. 
 

6. Predictors of fracture prognosis 
In the literature, there are only two studies that have investigated the 
prognosis of clinical symptoms after a compression fracture [73, 105]. In one 
of the studies, it was shown that patients with an obvious wedge fracture had 
severe, sharp pain which gradually decreased within four to eight weeks. 
Fractures with minimal superior endplate discontinuity tended to progress 
gradually to complete collapse of the vertebral body, causing a dull, less 
severe, although recurring pain [73]. The other study reported the 
development of a new X-ray classification system (swelled-front-type, bow-
shaped-type, projecting-type, concave-type, and dented-type). In this study, it 
was concluded that swelled-front-type, bow-shaped-type, and projecting-type 
fractures had a poor prognosis, with late collapse and often showing a vacuum 
cleft. On the other hand, a good prognosis was found for concave-type and 
dented-type fractures [105].  
In other studies, the influence of a prevalent fracture on pain, ADL and QoL 
has been examined. Type of fracture has been shown to have no influence on 
pain, ADL and disability [28]. A fracture(s) in the lumbar spine has been 
shown to worsen pain [16] and lower QoL [83, 102]. The number of fractures 
also influences the pain [97] and QoL [102]. The severity of the fracture has 
an effect on pain [28, 48] and QoL [75].  
Using dynamic MRI, one study showed that the subsequent progression of a  
vertebral collapse tended to increase, as shown by a greater non-contrast area 
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in the injured vertebrae [60], but there was no evaluation of the relationship 
between symptoms and this MRI change.  
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AIMS OF THE THESIS 
 
The overall aim of this thesis was to investigate the natural course and the 
characteristics of the acute osteoporotic vertebral compression fracture in 
order to better understand the prognosis of this fracture for improving 
treatment. 
 
The specific aims of the studies were the following: 
 
- to evaluate the natural course of pain, disability, ADL and QoL during one 
year in patients who suffered an acute osteoporotic vertebral compression 
fracture (study I), 
 
- to analyze how fracture characteristics of the acute osteoporotic vertebral 
compression fracture, such as fracture type and fracture deformation, 
influence pain, disability, ADL and QoL during one year (study II), 
 
- to analyze the influence of a previous vertebral compression fracture 
(number, level and closeness to the acute fracture) on pain, disability, ADL 
and QoL in patients with an acute osteoporotic vertebral compression fracture 
(study III), 
 
- to investigate the characteristics of acute and prevalent osteoporotic 
vertebral compression fractures in a representative cohort of fractured patients 
(study IV).  
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PATIENTS AND METHODS 
 

7. Study design 
In studies I-III, an observational longitudinal prospective design was used for 
analyzing radiographic data, registry data and data obtained through postal 
questionnaires on four different occasions during the year following an acute 
vertebral compression fracture. In study IV, a retrospective cross-sectional 
study design was used for analyzing registry and radiographic data.  
 

8. Inclusion criteria 
8.1. Studies I-III 
Eligible patients were all patients over 40 years of age who sought medical 
care at the emergency units at Sahlgrenska University Hospital (SU/S and 
SU/M), Gothenburg, Sweden, because of back pain and had a 
radiographically-confirmed acute vertebral compression fracture which 
resulted from a low energy trauma. The study was conducted from December 
2003 to November 2006. The presence of an acute fracture was primarily 
decided by the attending radiologist. For study purposes, two experienced 
spine surgeons separately re-evaluated the radiographs.  
8.2. Study IV 
Patients eligible for study IV included all patients over 40 years of age who 
were X-rayed at the emergency units at Sahlgrenska University Hospital 
(SU/S and SU/M), as well as patients referred to the X-ray department at 
Capio Diagnostic Center, Gothenburg, Sweden, between December 2005 and 
November 2006, and had a radiographically-confirmed acute vertebral 
compression fracture. 
The selection of the fractured patients differed somewhat between the units. 
At the Sahlgrenska units, the suspicion of an acute fracture was determined 
from the radiologist’s written statement and the X-ray was re-evaluated by 
two spine surgeons. At the Capio Diagnostic Center, the presence of an acute 
fracture was assessed retrospectively, first searching the electronic files with a 
large number of search terms that could suggest the presence of an acute 
fracture. All the examinations localized through this search were then 
scrutinized by a spine surgeon.  
 

9. Exclusion criteria 
9.1. Studies I-III 
Patients that were excluded from studies I-III were those with any other type 
of acute fracture (forearm, hip, etc.), fracture(s) related to malignancy, 
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infection, or any other bone disease, except osteoporosis, that could affect the 
mechanical integrity of the vertebrae in the lumbar or thoracic spines. Patients 
having or suspected as having more than one acute fracture were also 
excluded from studies I-III. 
9.2. Study IV 
The same exclusion criteria as in studies I-III were applied to study IV, with 
the exception of patients with any other type of acute fracture, which were not 
excluded. 
 

10. Patient participation 
10.1. Studies I-III   
A total of 341 patients were invited to participate in the studies. The details of 
the included patients can be seen in Figure 1. Due to internal missing data in 
the response to von Korff’s disability score, six patients had to be excluded 
from the analysis of this particular instrument. 
 

actively 
refused Invited to participate 341 patients 67 patients
non-
respond 122 patients

died Agreed to participate 147 patients
5 patients

drop out 
29 patients

110 patients
died 

8 patients

vertebroplasty 
3 patientsFinal study population 107 patients

31%
Figure 1. Patient participation in studies I-III. 
 
10.2. Study IV 
A total of 844 patients, 304 and 540 patients from the two respective centers, 
fulfilled the first inclusion criteria, i.e. the suspicion of at least one acute 
compression fracture irrespective of fracture age, cause or pathology (Figure 
2). Out of the 844 patients, 448 were diagnosed as having an acute fracture. 
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Sahlgrenska Capio 
Diagnostic 

Center 
 University Hospital

Suspicion of acute 
fracture patients 304 540 

190 258 Acute fracture patients 

448 Total number of included patients
 

Figure 2. Patient participation in study IV. 

 
11. Non-responders (Studies I-III) 

A total of 234 patients refrained from participation. The average age for these 
patients, irrespective of reason, was 81.1 years (SD 13.2), which was higher 
than the average age for those included in the studies. The percentages of 
women and men were 64% and 36%, respectively. 
 

12. Treatment (Studies I-III) 
All the patients were mobilized as soon as possible, usually more or less 
immediately and without casts or braces. If pain prevented such an early 
mobilization, a soft brace was used. Twelve of the patients used a soft brace 
for different lengths of time. Analgesics were usually prescribed and the 
advice to the patient was to try to resume normal physical activity as soon as 
possible. The prognosis told to the patient was that the pain would disappear 
within weeks to some months. If problems continued, the patient was 
instructed to contact his/her general practitioner. 
 

13. Preventive treatment (Studies I-III) 
Out of 107 patients, 14 reported that they had taken medication during the 
year prior to the actual fracture in order to increase their bone mineral. 
 

 24



14. Radiographic examination 
14.1. Studies I-III 
Lateral and frontal view radiographs of the spine were taken at the first visit 
to the hospital’s emergency unit. The X-ray examination was used for the 
determination of the following: presence of an acute fracture, previous 
fracture, fracture level, fracture type and grade of deformation, adjacent 
fracture, thoracic kyphosis, and lumbar lordosis. The acute vertebral body 
fracture was determined based on the following: 1. the existence of the 
fracture deformation compared with the normal neighboring vertebrae, 2. the 
presence of pain at or near the fracture deformation, 3. an evident sharp edge 
in the deformed region, and 4. no callus formation at the fractured vertebra [5]. 
In questionable cases, the previous or subsequent examinations were used to 
confirm the acuteness, if available. Information from MR images, when 
available, was also used for determining the fracture acuteness. In cases of 
divergent opinions, the cases were discussed until a consensus was reached. 
Three osteoporotic fracture types, i.e. wedge, crush, and concave, have been 
described (Figure 3) [91]. With a wedge fracture, the anterior border is 
collapsed while the posterior border remains intact or nearly intact. The crush 
fracture refers to a collapse of the entire vertebral body. With a concave 
fracture, the central portion of the vertebral body is collapsed [91]. 
The grade of fracture deformation was evaluated by the semiquantitative 
method presented by Genant [34-36]. The extent of deformation was graded 
on visual inspection and without direct vertebral measurement according to 
the following: normal (grade 0), mildly deformed (grade 1, approximately 20-
25% reduction in anterior, middle, and/or posterior height and a reduction in 
the area of 10-20%), moderately deformed (grade 2, approximately 25-40% 
reduction in any height and a reduction in the area of 20-40%), and severely 
deformed (grade 3, approximately 40% reduction in any height and area) 
(Figure 3). 
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Wedge fracture Biconcave fracture Crush fracture

approximately 20-25% reduction in anterior, middle, and/or posterior height and a reduction in the area of 10 –20%

Mildly deformed
(grade 1)

approximately 25-40% reduction in any height and a reduction in the area of 20-40%

approximately 40% reduction in any height and area

Moderately deformed
(grade 2)

Severely deformed
(grade 3)

(Adapted after Genant et al 1993)

Wedge fracture Biconcave fracture Crush fracture

approximately 20-25% reduction in anterior, middle, and/or posterior height and a reduction in the area of 10 –20%

Mildly deformed
(grade 1)

approximately 25-40% reduction in any height and a reduction in the area of 20-40%

approximately 40% reduction in any height and area

Moderately deformed
(grade 2)

Severely deformed
(grade 3)

(Adapted after Genant et al 1993)

 
Figure 3. The visual semiquantitative grading system used to determine the grade of 
fracture deformity for the three fracture types (adapted from Genant et al [36]). 
 
Thoracic kyphosis was measured as the angle between the cranial endplates of 
T3 or T4 and the distal endplate of the T12 vertebra. Lumbar lordosis was 
measured as the angle between the cranial endplate of L1 and the distal 
endplate of L5. A complete depiction of the entire thoracic and lumbar spines 
was not available in all the fractured patients. For this reason, the thoracic 
kyphosis could be determined in only 47 patients, while the lumbar lordosis 
could be determined in 94 patients. This meant that some of the previous 
fractures located in the upper part of the thoracic spine and in the lower part 
of the lumbar spine might have been missed. The vertebral levels included in 
the diagnostic X-ray examination of the spine can be seen in Table 2.  
An adjacent fracture was defined as an acute fracture that occurred on the 
vertebral level just above or below a previous fracture.  

 26



Table 2. X-rayed vertebral levels. 

X-rayed 
level 

Number of 
patients 

Percent 
(%) 

L5-T1 37 34.6 
L5-T4 2 1.9 
L5-T5 2 1.9 
L5-T6 3 2.8 
L5-T7 15 14.0 
L5-T8 16 15.0 
L5-T9 19 17.8 
L5-T10 4 3.7 
L4-T1 4 3.7 
L3-T1 2 1.9 
L1-T1 2 1.9 
T12-T1 1 0.9 
Total 107 100.0 

 
14.2. Study IV 
Lateral and frontal view radiographs of the spine taken at the first visit to the 
emergency unit and at the Capio Diagnostic Center were used for the 
evaluation. The same X-ray evaluation method was used as in studies I-III. 
The number of adjacent fracture(s) was two if there were three consecutive 
fractures, or three if there were four consecutive fractures, etc. (Figure 4). 
 

first adjacent 
fracture 

second adjacent 
fracture 

one adjacent fracture two adjacent fractures 
 
Figure 4. Adjacent fracture. 
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As in studies I-III, a complete depiction of the entire thoracic and lumbar 
spines was not available in all the fractured patients. For this reason, the 
thoracic kyphosis could be determined in only 196 patients while the lumbar 
lordosis could be determined in 396 patients. The levels included in the 
diagnostic X-ray examination can be seen Table 3. 
 
Table 3. X-rayed vertebral levels.  

X-rayed 
level 

Number 
of patients 

Percent 
(%) 

L5-T1 155 34.6 
L5-T4 2 0.4 
L5-T5 1 0.2 
L5-T6 7 1.6 
L5-T7 26 5.8 
L5-T8 63 14.1 
L5-T9 71 15.8 
L5-T10 56 12.5 
L5-T11 23 5.1 
L4-T1 2 0.4 
L3-T1 12 2.7 
L2-T1 20 4.5 
L1-T1 7 1.6 
T12-T1 3 0.7 
Total 448 100.0 

 
15. Fracture level diagnosis by subsequent examination 

15.1. Studies I-III 
A total of 27 patients had a subsequent X-ray examination and 11 patients had 
a subsequent MRI examination. In three patients (2.8%), the fracture level 
was changed after these examinations. 
15.2. Study IV 
A total of 44 patients had a subsequent X-ray examination and 27 patients had 
a subsequent MRI examination. In 26 patients (5.8%), the fracture level was 
changed after these examinations. 
 

16. Questionnaires (Studies I-III) 
In studies I-III, four different questionnaires were used: von Korff pain 
intensity and disability questionnaire, Hannover ADL questionnaire and EQ-
5D. Within 10 days after the first visit to the hospital’s emergency unit, all 
eligible patients received written information about the study and an invitation 
to participate. The patients who agreed to participate received the first packet 
of questionnaires, at the latest, 3 weeks after the fracture had been diagnosed 
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and thereafter at 3, 6, and 12 months. The patients returned the filled-in 
questionnaires, which made later comparisons unlikely. All four 
questionnaires were used at every follow-up. 
16.1. von Korff pain intensity and disability score 
This instrument is self-administered and was designed and validated for use 
outside the hospital setting among patients with chronic back pain, among 
other problems  [112, 113]. It includes three pain intensity and four disability 
items (Appendix 1). The three pain items ask the patient to rate their current 
back pain intensity, their worst pain, and their average pain since the start of 
the pain problem, where 0 refers to “no pain” and 10 refers to “pain as bad as 
could be”. The pain intensity score is calculated as the average of the three 0-
10 ratings, multiplied by 10, to yield a score from 0-100; low values on the 
score mean less pain. Three of the disability items also have a 10-graded 
response possibility. One item asks about the interference of back pain on 
daily activities, ranging between 0 “no interference” to 10 “unable to carry on 
any activities”. Two items ask about how the back pain has changed the 
ability to take part in family, social or recreational activities, or the ability to 
work (including household); both items range between 0 “no change” and 10 
“extreme change”. The fourth disability question asks about the number of 
days the patient, due to the pain, has been kept from performing usual 
activities during the last 6 months. This fourth question was not used in the 
studies of this thesis. The disability score is calculated as the average of the 
three 0-10 interference ratings in daily, social and work activities, multiplied 
by 10, to yield a score from 0-100; low values on the score mean less 
disability. The scores have been used in several Swedish and international 
studies of long-term back pain [44, 46].  
16.2. Hannover ADL score 
This questionnaire is self-administered and consists of 12 items (Appendix 2). 
It assesses functional limitations in activities of daily living (ADL) among 
patients with musculoskeletal disorders. The patient is asked to circle one of 
three possible responses, which include the following: 1. Either unable to do 
or able only with help (score=0), 2. Yes, but with some difficulties (score=1), 
or 3. Yes, without difficulties (score=2). The 12 items are scored, summed 
and transformed on to a scale from 0 (worst back function) to 100 (best back 
function) [67]. The questionnaire has been used in Swedish and international 
studies of long-term back pain [43, 44, 46]. 
16.3. EQ-5D 
EQ-5D is a generic health-related quality of life measure. It provides a single 
index. The individuals classify their own health status into 5 dimensions: 
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mobility, self-care, usual activity, pain/discomfort, and anxiety/depression, 
within three levels (i.e. no problems, moderate problems or severe problems) 
(Appendix 3). The instrument yields a total of 243 possible health states, and 
the Time Trade Off method is used to rate the different states of health. The 
value 0 indicates “dead” and 1 indicates “full health” [23, 24]. Negative 
values are possible and represent conditions worse than dead. In Sweden, the 
instrument has been validated on extensive cohorts of back pain patients and 
in patients with ages similar to those in the studies of this thesis  (Table 4) 
[11]. 

 
Table 4. EQ-5D index score and percentage of patients reporting moderate or severe 
problems in the five dimensions from a Swedish reference population with relevant age 
groups. 

Age 40-49 50-59 60-69 70-79 80-88 
 N =547 N=617 N=387 N=338 N=122 
 % % % % % 
Mobility      
Total 6.0  10.5 18.6 26.9 44.3  
Male 6.0  11.0 18.4 23.0 48.8  
Female 6.0  10.2 18.8 30.0 42.0  
Self-care      
Total 1.5  1.9 1.3 3.6 12.3  
Male 2.0  1.7 1.1 6.1 19.5  
Female 1.0  2.2 1.5 1.6 8.6  
Usual activities      
Total 8.2  11.0 8.5 9.8 21.3  
Male 6.8  8.9 6.8 8.1 19.5  
Female 9.4  12.9 10.2 11.1 22.2  
Pain/discomfort      
Total 38.9  47.5 62.8 58.0 69.7  
Male 36.1  46.9 58.4 56.8 65.9  
Female 41.3  48.0 67.0 58.9 71.6  
Anxiety/depression     
Total 26.1  28.2 31.3 26.9 36.9  
Male 22.1  24.0 25.3 23.0 36.6  
Female 29.5  32.0 37.1 30.0 37.0  
EQ-5D index value     
Total 0.86  0.83 0.80 0.79 0.74  
Male 0.86  0.84 0.83 0.81 0.74  
Female 0.85  0.82 0.78 0.78 0.74  

 
17. Statistical analyses 

The following summary of statistical methods is largely based upon the 
comprehensive descriptions provided by Altman and Stevens [2, 103]. 
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17.1. Data level 
Statistical methods are specific to a certain type of data. Data can either be 
categorical or numerical (otherwise known as qualitative and quantitative) [2]. 
The data level is a prerequisite to the choice of the statistical method. The 
nature of the attribute being measured will determine the rules that can be 
applied to the measurement. Traditionally, a mathematical structure defined 
by Stevens [103] defined four levels of assigning numbers in measurement, 
called scales of measurement. The four levels of measurements are called 
nominal, ordinal, interval and ratio.  
17.2. Choice of statistical methods 
The choice of statistical method to be use is based on the data level as well as 
on how the variables are measured. The statistical tests are based on 
assumptions about the parameters of the population from which the samples 
were drawn. Parametric tests require that the assumptions of normality and 
homogeneity of variance are met to a reasonable extent. Non-parametric tests 
do not specify the normality of variance assumption. In studies I-III, the 
scores derived from the questionnaires were treated as data on the interval 
level and analyzed in a parametrical way. Considering the risk of normality 
not being met, in this thesis the scores were treated as being on an ordinal 
level and also analyzed in a non-parametric fashion. An overview of the 
statistical methods used in this thesis is presented in Table 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 31



Table 5.  Overview of the statistical methods used in the thesis. 

 Questionnaire 
analysis    

Gender, age, type and 
grade of fx, previous fx, 
kyphosis, lordosis, 
adjacent fx analysis 

 
two 
groups
* 

three 
groups 
** 

differ-
ence 
by 
time 

prognosis 
factor 
analysis 

previous 
fx 
number 
influence

pre-
domi-
nance 

factor 
relation
# 

group 
comp-
arison
## 

Descriptive statistics         
Mean (SD) ● ● ●      
Median ● ● ●      
         
Difference between 
groups         

parametric method         
Independent t-test ●       ● 
ANOVA  ●      ● 
Repeated measure 
ANOVA   ●      
non-parametric 
method         

Mann Whitney U test ●        
Kruskal-Wallis test  ●       
Friedman test   ●      
chi-square test       ●  
chi-square for  
goodness of fit  

 
     ●   

         
Post-hoc analysis         
parametric method         
Bonferroni/Dunn 
procedure  ● ●     ● 
non-parametric 
method         
Wilcoxon t-test with 
Bonferroni correction   ●      
Mann Whitney U test 
with Bonferroni 
correction 

 ●       

         
Correlation         
parametric method         
Peason's correlation 
coefficient       ●  
non-parametric 
method         
Spearman's correlation 
coefficient     ●  ●  

         
Regression         
multiple linear 
regression analysis    ●     

*: gender, age (over 70 and below 70), cause of trauma (with and without trauma), time since fx (within one 
week and more than one week), post fx status (return home and hospitalized), acute fx location (thoracic and 
lumbar), previous fx (exist and not exist), previous fx location (thoracic and lumbar) 
**: type of fx, grade of fx 
#: nominal data; chi-square test, ordinal data; Spearman, continuous scale data; Pearson 
##: age, kyphosis, lordosis difference in each group (e.g. gender, type of fracture, etc.) 
fx: fracture 
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17.2.1. Data analysis  
The SPSS (Statistical Package for the Social Sciences, v.14, Windows, 
Chicago, USA) statistical software was used for analyzing the data. All tests 
were two-sided. The results were considered to be significant at p<0.05.  
17.2.2. Descriptive statistics 
Questionnaire scores were presented as mean and standard deviation or 
median. 
17.2.3. Differences between groups and hypothesised values  
The proportions of cases that fell into the various categories of a single 
variable were tested with the chi-square test for goodness of fit comparing 
with hypothesised values.  
Differences between two groups were tested using an independent t-test for 
variables on the interval level, the Mann Whitney U test for variables on the 
ordinal level, and the chi-square test for variables on the nominal level. 
Differences between more than two groups were tested using ANOVA for 
variables on the interval level and with Kruskal-Wallis test for variables on 
the ordinal level. If the ANOVA test was significant, the Bonferroni/Dunn 
procedure was used as a post-hoc test. If the Kruskal-Wallis test was 
significant, Mann Whitney U test with Bonferroni correction was used as a 
post-hoc test. 
For comparison of repeated measurements on interval or ordinal level 
variables, repeated ANOVA or the Friedman test were used, respectively. If 
they were significant, the Bonferroni/Dunn procedure or Wilcoxon t-test with 
Bonferroni correction were used as a post-hoc test, respectively.  
17.2.4. Association, correlation and regression 
Pair-wise associations were tested using Pearson’s correlation coefficient test 
for the variables on the interval level and using Spearman’s correlation 
coefficient test for the variables on the ordinal level. 
Multiple linear regression analysis (stepwise method) was used for the 
analysis of the combined influence factors for each questionnaire score at 
each follow-up. 
17.3. Internal missing value 
Partial non-responses on any of the questionnaires at each dimension were 
coded as an estimated value from the other dimensions in the same 
questionnaire or as a value in the same questionnaire dimension but from a 
subsequent occasion. This was done when only one value was missing in one 
dimension of each questionnaire. In cases where it was difficult to estimate 
the value, it was excluded, even if only one dimension value was missing. 
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18. Ethical approval 
The studies were ethically approved by the Research Ethical Committee of 
the Medical Faculty, University of Gothenburg, 17th June 2003 (S 270-03). 
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RESULTS  
 

19. The course of the acute vertebral body fragility 
fracture: its effect on pain, disability, and quality of 
life during 12 months (Study I) 

19.1. Basic characteristics of the patients and fractures 
Table 6 summarizes basic characteristics of the patients and fractures. 
Table 6. Basic characteristics of the patients and fractures.  
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Patient characteristics Number of patients, Age or Day 
Total population 107 
Age, mean±SD (range) 75.5±11.9 (42-96) 
Gender  
       Male, age mean±SD (range) 35 (32.7%), 76.1±11.2 (43-92) 
       Female, age mean±SD (range) 72 (67.3%), 75.3±12.3 (42-96) 
Fracture location  
       Thoracic fracture 58 (54.2%) 
       Lumbar fracture 49 (45.8%) 
Type of fracture  
       Wedge 74 (69.2%) 
       Concave 20 (18.7%) 
       Crush 13 (12.1%) 
Grade of fracture deformation  
       Mild 22 (20.6%) 
       Moderate 50 (46.7%) 
       Severe 35 (32.7%) 
Number of previous fracture(s)  
       0 56 (52.3%) 
       1 27 (25.2%) 
       2 9 (8.4%) 
       3 3 (2.8%) 
       4 6 (5.6%) 
       5> 6 (5.6%) 
Kyphosis mean±SD (n=47) (degrees) 43.6±15.8 
Lordosis mean±SD (n=94) (degrees) 30.5±16.5 
Adjacent fracture  23 (45.1%) 
(% among the patients with previous fracture)  
Cause of trauma  
       A level fall 62 (57.9%) 
       Lift of a heavy object 2 (1.9%) 
       Some unidentified trauma 2 (1.9%) 
       Traffic accident 4 (3.7%) 
       No recollection of trauma 37 (34.6%) 
Time elapsed before visiting the emergency unit  
       Within the first week 72 (67.3%) 
       Within one month 16 (14.9%) 
       Unidentified 19 (17.8%) 
Hospitalization or not  
       Immediate return home 82 (76.6%) 
       Hospitalized 23 (21.5%) 
       Nursing home 2 (1.9%) 
Hospital stay, days, mean±SD (range) 16.7±8.1 (3-35) 
Brace 12 (11.2%) 



19.2. Location of the acute fracture 
The acute fractures diagnosed in study I were located between T6 and L4, and 
were most frequent at T12 and L1. 54.2% were thoracic fractures and 45.8% 
were lumbar fractures (Figure 5).  
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Figure 5. Locations of the acute fractures in 107 patients. 

 

19.3. Pain, disability, ADL and QoL 
All the questionnaire scores improved during the first three months (p<0.05), 
but thereafter the scores remained at levels far from normal, at least during the 
remainder of the follow-up year (Table 7, Figure 6).  
 
Table 7. Outcomes of the four questionnaires at the follow-ups. 

3 weeks  3 months 6 months 12 months  
mean median  mean median  mean median  mean median 

    p p p p p p 
70.9 73.0   61.5 67.0 60.7 63.3 60.5 63.3 von Korff pain 

intensity score   0.000 0.000 0.000 0.000 0.000  0.000  
68.9 73.3   56.4 63.0 51 56.7 53.9 60.0  von Korff 

disability score   0.000 0.000 0.000 0.000 0.000  0.000  
37.7 33.3   48.0 50.0 45.8 42.0 47.6 42.0  Hannover ADL 

score   0.000 0.000 0.000 0.000 0.000  0.000  
0.37 0.52   0.52 0.69 0.54 0.69 0.52 0.69  EQ-5D 

  0.000 0.000 0.000 0.000 0.000  0.000  
p values are given for differences between 3, 6, and 12 months and baseline (3 weeks) 
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igure 6. Average pain intensity, disability, ADL, and QoL acutely (3 weeks) and after 3, 6 

9.4. Pain analysis 
nsity for each individual was grouped into quartiles, 

F
and 12 months. 
 
1
When the initial pain inte
50 patients (46.7%) belonged to the fourth quartile with a pain intensity 
between 75 and 100, 54 patients (50.5%) belonged to the second and third 
quartiles, and only 3 patients (2.8%) belonged to the lowest quartile with a 
pain intensity less than 25. After 12 months, less than 10% of the patients had 
a pain intensity below 25, while 81 patients (75.7%) still experienced a pain 
intensity over 50 (Figure 7). 
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Figure 7. Pain intensity distributed into quartiles at the four follow-ups. 
 
19.5. QoL analysis 
When EQ-5D was divided into its 5 dimensions (mobility, self-care, usual 
activity, pain/discomfort, and anxiety/depression), and analyzed according to 
the percentage of the patients who had moderate or severe problems, the 
pain/discomfort dimension was the most seriously affected (Figure 8). 
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Figure 8. The frequency of patients reporting moderate or severe problems for the five 
dimensions of EQ-5D at the four follow-ups. 
 
19.6. Gender differences on questionnaire outcomes 
With the exception of the 6 month Hannover ADL score and the 3 month von 
Korff pain intensity, all other outcome scores were worse for women than for 
men. The mean values were always worse for women all the follow-ups. 
19.7. Age differences on questionnaire outcomes 
When the patients were grouped into 70 and over 70 years of age (72 patients) 
or under 70 (35 patients), no score differences for any of the outcome 
measures could be detected at any follow-up time. No correlations between 
age and any of the outcome measures were found. 
19.8. Time since fracture diagnosis and outcomes 
When the patients were grouped according to those who sought medical care 
within one week and those who sought care after one week, there was no 
difference between the groups for any of the outcome measures at any time 
during the follow-up period. 
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19.9. Cause of trauma and outcomes 
Comparison of the patients who reported a known fracture trauma (fall, lift, 
unidentified trauma, or traffic accident) with the patients with no recollection 
of a trauma revealed no differences for any of the outcome measures at any 
time during the follow-up. 
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20. The prognosis of pain, disability, ADL and QoL after 
an acute osteoporotic vertebral body fracture: its 
relation to fracture level, type, grade and previous 
fracture (Studies II & III) 

20.1. Fracture level and outcomes 
When the fractures were grouped according to level, i.e. thoracic vs. lumbar 
spine, the lumbar spine fractures continued to improve slightly, even after the 
substantial initial improvements. In the thoracic spine, on the other hand, all 
the outcomes continued to deteriorate after the early improvement. However, 
there was no statistically significant difference between the thoracic or lumbar 
spine fractures at any time during the one-year follow-up (Figure 9). When all 
the different fracture levels were tested, none of the levels significantly 
differed from the other.  
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Figure 9. von Korff pain intensity score at 3 weeks, and 3, 6 and 12 months after the acute 
vertebral fracture.  
 
20.2. Fracture type and outcomes 
For the wedge type fracture, all scores significantly improved between the 
initial measurement and the three month follow-up (Table 10). After three 
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months, the scores for the wedge fractures remained at this improved level, 
although, far from normal.  
After the improvement during the three first post-fracture months, patients 
with a concave fracture continued to improve steadily throughout the follow-
up year, but still without normalizing by the end of the study.  
The crush fracture type clearly showed the worst prognosis for all the 
outcome measures. The initial improvement was of a lower magnitude and 
none of the one year scores were significantly different from the initial 
situation (p>0.05) (Table 8, Figure 10). 
 
Table 8. Outcome scores for the 3 different fracture types at 3 weeks, and 3, 6 and 12 
months. 

Wedge 
(n=74) 
(n=69)§ 

Concave 
(n=20) 
(n=19)§ 

Crush 
(n=13) 
(n=13)§ 

Difference 
between type 

  

Mean MD Mean MD Mean MD p 

(para) 
p 

(non-para)

3 weeks 70.1 73.0 72.5 73.3 72.3 70.0 ns ns 
3 months 60.6* 67.0* 58.8* 70.0* 70.2 63.3 ns ns 
6 months 59.8* 63.2* 60.7* 61.7* 66.2 63.3 ns ns 

von Korff’s 
pain intensity 
score 

12 months 60.0* 63.2* 56.7* 67.0* 69.3 70.0 ns ns 
3 weeks 67.4 73.3 72.6 80.0 71.8 70.0 ns ns 
3 months 56.0* 60.0* 57.7 67.0* 56.5 63.0 ns ns 
6 months 49.4* 56.7* 53.0* 56.7* 56.9 66.7 ns ns 

von Korff’s 
disability 
score 

12 months 53.9* 60.0* 50.5* 60.0* 59.0 60.0 ns ns 
3 weeks 0.39 0.52 0.33 0.28 0.37 0.62 ns ns 
3 months 0.56* 0.69* 0.53* 0.62* 0.29 0.62 0.042# ns 
6 months 0.57* 0.69* 0.55* 0.65* 0.40 0.69 ns ns 

EQ-5D 

12 months 0.51* 0.66* 0.63* 0.71* 0.39 0.69 ns ns 
3 weeks 37.4 33.0 37.7 39.6 39.4 41.7 ns ns 
3 months 50.8* 50.0* 40.7 41.8 43.3 50.0 ns ns 
6 months 47.5* 40.0* 41.5 37.5 42.7 50.0 ns ns 

Hannover 
ADL score 

12 months 48.1* 41.7* 46.9 48.0 45.8 54.0 ns ns 
# between wedge and crush fracture difference 
* compared with the 3 week result, p<0.05 
§ number of patients for the von Korff disability score analysis=total 101 patients 
MD: median 
p(para) indicates p value by parametric test (ANOVA) 
p(non-para) indicates p value by non-parametric test (Kruskal-Wallis test) 
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F
year follow-up period. 
  
2
The general trend for greatest improvement duri
held true for the three grades of fracture deformation. It was striking to find, 
with the exception of the Hannover ADL score, that the three deformation 
grades represented three distinct severity entities of pain intensity, disability 
and quality of life (Table 9, Figure 11). 
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Table 9. Grade of fracture deformation and its relation to pain intensity, disability, ADL 
and QoL during the 1-year follow-up period. 

Mild 

(n=22) 

(n=20)§ 

Moderate 

(n=50) 

(n=48)§ 

Severe 

(n=35) 

(n=33)§ 

Difference 

between grade 

  

Mean MD Mean MD Mean MD p 

(para) 

p 

(non-para)

3 weeks 62.4 66.8 70.0 73.0 77.4 76.7 0.014# 0.048#

3 months 54.4 61.7* 59.3* 67.0* 69.0* 70.0* 0.024# ns 

6 months 53.2 55.0* 59.5* 60.0* 67.3* 70.0* 0.045# ns 

von Korff’s 

pain intensity 

score 

12 months 49.1 58.3* 59.5* 63.2* 69.1* 67.0* 0.005# 0.021#

3 weeks 61.8 68.2 67.6 75.0 75.2 80.0 ns 0.037#

3 months 48.0* 51.5* 55.9* 58.5* 62.1* 67.0* ns ns 

6 months 44.6* 55.0* 50.2* 55.0* 56.2* 60.0* ns ns 

von Korff’s 

disability 

score 

12 months 45.7 53.3 51.9* 58.5* 61.8* 66.7* ns ns 

3 weeks 0.49 0.62 0.38 0.40 0.30 0.26 ns ns 

3 months 0.63 0.69* 0.53* 0.69* 0.45 0.62 ns ns 

6 months 0.62 0.69* 0.58* 0.69* 0.44 0.62 ns ns 

EQ-5D 

12 months 0.60 0.71 0.54* 0.67* 0.44 0.62 ns ns 

3 weeks 42.3 37.5 40.6 37.5 30.8 29.0 ns 0.046#

3 months 52.5 47.9* 48.5* 50.0* 44.3* 45.8* ns ns 

6 months 47.0 43.8 48.7* 47.9* 40.8* 37.5* ns ns 

Hannover 

ADL score 

12 months 59.5* 58.2* 46.1 38.0 42.2* 37.5* 0.047# ns 
# between mild and severe fracture difference 
* compared with 3 week results, p<0.05 
§ number of patient for the von Korff disability score analysis=total 101 patients 
MD: median 
p(para) indicates p value by parametric test (ANOVA) 
p(non-para) indicates p value by non-parametric test (Kruskal-Wallis test) 
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Figure 11. Average pain intensity in mildly, moderately and severely deformed acute 
fractures after 3 weeks, and 3, 6 and 12 months. 
 
20.4. Previous fracture and outcomes 

All the scores at all the follow-ups were worse in patients with a previous 
fracture(s). The differences between those patients with and without a 
previous fracture(s) were statistically significant for all the scores, except the 
pain intensity score (Table 10, Figure 12). 
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Table 10. Scores from the 4 questionnaires in acute fracture patients with or without a 
previous fracture(s) 

  Without 

previous 

fracture 

 (n=56) 

(n=54)§ 

With previous 

fracture 

(n=51) 

(n=47)§ 

Difference 

between with and 

without previous 

fracture  

  Mean Median Mean Median p 

(para) 

p(non-

para) 

von Korff pain  3 weeks 68.9 68.5 73.0 76.7 ns ns 

intensity score 3 months 59.3 63.3 63.8 70.0 ns ns 

 6 months 57.0 57.0 64.8 70.0 ns ns 

 12 months 56.5 60.0 64.9 70.0 ns 0.020 

von Korff disability  3 weeks 64.5 63.3 74.0 80.0 0.045 0.023 

score 3 months 53.5 51.5 59.7 63.0 ns ns 

 6 months 45.0 48.5 58.0 66.7 0.017 0.008 

 12 months 48.4 48.5 60.3 67.0 0.030 0.009 

EQ-5D 3 weeks 0.47 0.64 0.26 0.09 0.003 0.002 

 3 months 0.57 0.69 0.47 0.62 ns 0.020 

 6 months 0.63 0.69 0.45 0.62 0.006 0.003 

 12 months 0.57 0.71 0.46 0.62 ns 0.008 

Hannover ADL  3 weeks 41.0 37.5 34.1 25.0 ns ns 

score 3 months 53.9 52.0 41.5 41.7 0.009 0.013 

 6 months 51.9 52.0 39.0 33.0 0.010 0.014 

 12 months 53.9 54.0 40.6 33.3 0.008 0.019 

§ the number of patients in the von Korff disability score analysis 
p(para) indicates p value by parametric test (independent t-test) 
p(non-para) indicates p value by non-parametric test (Mann-Whitney test) 
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Figure 12. Hannover ADL scores at 3 weeks, and 3, 6 and 12 months after the acute 
vertebral fracture. 
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21. Analysis of the factors that influenced the prognosis 
of pain, disability ADL and QoL after an acute 
osteoporotic vertebral body fracture (Studies II-III) 

The factors that showed a statistically significant influence on the 
questionnaire outcomes in the multiple linear regression analysis (stepwise 
method) are shown in Table 11. The questionnaire scores at every follow-up 
were independent variables. Dependent variables were fracture type, grade of 
fracture deformation, fracture location, number of previous fracture, gender 
and age. For the analysis, dummy variables were used for fracture location, 
grade of fracture deformation, fracture location and gender. Fracture type 
dummy variable was 1. concave (coded 1), not concave (coded 0) and 2. crush 
(coded 1), not crush (coded 0). For the grade of fracture deformity, the 
dummy variable was 1. mild (coded 1), not mild (coded 0) and 2. severe 
(coded 1), not severe (coded 0). For fracture location, the dummy variable 
was 1. thoracic fracture (coded 1), lumbar fracture (coded 0) and 2. 
thoracolumbar joint (T12-L1) fracture (coded 1), not thoracolumbar joint 
fracture (coded 0). Gender coding was female (coded 1) and male (coded 0).  
Pain was mainly related to the fracture severity. Disability and EQ-5D were 
mainly related to the number of previous fractures. Hannover ADL score was 
related to gender and the number of previous fractures. 
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Table 11. Statistically significant relation factors from the multiple liner regression 
analysis. 

β: standarized partial regression coefficient 
p: two sided t-test  
fx: fracture 
Th: thoracic spine fracture 
TL: thoracolumbar junction (T12-L1) fracture 
 

gender 
Questionnare occasion concave crush

fracture type 
mild severe
grade of fracture

Th TL
acute fx location previous

female age R-squarefx number

β von Korff 0.239 0.0573 weeks
p pain intensity 0.013
β 0.221 score 0.244 0.1103 months
p 0.019 0.010
β 0.214 0.0466 months
p 0.027
β 0.261 0.06812 months
p 0.007
β von Korff 0.0503 weeks -0.224

disability p 0.021
β 0.194 score 0.0383 months
p 0.046 
β 0.256 0.0666 months
p 0.009 
β 0.231 0.05312 months
p 0.017 
β EQ-5D 0.0423 weeks -0.204
p 0.035 
β 0.197 0.1143 months -0.206 -0.257
p 0.006 0.027 0.033
β 0.0376 months -0.215
p 0.026 
β 12 months
p 
β Hannover 0.220 0.1333 weeks -0.318 -0.297
p 0.002 ADL score 0.036 0.003
β 0.1363 months -0.214 -0.285
p 0.021 0.002 
β 0.0356 months -0.209
p 0.031 
β 0.204 0.07212 months -0.194
p 0.043 0.033
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22. Characteristics of the acute and prevalent 
osteoporotic vertebral compression fractures (Study 
IV) 

22.1. Basic characteristics of the patients having an acute 
vertebral compression fracture 

The basic characteristics of the patients and acute fractures in study IV are 
summarized in Table 12. 
 
Table 12. Basic patient and acute fracture characteristics in study IV.  
Patient and fracture characteristics Number of patients or Age 
Total population 448 
Age, mean±SD (range) 76.8±10.9 (40-98) 
Gender  
       Male, age mean±SD 131 (29.2%), 74.1±12.0 
       Female, age mean±SD 317 (70.8%), 77.9±10.2 
Fracture location 
       Thoracic fracture 
       Lumbar fracture 
Type of fracture 
       Wedge 
       Concave 
       Crush 
Grade of fracture deformation 
       Mild 
       Moderate 
       Severe 
Number of previous fracture(s) 
       0 
       1 
       2 
       3 
       4 
       5> 
Kyphosis mean±SD (n=196) (degrees) 
Lordosis mean±SD (n=396) (degrees) 
Adjacent fracture (n=202) 
Cause of trauma (n=438) 

 
210 (46.9%) 
238 (53.1%) 

 
325 (72.5%) 
84 (18.8%) 
39 (8.7%) 

 
117 (26.1%) 
214 (47.8%) 
117 (26.1%) 

 
246 (54.9%) 
102 (22.7%) 

42 (9.4%) 
33 (7.4%) 
20 (4.5%) 
5 (1.1%) 

46.7±16.7 
35.6±15.5 

118 (58.4%) 

       A level fall 199 (45.4%) 
       Lift of a heavy object 12 (2.7%) 
       Other trauma causes 26 (5.9%) 
       No recollection of trauma 201 (45.9%) 
Time elapsed before visiting the emergency unit (n=438)  
       Within the first week 146 (33.3%) 
       Between one to three week 
       Within one month 
       More than one month 

75 (17.1%) 
39 (8.9%) 

60 (13.7%) 
       Unidentified 118 (26.9%) 
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22.2. Location of the acute fracture 
The distribution of the acute fracture levels is shown in Figure 13. There were 
210 thoracic (46.9%) and 238 lumbar (53.1%) fractures. The most frequent 
fracture levels were T12 and L1. 
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Figure 13.  Distribution of the acute fracture location according to level. 

 

22.3. Kyphosis and lordosis 
Out of 448 patients, it was only possible to satisfactorily determine the 
kyphosis in 196 patients. The average kyphosis of the thoracic spine was 46.7 
(SD 16.7) degrees. The lordosis could be determined in 396 of the 448 
patients and had an average of 35.6 (SD 15.5) degrees. Both the thoracic 
kyphosis and lumbar lordosis were correlated to the number of thoracic 
fractures (rs=0.39, p<0.00, rs=0.25, p<0.00 respectively). The lumbar lordosis, 
on the other hand, was negatively correlated to the number of lumbar 
fractures (rs=-0.23, p<0.00) and the thoracic kyphosis was not correlated to 
the number of lumbar fractures. 
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22.4. Analysis of all detected fractures 
The 448 individuals diagnosed with an acute vertebral fracture had a total 
number of 1318 fractures. The location and frequency of the fractures can be 
seen in Figure 14. 
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Figure 14. Distribution of the locations of all detected fractures (1318) in 448 patients 
with an acute fracture. 
 
22.4.1. Adjacent fracture 
Among the 202 patients who had multiple fractures, 118 patients (58.4%) had 
adjacent fracture(s). The distribution of the adjacent fracture locations can be 
seen in Figure 15. The adjacent fractures were mostly clustered at T11-T12, 
T12-L1 and L1-L2. 
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Figure 15. Distribution of the adjacent fracture locations. 
 
22.4.2. Fracture type among all detected fractures 
Analysis of the fracture type for all the 1318 fractures showed that the 
frequency of the concave fracture type increased in the lumbar spine, 
especially from L2 in the distal direction. The wedge fracture type, on the 
other hand, increased in the thoracic spine and at the L1 level (Figure 16). 
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Figure 16. Relative distribution of the three different types of fractures according to their 
location in the spine for the total number of diagnosed fractures. 
 
22.4.3. Grade of fracture deformity among all detected fractures 
There was a trend showing that the percent of mildly deformed vertebrae 
increased in the caudal direction, whereas the moderately deformed vertebrae 
increased in the cranial direction. For the severe fractures, a bimodal 
distribution was observed, with peaks at the T7 and T12 levels (Figure 17). 
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Figure 17. Relative frequency of the grade of fracture deformation among all the 
diagnosed fractures. 
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GENERAL DISCUSSION  
 

23. Pain, disability, ADL, and QoL evaluations after an 
acute osteoporotic vertebral compression fracture 
(Study I) 

The natural course of the osteoporotic vertebral compression fracture has not 
been studied thoroughly. This study was the first to analyze the course of this 
type of fracture over a longer period of time. The problems accompanying an 
acute vertebral compression fracture has been regarded as self-limiting, within 
weeks or a few months, and as having a good prognosis, at least for the 
majority patients [101]. The results of study I showed on the contrary that this 
fracture type was the starting point of a long-lasting painful and disabling 
health condition that drastically reduced the patient’s health-related quality of 
life.  
23.1. Pain 
The initial pain intensity, in the study, recorded three weeks after the 
occurrence of the fracture was lowered during the first three months, but 
remained on a high level for the remainder of the one year follow-up. The 
initial pain intensity, as measured with von Korff’s pain intensity score, was 
quite high (mean 70.9, SD 19.3; more than 97% reported > 25 on the pain 
intensity score which is regarded as clinically significant). The pain intensity 
after six months and one year remained high (mean score 61). It was of the 
same magnitude as the average pain intensity in a Swedish cohort of men and 
women who were fully work disabled for more than four weeks for back or 
neck pain [46]. Although not directly transferable, the pain intensity in the 
fractured patients after a whole year was just as severe as the preoperative 
pain in patients included in the Swedish National Spine Register, 
subsequently undergoing surgery for lumbar disc herniation (VAS: back 45, 
leg 64) or central spinal stenosis (VAS: back 55, leg 61) [104]. In the USA, 
one third of all the annually estimated 700,000 osteoporotic vertebral body 
compression fractures are believed to cause chronic pain [87]. The findings in 
the present study suggest that more than ¾ of the patients develop severe pain, 
lasting at least one year after this type of fracture. This finding is corroborated 
by another Swedish study, where it was noted that in more than 70% of the 
women, the occurrence of a vertebral body fracture was the beginning of a 
painful condition that could last at least up to 22 years [47]. 
23.2. Disability and ADL 
The patient’s disability rating pattern was quite similar to that for pain. In 
comparison to age-matched patients with non-osteoporotic chronic low back 
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pain, it was found that the disability was greater among those with a vertebral 
fracture [69]. In the present study, considerably lower values (worse) for ADL 
and back function were noted at all follow-up occasions in comparison to 
large cohorts of patients from six different countries with disabling low back 
pain [46]. When the impairment after a vertebral fracture was analyzed in 
1010 women 6 years after the fracture, it was found that those with a previous 
fracture had up to seven times greater odds of reporting difficulties with a 
variety of activities than those without [39]. Similarly, it was noted that the 
odds of impaired function (defined as problems with ≥ 3 physical or 
instrumental ADLs) were 2.3 times higher among those with an earlier 
clinically-diagnosed vertebral fracture [27]. It has also been found that 
impairment of ADL does not have to be related to the presence of pain, 
particularly not in patients with two or more prevalent fractures [56]. 
23.3. Quality of life 
The initial QoL, measured with EQ-5D, was quite low and similar or worse 
than what has been noted for long-lasting disabling low back and neck pain 
and comparable to the preoperative levels for a lumbar herniated disc or 
central spinal stenosis [46, 53, 104]. In a wider context than problems of the 
spine, the 3, 6 and 12 month EQ-5D values among the fractured patients 
found in the present study were similar or lower than the values found 
preoperatively in patients with hip or knee osteoarthritis, undergoing 
subsequent total joint replacement [45]. In comparison to the average EQ-5D 
value of 0.52 reported 1 year after the fracture in the present cohort, the 
corresponding values in hip fracture patients 1 year after  total hip 
replacement  surgery was 0.73 and after internal fixation surgery was 0.63 [7]. 
The EQ-5D values in the population of the city of Stockholm for the age 
groups represented in this study have been found to be just above 0.80 [12]. 
The worsening trend between 6 and 12 months was noticeable not only in the 
QoL recordings, but also for pain and disability as well, and seemed to 
emphasize the profound negative and lasting effect of this fracture [84]. In 
another Swedish cohort study, it was noted that all of the SF-36 (short form 
36) dimensions were significantly lowered, even 2 years after a vertebral body 
fracture, which was worse than after a hip fracture [42].  
 

24. Influential factors on pain, disability, ADL, and QoL 
(Studies II & III) 

Studies II and III revealed the factors that were most significantly related to 
the severe condition of the patients after one year. These factors included the 
existence of a previous fracture(s) and the severity of the acute fracture 
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deformation. The fracture level, type of fracture and gender influenced to a 
lesser extent the pain, disability and QoL one year after the fracture. 
24.1. Age 
No correlations could be found between age and the questionnaire outcome 
scores at any follow-up (p>0.05). When the age was divided into two groups, 
below 70 years (35 patients) and, 70 and over 70 years (71 patients), no 
differences could be found between the age groups (p>0.05). Furthermore, 
multiple linear regression analysis confirmed that age was not a significant 
factor in this respect. Also, a Swedish population study using EQ-5D found 
that the scores for individuals between 60-79 years of age were very similar, 
i.e. not so much change by age group, which can partly explain the findings of 
the present study [11, 12]. 
24.2. Gender 
Differences between genders were noted on von Korff’s pain intensity score 
at 3 and 12 months, EQ-5D at 3 weeks and 3 months, and Hannover ADL 
score at 3 weeks, and 3 and 12 months. The multiple linear regression 
analysis also showed that gender differences significantly influenced the 
outcome measures. Several studies of different back problems have found that 
women consistently report more functional limitations, physical disability and 
slower recovery from disability than men [3, 46, 79, 86]. The common finding 
has been that women are more likely to report or over-report ill health and 
disability while men tend to underreport their infirmities [49, 61, 111]. The 
higher prevalence of not only osteoporotic vertebral fractures but also other 
disabling conditions like osteoarthritis, chronic joint pain, spinal stenosis and 
other degenerative spinal disorders among women are factors that contribute 
to the higher reporting [32, 104, 111]. 
24.3. Cause of trauma 
When patients with a known trauma that caused the fracture were compared 
with those without a known trauma, it was found that the cause of trauma had 
no impact on the outcomes. Also, the grade and type of fracture were not 
related to the cause of trauma. It could be speculated that the patients without 
a known trauma had more severe osteoporosis, which could cause more pain 
and limited ADL, however, such differences could not be found. 
24.4. Time elapsed to the visit hospital 
No relations were found between the questionnaire outcomes and the time the 
patients waited before they sought medical attention and were diagnosed 
having a fracture. This is not surprising since most of the patients in this study 
did not get any treatment, other than possibly analgesics. 

 58



24.5. Hospitalization 
Hospitalized patients had significantly worse EQ-5D and Hannover ADL at 
12 months. Selection bias could possibly explain these findings since the 
patients who were hospitalized were older and perhaps had more 
comorbidities.  
24.6. Fracture location 
Few investigations about the relationship between fracture location and pain, 
disability, ADL or QoL have been reported. Two studies have shown that 
prevalent lumbar vertebral compression fractures lead to lower QoL and more 
severe pain than the prevalent thoracic vertebral fracture [16, 83, 102]. A 
stabilizing effect of the thoracic cage has been suggested as a reason for fewer 
problems after thoracic fractures [83]. The findings of studies II and III 
suggest a different development, at least during the first post-fracture year, 
between fractures in the thoracic and lumbar spines. While the lumbar 
fractures tended to improve steadily over the study year, the thoracic fractures 
tended to deteriorate after the initial three month improvement, which was 
noted in both the lumbar and thoracic spines. The occurrence of thoracic 
fractures has been reported to be related to an increase of the thoracic 
kyphosis [19, 22, 26], and this increase is associated with pain and disability 
[31, 70] possibly due to an increased spinal intramuscular pressure and 
accompanying ischemia causing muscle fatigue [106]. This could be a more 
reasonable explanation to the findings in the thoracic spine noted in studies II 
and III. 
24.7. Fracture type 
There are few studies that have evaluated the long-term effects of vertebral 
fracture type. No differences in pain or disability were found when wedge, 
concave or crush fracture types were compared in a cross-sectional study [28]. 
When random samples of men and women over 50 years of age were 
recruited from 30 European centers, all three fracture types were linked to an 
adverse outcome in a similar way [51]. 
In studies II and III, the acute wedge and concave fracture types resulted in 
less pain and better QoL than the crush fracture type. It is reasonable to 
assume that the somewhat milder symptoms after wedge or concave fractures 
could be explained by the fact that these fracture types included a much 
higher portion of mildly or moderately graded fracture deformations. 
24.8. Grade of fracture deformation 
The multiple linear regression analysis showed that the severe grade of 
fracture deformation significantly influenced the outcomes, especially pain 
intensity. Other studies have shown that severe vertebral fracture deformities 
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are associated with chronic and severe back pain and greater limitation of  
physical activities which involve the back [28, 70]. Although it seems 
reasonable that the greatest deformations create the worst problems, the exact 
mechanisms for this are still largely unknown. However, one mechanism was 
revealed when dynamic contrast-enhanced MRI was performed [60]. In this 
study, it was shown that the crush fracture caused more subsequent collapse 
than the other fracture types. The crush type fracture was likely to injure the 
perfusion to the vertebral body. In studies II and III, the crush fracture type 
had, by far, the highest inclusion of severely deformed vertebrae. It is possible 
that especially the severely deformed crush fracture may undergo a 
continuous collapse, similar to the collapse often seen in the head of femur 
after dislocated cervical neck fractures. However, without repeat X-ray 
examinations after the index X-ray, the possibilities of a continuous collapse 
occurring predominantly in the crush or severely deformed fractures could not 
be confirmed. 
24.9. Number of previous fractures 
The presence of one or more previous vertebral compression fractures added 
to the negative effect a subsequent acute fracture on disability, ADL, and QoL, 
but not on pain. This negative effect of a previous fracture(s) increased with 
number of fractures. As reported earlier, part of this finding can be explained 
by the fact that prevalent vertebral compression fractures worsen back pain 
[28, 31, 72, 93, 94, 97, 98] and QoL [41, 83, 99, 102, 110]. In the present 
studies, the most likely explanation for the negative effect that a previous 
fracture exerts is that the patients who had a previous fracture(s) already were 
more disabled and had a lower QoL when the subsequent acute fracture 
occurred. Less likely, although not impossible, would be that the previous 
fracture itself worsened the course of the acute fracture without lowering 
scores before the time of acute fracture event. The fact that the previous 
fracture’s effect on pain was less pronounced could be explained by the 
findings that the influence of an incident fracture on QoL and disability can 
last at least 5 years [39, 41, 56], while pain lasts somewhat shorter, 2-4 years 
[4, 48]. It is likely that at least some of the previous fractures in this study 
were so old, such that the pain was already on a decline. Cockerill and co-
workers reported that an incident fracture occurring as a subsequent one 
(during a mean follow-up period of 3.8 years and with a QoL evaluation 1.9 
years (median) after the repeat X-ray examination) lowered QoL more than 
that of controls, irrespective of the presence or not of a prevalent fracture [17]. 
If, however, the incident fracture occurred as a first fracture episode, no 
differences were noted between the cases and controls, the latter group 
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including both subjects with and without prevalent fracture [17]. This 
suggested that it was the second fracture which resulted in the long lasting (> 
3 years) deterioration of QoL. Furthermore, several earlier studies have shown 
that the number of prevalent fractures, especially moderately and severely 
deformed prevalent fractures, is related to impaired QoL [83, 90], as well as 
pain and disability [28, 48, 92]. Such results are consistent with the findings 
of the present studies, where relations between the number of previous 
fractures and impaired QoL, disability and ADL were also demonstrated.  
24.10. Adjacent fracture 
As for the previous fracture, the influence of an adjacent fracture on pain, 
disability and QoL has not been settled. A negative influence of an adjacent 
fracture was reported in one study [16], but not corroborated by others [83, 
102]. The present studies could not detect any negative effects of an adjacent 
fracture.  
 

25. Characteristics of the acute osteoporotic 
compression fracture (Study IV) 

The characteristics of the acute osteoporotic compression fracture found in 
study IV were in accordance with earlier reports of prevalent and incident 
vertebral fractures, including gender [18], age, fracture location [18, 51, 57, 
71, 100] and fracture type [22, 51] distribution.  
In studies I-III, there was a high refusal rate of participation (69%), mainly 
due to old age. To generalize the results of these studies, the characteristics of 
representative patients who suffer an acute vertebral compression fracture 
need to be known. Therefore, the patient characteristics in study IV were 
compared with those in studies I-III. Similar characteristics were found 
between the studies (Table 13).  
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Table 13. Comparison of patient characteristics between studies I-III and IV. 

Patient characteristics Studies I-III Study IV 
Total population 107 448 
Age, mean±SD 75.5±11.9 76.8±10.9 
Gender  
       Male, age mean±SD 32.7%, 76.1±11.2 29.2%, 74.1±12.0 
       Female, age mean±SD 67.3%, 75.3±12.3 70.8%, 77.9±10.2 
Fracture location  
       Thoracic fracture 54.2% 46.9% 
       Lumbar fracture 45.8% 53.1% 
Type of fracture  
       Wedge 69.2% 72.5% 
       Concave 18.7% 18.8% 
       Crush 12.1% 8.7% 
Grade of fracture deformity  
       Mild 20.6% 26.1% 
       Moderate 46.7% 47.8% 
       Severe 32.7% 26.1% 
Number of previous fracture(s)  
       0 52.3% 54.9% 
       1 25.2% 22.7% 
       2 8.4% 9.4% 
       3 2.8% 7.4% 
       4 5.6% 4.5% 
       5> 5.6% 1.1% 
Kyphosis mean±SD (degrees) 43.6±15.8 46.7±16.7 
Lordosis mean±SD (degrees) 30.5±16.5 35.6±15.5 
Cause of trauma  
       A level fall 45.4% 45.4% 
       Lift of a heavy object 1.9% 2.7% 
       Other trauma causes 5.6% 5.9% 
       No recollection of trauma 34.6% 45.9% 
Time elapsed before visiting 
the emergency unit 

 

       Within the first week 67.3% 33.3% 
       Within one month 14.9% 26.0% 
       More than one month 0% 13.7% 
       Unidentified 34.6% 26.9% 
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26. Clinical implications 
Clinical important consequences of these studies will be: 

• The patients get a more accurate individualized short and long term 
prognosis. 

• Plan for a long-lasting pain treatment in the majority of the patients is 
needed. 

• Early suggestion for more radical treatments, e.g. vertebroplasty or 
kyphoplasty, to the patients with the worst prognosis is possible. 
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 LIMITATIONS  
 

• It is difficult to distinguish whether a fracture is acute or not, especially 
for patients with severe osteoporosis and multiple compression 
fractures. Some patients who present with sudden back pain are 
erroneously diagnosed as having an acute vertebral fracture(s), when in 
fact the deformity has been present on earlier films [92]. Since an acute 
fracture, in all the studies in this thesis, was determined through clinical 
signs and plain X-rays, there is the possibility that some of the fractures 
interpreted as acute might rather have been relatively old.  

• Since, in most cases, only one X-ray examination was evaluated, it is 
possible that subsequent fractures during the study year could have 
contributed to the problems during the follow-up period (studies I-III). 

• Little was known about the patients prior to the acute fracture. For this 
reason, it is possible that some of the patients, due to comorbidity, for 
example, already had a deteriorated health-related quality of life which 
was subsequently worsened by the new fracture (studies I-III). This was, 
to some extent, compensated for by the fact that the scores used, e.g. 
EQ-5D, had age-stratified population data. 

• The number of the patients was too low to allow for a proper analysis 
of the effect of fracture level, for example. (studies II and III).  

• Since a large number of patients refused to participate in studies I-III, 
there is the risk of selection bias.  

• Some of the patients had X-ray examinations of their spines that did not 
include the entire thoracic or lumbar spines. For this reason, an old 
fracture(s), e.g. in the proximal thoracic spine, could have been missed 
and in such a way have skewed the previous fracture analyses in studies 
III and IV. 
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CONCLUSIONS 
 

• The acute osteoporotic vertebral compression fracture generally has 
been regarded as a condition with self-limiting problems and as having 
a relatively positive prognosis. From the results of this thesis, it can be 
concluded that this type of fracture has a more severe impact on pain, 
disability, ADL, and QoL than generally believed. 

• The results of the present care and treatment for the majority of the 
patients with an acute vertebral compression fracture are quite 
unsatisfying. 

• The initial severe fracture deformation was the worst prognostic factor 
for severely lasting pain and disability, and the deterioration of ADL 
and QoL.  

• Factors such as fracture level (lumbar fractures tended to improve 
steadily while thoracic deteriorated), type of fracture (wedge and 
concave fractures resulted in less pain and better QoL than the crush 
fractures), and gender influenced to a lesser extent the outcomes during 
the year after the acute fracture. 

• The deterioration of QoL, disability and ADL but not pain after an 
acute vertebral fracture was worsened in patients who had a previous 
vertebral compression fracture(s).  

 65



ACKNOWLEDGEMENTS 
 
I would like to express my sincere gratitude to all the people who, before the 
start and during the work on this thesis, have inspired, encouraged and 
contributed with their support. I would especially like to thank the following: 

Tommy Hansson, Professor, my principal supervisor and co-author, for 
guiding and encouraging me every step of the way, and giving me this 
opportunity, with his enormous never-ending energy and enthusiasm.  

Sten Holm, Professor, my supervisor, for his generous support, patience and 
invaluable help. 

Allison Kaigle Holm, PhD, my supervisor, for sharing her excellent scientific 
knowledge and expertise in the English language. 

Arne Gaulitz, PhD, my tutor, for help with the radiographic examinations. 

Elisabeth Hansson, PhD, for sharing her expertise in epidemiological and 
statistical methods. 

Jon Karlsson, Professor, the person who officially accepted me as a PhD 
student, for making me feel welcome to the department. 

Lars Ekström, BS, for all his kind help and support at the Department of 
Orthopaedic Development. 

Ann-Christine Bengtssson, for all her kind help and for teaching me 
Swedish with patience. 

Mari Lundberg, PhD, for her support in writing this thesis; without her help, 
I could not write this thesis. 

Hans Sihlbom, MD, PhD, and Susanne Bengtsson, for helping with 
collecting X-ray data at the Capio Diagnostic Center. 

Colleagues and friends at Yrkesortopeden, for all kinds of help, support 
and encouragement. Working with all of you has been a very unique 
experience. 

Adad Baranto, MD, PhD, for his support and encouragement. 

 66



 

Linda Johansson, secretary, I am convinced that less research would have 
been performed without a person like her. Without her compassion about 
research bureaucracy, everything would appear more chaotic.  

Elisabeth Gustafsson, secretary, for all the help with collecting patient data 
and practical paperwork. 

Ingalill Persson, secretary, for her kind and endless assistance in all the 
practical matters. 

Kenji Hanai, MD, PhD, Department of Orthopaedics, Nagoya City 
University, for guiding and encouraging me to study at the Department of 
Orthopaedics, Sahlgrenska Academy. Without such guidance, I would never 
have gained such a valuable experience in Sweden. 

Takanobu Otsuka, Professor, Department of Orthopaedics, Nagoya City 
University, for giving me the chance to work at Sahlgrenska Academy and for 
all the kind help and encouragement. 

Osamu Ogikubo, Assistant professor, Department of Orthopaedics, Nagoya 
City University, and co-author, for helping me with the ground-work on this 
research and for his encouragement. 

Nagoya City University colleague, for support and encouragement. 

Tatsumi Okamoto, my deceased grandfather-in-law, and Masae Okamoto, 
my grandmother-in-law, for their endless support of our family. 

Takumi Okamoto and Setsuko Okamoto, my parents-in-law, for all the 
love they bring to our family.  

Koichi Hozumi and Masami Hozumi, my dear aunt and uncle, for their 
unconditional love and for always supporting my family. 

Hiroyuki Suzuki, Akemi Suzuki, Hisae Okamoto, Satoki Okamoto, my 
dear brother and family members, for their encouragement and support. 

My mother, Naoko Suzuki, and my father, Takeaki Suzuki, for making me 
the person I am, and for showing me the true values in life.  

 67



My wife, Mayuko Suzuki, for her support, encouragement, love and never-
ending patience, and my son, Ikuto Suzuki, for his love and for being the 
meaning of life. 

This thesis was supported by grants from The Swedish Council for Working 
Life and Social Research, AFA Insurance, and Sahlgrenska Academy at the 
University of Gothenburg. 
 

 

 68



APPENDIX 
 
Appendix 1 
 
von Korff pain intensity and disability scores 
 
Pain intensity items 
 
(1) How would you rate your pain right now? [Current pain] 
No pain       Pain as bad could be 
0 1 2 3 4 5 6 7 8 9 10 
 
(2) After the fracture, how intense was your worst pain? [Worst Pain] 
No pain       Pain as bad could be 
0 1 2 3 4 5 6 7 8 9 10 
 
(3) After the fracture, how intense was your pain? (That is, your usual pain at times you 
were experiencing pain.) [Average Pain] 
No pain       Pain as bad could be 
0 1 2 3 4 5 6 7 8 9 10 
 
Disability items 
 
(4) After the fracture, how much has the pain interfered with your daily activities? [Daily 
Activities] 
No interference    Unable to carry on any activities 
0 1 2 3 4 5 6 7 8 9 10 
 
(5) After the fracture, how much has the pain changed your ability to take part in 
recreational, social and family activities? [Social Activities] 
No change       Extreme change 
0 1 2 3 4 5 6 7 8 9 10 
 
(6) After the fracture, how much has the pain changed your ability to work (including 
housework)? [Work Activities] 
No change       Extreme change 
0 1 2 3 4 5 6 7 8 9 10 
 
 
 
von Korff pain intensity score 

= (((response question 1) + (response question 2) + (response question 3)) / 3) * 10 
 
von Korff disability score  

= (((response question 4) + (response question 5) + (response question 6)) / 3) * 10 
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Appendix 2 
 
Hannover ADL score 
 
1 Can you reach up and get, for example, a book from a high shelf or cupboard? 
0. Either unable to do or able only with help 
1. Yes, but with some difficulties 
2. Yes, without difficulties 
 
2 Can you lift a full suitcase and carry it for 10 meters? 
0. Either unable to do or able only with help 
1. Yes, but with some difficulties 
2. Yes, without difficulties 
 
3 Can you wash and dry yourself from head to toe? 
0. Either unable to do or able only with help 
1. Yes, but with some difficulties 
2. Yes, without difficulties 
 
4 Can you bend forward to pick up a small lightweight object from the floor? 
0. Either unable to do or able only with help 
1. Yes, but with some difficulties 
2. Yes, without difficulties 
 
5 Can you wash your hair over a washbasin? 
0. Either unable to do or able only with help 
1. Yes, but with some difficulties 
2. Yes, without difficulties 
 
6 Can you sit for one hour on a hard chair? 
0. Either unable to do or able only with help 
1. Yes, but with some difficulties 
2. Yes, without difficulties 
 
7 Can you stand continuously for 30 minutes (for example in a queue)? 
0. Either unable to do or able only with help 
1. Yes, but with some difficulties 
2. Yes, without difficulties 
 
8 Can you raise yourself in bed from a lying position? 
0. Either unable to do or able only with help 
1. Yes, but with some difficulties 
2. Yes, without difficulties 
 
9 Can you put on and take off socks or similar garments? 
0. Either unable to do or able only with help 
1. Yes, but with some difficulties 
2. Yes, without difficulties 
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10 Can you bend sideways from a seated position to pick up a small object on the 
floor just beside your chair? 
0. Either unable to do or able only with help 
1. Yes, but with some difficulties 
2. Yes, without difficulties 
 
11 Can you lift a box (about 8kg) onto a table? 
0. Either unable to do or able only with help 
1. Yes, but with some difficulties 
2. Yes, without difficulties 
 
12 Can you run 100 meters fast without stopping in order to catch a bus? 
0. Either unable to do or able only with help 
1. Yes, but with some difficulties 
2. Yes, without difficulties 
 
 
Hannover ADL score = (total score) / (2*(number of valid answers))*100 
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Appendix 3 
 
EQ-5D 
 
Mobility 
1. I have no problems in walking about. 
2. I have some problems in walking about 
3. I am confined to bed. 
 
Self-Care 
1. I have no problems with self care. 
2. I have some problems washing or dressing myself. 
3. I am unable to wash or dress myself. 
 
Usual Activities (e.g. work, study, housework, family or leisure activities) 
1. I have no problems with performing my usual activities. 
2. I have some problems with performing my usual activities. 
3. I am unable to perform my usual activities. 
 
Pain/Discomfort 
1. I have no pain or discomfort. 
2. I have moderate pain or discomfort. 
3. I have extreme pain or discomfort. 
 
Anxiety/Depression 
1. I am not anxious or depressed. 
2. I am moderately anxious or depressed. 
3. I am extremely anxious or depressed. 

 72



REFERENCES 
 
 
1. Adachi JD, Ioannidis G, Pickard L, Berger C, Prior JC, Joseph L, Hanley DA, Olszynski 
WP, Murray TM, Anastassiades T, Hopman W, Brown JP, Kirkland S, Joyce C, 
Papaioannou A, Poliquin S, Tenenhouse A, Papadimitropoulos EA (2003) The association 
between osteoporotic fractures and health-related quality of life as measured by the Health 
Utilities Index in the Canadian Multicentre Osteoporosis Study (CaMos). Osteoporos Int 
14:895-904 
2. Altman DG (1991) Practical statistics for medical research. Chapman and Hall, London ; 
New York. 
3. Beckett LA, Brock DB, Lemke JH, Mendes de Leon CF, Guralnik JM, Fillenbaum GG, 
Branch LG, Wetle TT, Evans DA (1996) Analysis of change in self-reported physical 
function among older persons in four population studies. Am J Epidemiol 143:766-778 
4. Begerow B, Pfeifer M, Pospeschill M, Scholz M, Schlotthauer T, Lazarescu A, 
Pollaehne W, Minne HW (1999) Time since vertebral fracture: an important variable 
concerning quality of life in patients with postmenopausal osteoporosis. Osteoporos Int 
10:26-33 
5. Bengner U, Johnell O, Redlund-Johnell I (1988) Changes in incidence and prevalence of 
vertebral fractures during 30 years. Calcif Tissue Int 42:293-296 
6. Black DM, Palermo L, Nevitt MC, Genant HK, Christensen L, Cummings SR (1999) 
Defining incident vertebral deformity: a prospective comparison of several approaches. 
The Study of Osteoporotic Fractures Research Group. J Bone Miner Res 14:90-101 
7. Blomfeldt R, Tornkvist H, Ponzer S, Soderqvist A, Tidermark J (2005) Comparison of 
internal fixation with total hip replacement for displaced femoral neck fractures. 
Randomized, controlled trial performed at four years. J Bone Joint Surg Am 87:1680-1688 
8. Borgstrom F, Zethraeus N, Johnell O, Lidgren L, Ponzer S, Svensson O, Abdon P, 
Ornstein E, Lunsjo K, Thorngren KG, Sernbo I, Rehnberg C, Jonsson B (2006) Costs and 
quality of life associated with osteoporosis-related fractures in Sweden. Osteoporos Int 
17:637-650 
9. Brenneman SK, Barrett-Connor E, Sajjan S, Markson LE, Siris ES (2006) Impact of 
recent fracture on health-related quality of life in postmenopausal women. J Bone Miner 
Res 21:809-816 
10. Burger H, Van Daele PL, Grashuis K, Hofman A, Grobbee DE, Schutte HE, 
Birkenhager JC, Pols HA (1997) Vertebral deformities and functional impairment in men 
and women. J Bone Miner Res 12:152-157 
11. Burstrom K, Johannesson M, Diderichsen F (2001) Swedish population health-related 
quality of life results using the EQ-5D. Qual Life Res 10:621-635 
12. Burstrom K, Johannesson M, Rehnberg C (2007) Deteriorating health status in 
Stockholm 1998-2002: results from repeated population surveys using the EQ-5D. Qual 
Life Res 16:1547-1553 
13. Cauley JA, Hochberg MC, Lui LY, Palermo L, Ensrud KE, Hillier TA, Nevitt MC, 
Cummings SR (2007) Long-term risk of incident vertebral fractures. JAMA 298:2761-
2767 
14. Cauley JA, Thompson DE, Ensrud KC, Scott JC, Black D (2000) Risk of mortality 
following clinical fractures. Osteoporos Int 11:556-561 
15. Center JR, Nguyen TV, Schneider D, Sambrook PN, Eisman JA (1999) Mortality after 
all major types of osteoporotic fracture in men and women: an observational study. Lancet 
353:878-882 

 73



16. Cockerill W, Ismail AA, Cooper C, Matthis C, Raspe H, Silman AJ, O'Neill TW 
(2000) Does location of vertebral deformity within the spine influence back pain and 
disability? European Vertebral Osteoporosis Study (EVOS) Group. Ann Rheum Dis 
59:368-371 
17. Cockerill W, Lunt M, Silman AJ, Cooper C, Lips P, Bhalla AK, Cannata JB, Eastell R, 
Felsenberg D, Gennari C, Johnell O, Kanis JA, Kiss C, Masaryk P, Naves M, Poor G, 
Raspe H, Reid DM, Reeve J, Stepan J, Todd C, Woolf AD, O'Neill TW (2004) Health-
related quality of life and radiographic vertebral fracture. Osteoporos Int 15:113-119 
18. Cooper C, Atkinson EJ, O'Fallon WM, Melton LJ, 3rd (1992) Incidence of clinically 
diagnosed vertebral fractures: a population-based study in Rochester, Minnesota, 1985-
1989. J Bone Miner Res 7:221-227 
19. Cortet B, Roches E, Logier R, Houvenagel E, Gaydier-Souquieres G, Puisieux F, 
Delcambre B (2002) Evaluation of spinal curvatures after a recent osteoporotic vertebral 
fracture. Joint Bone Spine 69:201-208 
20. Crandall D, Slaughter D, Hankins PJ, Moore C, Jerman J (2004) Acute versus chronic 
vertebral compression fractures treated with kyphoplasty: early results. Spine J 4:418-424 
21. Crans GG, Silverman SL, Genant HK, Glass EV, Krege JH (2004) Association of 
severe vertebral fractures with reduced quality of life: reduction in the incidence of severe 
vertebral fractures by teriparatide. Arthritis Rheum 50:4028-4034 
22. De Smet AA, Robinson RG, Johnson BE, Lukert BP (1988) Spinal compression 
fractures in osteoporotic women: patterns and relationship to hyperkyphosis. Radiology 
166:497-500 
23. Dolan P, Gudex C, Kind P, Williams A (1996) The time trade-off method: results from 
a general population study. Health Econ 5:141-154 
24. Dolan P, Gudex C, Kind P, Williams A (1996) Valuing health states: a comparison of 
methods. J Health Econ 15:209-231 
25. Eastell R, Cedel SL, Wahner HW, Riggs BL, Melton LJ, 3rd (1991) Classification of 
vertebral fractures. J Bone Miner Res 6:207-215 
26. Ensrud KE, Black DM, Harris F, Ettinger B, Cummings SR (1997) Correlates of 
kyphosis in older women. The Fracture Intervention Trial Research Group. J Am Geriatr 
Soc 45:682-687 
27. Ensrud KE, Nevitt MC, Yunis C, Cauley JA, Seeley DG, Fox KM, Cummings SR 
(1994) Correlates of impaired function in older women. J Am Geriatr Soc 42:481-489 
28. Ettinger B, Black DM, Nevitt MC, Rundle AC, Cauley JA, Cummings SR, Genant HK 
(1992) Contribution of vertebral deformities to chronic back pain and disability. The Study 
of Osteoporotic Fractures Research Group. J Bone Miner Res 7:449-456 
29. European Prospective Osteoporosis  Study (EPOS) (2002) Incidence of vertebral 
fracture in europe: results from the European Prospective Osteoporosis Study (EPOS). J 
Bone Miner Res 17:716-724 
30. Fechtenbaum J, Cropet C, Kolta S, Horlait S, Orcel P, Roux C (2005) The severity of 
vertebral fractures and health-related quality of life in osteoporotic postmenopausal women. 
Osteoporos Int 16:2175-2179 
31. Finsen V (1988) Osteoporosis and back pain among the elderly. Acta Med Scand 
223:443-449 
32. Fries JF, Spitz P, Kraines RG, Holman HR (1980) Measurement of patient outcome in 
arthritis. Arthritis Rheum 23:137-145 
33. Fujiwara S (2004) [Epidemiology of osteoporosis and fracture]. Clin Calcium 14:13-18 
34. Genant HK, Jergas M (2003) Assessment of prevalent and incident vertebral fractures 
in osteoporosis research. Osteoporos Int 14 Suppl 3:S43-55 

 74



35. Genant HK, Jergas M, Palermo L, Nevitt M, Valentin RS, Black D, Cummings SR 
(1996) Comparison of semiquantitative visual and quantitative morphometric assessment 
of prevalent and incident vertebral fractures in osteoporosis The Study of Osteoporotic 
Fractures Research Group. J Bone Miner Res 11:984-996 
36. Genant HK, Wu CY, van Kuijk C, Nevitt MC (1993) Vertebral fracture assessment 
using a semiquantitative technique. J Bone Miner Res 8:1137-1148 
37. Gennari C, Agnusdei D, Camporeale A (1991) Use of calcitonin in the treatment of 
bone pain associated with osteoporosis. Calcif Tissue Int 49 Suppl 2:S9-13 
38. Grafe IA, Da Fonseca K, Hillmeier J, Meeder PJ, Libicher M, Noldge G, Bardenheuer 
H, Pyerin W, Basler L, Weiss C, Taylor RS, Nawroth P, Kasperk C (2005) Reduction of 
pain and fracture incidence after kyphoplasty: 1-year outcomes of a prospective controlled 
trial of patients with primary osteoporosis. Osteoporos Int 16:2005-2012 
39. Greendale GA, Barrett-Connor E, Ingles S, Haile R (1995) Late physical and 
functional effects of osteoporotic fracture in women: the Rancho Bernardo Study. J Am 
Geriatr Soc 43:955-961 
40. Gunnes M, Mellstrom D, Johnell O (1998) How well can a previous fracture indicate a 
new fracture? A questionnaire study of 29,802 postmenopausal women. Acta Orthop 
Scand 69:508-512 
41. Hall SE, Criddle RA, Comito TL, Prince RL (1999) A case-control study of quality of 
life and functional impairment in women with long-standing vertebral osteoporotic fracture. 
Osteoporos Int 9:508-515 
42. Hallberg I, Rosenqvist AM, Kartous L, Lofman O, Wahlstrom O, Toss G (2004) 
Health-related quality of life after osteoporotic fractures. Osteoporos Int 15:834-841 
43. Hansson E, Hansson T (2007) The cost-utility of lumbar disc herniation surgery. Eur 
Spine J 16:329-337 
44. Hansson E, Hansson T, Jonsson R (2006) Predictors for work ability and disability in 
men and women with low-back or neck problems. Eur Spine J 15:780-793 
45. Hansson T, Hansson E, Malchau H (2008) Utility of spine surgery: a comparison of 
common elective orthopaedic surgical procedures. Spine 33:2819-2830 
46. Hansson TH, Hansson EK (2000) The effects of common medical interventions on 
pain, back function, and work resumption in patients with chronic low back pain: A 
prospective 2-year cohort study in six countries. Spine 25:3055-3064 
47. Hasserius R, Karlsson MK, Jonsson B, Redlund-Johnell I, Johnell O (2005) Long-term 
morbidity and mortality after a clinically diagnosed vertebral fracture in the elderly--a 12- 
and 22-year follow-up of 257 patients. Calcif Tissue Int 76:235-242 
48. Huang C, Ross PD, Wasnich RD (1996) Vertebral fractures and other predictors of 
back pain among older women. J Bone Miner Res 11:1026-1032 
49. Hubert HB, Bloch DA, Fries JF (1993) Risk factors for physical disability in an aging 
cohort: the NHANES I Epidemiologic Followup Study. J Rheumatol 20:480-488 
50. Ikeuchi M, Yamamoto H, Shibata T, Otani M (2001) Mechanical augmentation of the 
vertebral body by calcium phosphate cement injection. J Orthop Sci 6:39-45 
51. Ismail AA, Cooper C, Felsenberg D, Varlow J, Kanis JA, Silman AJ, O'Neill TW 
(1999) Number and type of vertebral deformities: epidemiological characteristics and 
relation to back pain and height loss. European Vertebral Osteoporosis Study Group. 
Osteoporos Int 9:206-213 
52. Jang JS, Kim DY, Lee SH (2003) Efficacy of percutaneous vertebroplasty in the 
treatment of intravertebral pseudarthrosis associated with noninfected avascular necrosis of 
the vertebral body. Spine 28:1588-1592 

 75



53. Jansson KA, Nemeth G, Granath F, Jonsson B, Blomqvist P (2005) Health-related 
quality of life in patients before and after surgery for a herniated lumbar disc. J Bone Joint 
Surg Br 87:959-964 
54. Jensen GF, McNair P, Boesen J, Hegedus V (1984) Validity in diagnosing osteoporosis. 
Observer variation in interpreting spinal radiographs. Eur J Radiol 4:1-3 
55. Jiang G, Eastell R, Barrington NA, Ferrar L (2004) Comparison of methods for the 
visual identification of prevalent vertebral fracture in osteoporosis. Osteoporos Int 15:887-
896 
56. Jinbayashi H, Aoyagi K, Ross PD, Ito M, Shindo H, Takemoto T (2002) Prevalence of 
vertebral deformity and its associations with physical impairment among Japanese women: 
The Hizen-Oshima Study. Osteoporos Int 13:723-730 
57. Johansson C, Mellstrom D, Rosengren K, Rundgren A (1993) Prevalence of vertebral 
fractures in 85-year-olds. Radiographic examination of 462 subjects. Acta Orthop Scand 
64:25-27 
58. Johnell O, Kanis JA, Oden A, Sernbo I, Redlund-Johnell I, Petterson C, De Laet C, 
Jonsson B (2004) Mortality after osteoporotic fractures. Osteoporos Int 15:38-42 
59. Johnell O, Oden A, Caulin F, Kanis JA (2001) Acute and long-term increase in fracture 
risk after hospitalization for vertebral fracture. Osteoporos Int 12:207-214 
60. Kanchiku T, Taguchi T, Toyoda K, Fujii K, Kawai S (2003) Dynamic contrast-
enhanced magnetic resonance imaging of osteoporotic vertebral fracture. Spine 28:2522-
2526 
61. Kandrack MA, Grant KR, Segall A (1991) Gender differences in health related 
behaviour: some unanswered questions. Soc Sci Med 32:579-590 
62. Kanis JA (2002) Diagnosis of osteoporosis and assessment of fracture risk. Lancet 
359:1929-1936 
63. Kannus P, Parkkari J, Sievanen H, Heinonen A, Vuori I, Jarvinen M (1996) 
Epidemiology of hip fractures. Bone 18:57S-63S 
64. Karlsson MK, Hasserius R, Gerdhem P, Obrant KJ, Ohlin A (2005) Vertebroplasty and 
kyphoplasty: New treatment strategies for fractures in the osteoporotic spine. Acta Orthop 
76:620-627 
65. Kiel D (1995) Assessing vertebral fractures. National Osteoporosis Foundation 
Working Group on Vertebral Fractures. J Bone Miner Res 10:518-523 
66. Kleerekoper M, Nelson DA (1992) Vertebral fracture or vertebral deformity. Calcif 
Tissue Int 50:5-6 
67. Kohlmann T, Raspe H (1996) [Hannover Functional Questionnaire in ambulatory 
diagnosis of functional disability caused by backache]. Rehabilitation (Stuttg) 35:I-VIII 
68. Kuratsu S (2008) Natiowide survey and retrospective survey of current conservative 
treatment for spinal fractures in elderly. The Central Japan Journal of Orthopaedic & 
Traumatology 51: 231-132  
69. Leidig-Bruckner G, Minne HW, Schlaich C, Wagner G, Scheidt-Nave C, Bruckner T, 
Gebest HJ, Ziegler R (1997) Clinical grading of spinal osteoporosis: quality of life 
components and spinal deformity in women with chronic low back pain and women with 
vertebral osteoporosis. J Bone Miner Res 12:663-675 
70. Leidig G, Minne HW, Sauer P, Wuster C, Wuster J, Lojen M, Raue F, Ziegler R (1990) 
A study of complaints and their relation to vertebral destruction in patients with 
osteoporosis. Bone Miner 8:217-229 
71. Lunt M, O'Neill TW, Felsenberg D, Reeve J, Kanis JA, Cooper C, Silman AJ (2003) 
Characteristics of a prevalent vertebral deformity predict subsequent vertebral fracture: 
results from the European Prospective Osteoporosis Study (EPOS). Bone 33:505-513 

 76



72. Lyles KW, Gold DT, Shipp KM, Pieper CF, Martinez S, Mulhausen PL (1993) 
Association of osteoporotic vertebral compression fractures with impaired functional status. 
Am J Med 94:595-601 
73. Lyritis GP, Mayasis B, Tsakalakos N, Lambropoulos A, Gazi S, Karachalios T, 
Tsekoura M, Yiatzides A (1989) The natural history of the osteoporotic vertebral fracture. 
Clin Rheumatol 8 Suppl 2:66-69 
74. Machinis TG, Fountas KN, Feltes CH, Johnston KW, Robinson JS (2006) Pain 
outcome and vertebral body height restoration in patients undergoing kyphoplasty. South 
Med J 99:457-460 
75. Matthis C, Weber U, O'Neill TW, Raspe H (1998) Health impact associated with 
vertebral deformities: results from the European Vertebral Osteoporosis Study (EVOS). 
Osteoporos Int 8:364-372 
76. McCloskey EV, Spector TD, Eyres KS, Fern ED, O'Rourke N, Vasikaran S, Kanis JA 
(1993) The assessment of vertebral deformity: a method for use in population studies and 
clinical trials. Osteoporos Int 3:138-147 
77. Melton LJ, 3rd, Atkinson EJ, Cooper C, O'Fallon WM, Riggs BL (1999) Vertebral 
fractures predict subsequent fractures. Osteoporos Int 10:214-221 
78. Melton LJ, 3rd, Kan SH, Frye MA, Wahner HW, O'Fallon WM, Riggs BL (1989) 
Epidemiology of vertebral fractures in women. Am J Epidemiol 129:1000-1011 
79. Murtagh KN, Hubert HB (2004) Gender differences in physical disability among an 
elderly cohort. Am J Public Health 94:1406-1411 
80. NIH Consensus Development Panel (2001) Osteoporosis prevention, diagnosis, and 
therapy. JAMA 285:785-795 
81. O'Neill TW, Cockerill W, Matthis C, Raspe HH, Lunt M, Cooper C, Banzer D, 
Cannata JB, Naves M, Felsch B, Felsenberg D, Janott J, Johnell O, Kanis JA, Kragl G, 
Lopes Vaz A, Lyritis G, Masaryk P, Poor G, Reid DM, Reisinger W, Scheidt-Nave C, 
Stepan JJ, Todd CJ, Woolf AD, Reeve J, Silman AJ (2004) Back pain, disability, and 
radiographic vertebral fracture in European women: a prospective study. Osteoporos Int 
15:760-765 
82. Obrant KJ, Bengner U, Johnell O, Nilsson BE, Sernbo I (1989) Increasing age-adjusted 
risk of fragility fractures: a sign of increasing osteoporosis in successive generations? 
Calcif Tissue Int 44:157-167 
83. Oleksik A, Lips P, Dawson A, Minshall ME, Shen W, Cooper C, Kanis J (2000) 
Health-related quality of life in postmenopausal women with low BMD with or without 
prevalent vertebral fractures. J Bone Miner Res 15:1384-1392 
84. Oleksik AM, Ewing S, Shen W, van Schoor NM, Lips P (2005) Impact of incident 
vertebral fractures on health related quality of life (HRQOL) in postmenopausal women 
with prevalent vertebral fractures. Osteoporos Int 16:861-870 
85. Pak CY, Ho A, Poindexter J, Peterson R, Sakhaee K (1996) Quantitation of incident 
spinal fractures: comparison of visual detection with quantitative morphometry. Bone 
18:349-353 
86. Penning MJ, Strain LA (1994) Gender differences in disability, assistance, and 
subjective well-being in later life. J Gerontol 49:S202-208 
87. Phillips FM (2003) Minimally invasive treatments of osteoporotic vertebral 
compression fractures. Spine 28:S45-53 
88. Phillips FM, Ho E, Campbell-Hupp M, McNally T, Todd Wetzel F, Gupta P (2003) 
Early radiographic and clinical results of balloon kyphoplasty for the treatment of 
osteoporotic vertebral compression fractures. Spine 28:2260-2265 

 77



89. Prather H, Van Dillen L, Metzler JP, Riew KD, Gilula LA (2006) Prospective 
measurement of function and pain in patients with non-neoplastic compression fractures 
treated with vertebroplasty. J Bone Joint Surg Am 88:334-341 
90. Randell AG, Bhalerao N, Nguyen TV, Sambrook PN, Eisman JA, Silverman SL (1998) 
Quality of life in osteoporosis: reliability, consistency, and validity of the Osteoporosis 
Assessment Questionnaire. J Rheumatol 25:1171-1179 
91. Rao RD, Singrakhia MD (2003) Painful osteoporotic vertebral fracture. Pathogenesis, 
evaluation, and roles of vertebroplasty and kyphoplasty in its management. J Bone Joint 
Surg Am 85-A:2010-2022 
92. Ross PD (1997) Clinical consequences of vertebral fractures. Am J Med 103:30S-42S 
93. Ross PD, Davis JW, Epstein RS, Wasnich RD (1994) Pain and disability associated 
with new vertebral fractures and other spinal conditions. J Clin Epidemiol 47:231-239 
94. Ross PD, Ettinger B, Davis JW, Melton LJ, 3rd, Wasnich RD (1991) Evaluation of 
adverse health outcomes associated with vertebral fractures. Osteoporos Int 1:134-140 
95. Ross PD, Fujiwara S, Huang C, Davis JW, Epstein RS, Wasnich RD, Kodama K, 
Melton LJ, 3rd (1995) Vertebral fracture prevalence in women in Hiroshima compared to 
Caucasians or Japanese in the US. Int J Epidemiol 24:1171-1177 
96. Roy DK, O'Neill TW, Finn JD, Lunt M, Silman AJ, Felsenberg D, Armbrecht G, 
Banzer D, Benevolenskaya LI, Bhalla A, Bruges Armas J, Cannata JB, Cooper C, 
Dequeker J, Diaz MN, Eastell R, Yershova OB, Felsch B, Gowin W, Havelka S, 
Hoszowski K, Ismail AA, Jajic I, Janott I, Johnell O, Kanis JA, Kragl G, Lopez Vaz A, 
Lorenc R, Lyritis G, Masaryk P, Matthis C, Miazgowski T, Gennari C, Pols HA, Poor G, 
Raspe HH, Reid DM, Reisinger W, Scheidt-Nave C, Stepan JJ, Todd CJ, Weber K, Woolf 
AD, Reeve J (2003) Determinants of incident vertebral fracture in men and women: results 
from the European Prospective Osteoporosis Study (EPOS). Osteoporos Int 14:19-26 
97. Ryan PJ, Blake G, Herd R, Fogelman I (1994) A clinical profile of back pain and 
disability in patients with spinal osteoporosis. Bone 15:27-30 
98. Ryan PJ, Evans P, Gibson T, Fogelman I (1992) Osteoporosis and chronic back pain: a 
study with single-photon emission computed tomography bone scintigraphy. J Bone Miner 
Res 7:1455-1460 
99. Salaffi F, Cimmino MA, Malavolta N, Carotti M, Di Matteo L, Scendoni P, Grassi W 
(2007) The burden of prevalent fractures on health-related quality of life in 
postmenopausal women with osteoporosis: the IMOF study. J Rheumatol 34:1551-1560 
100. Samelson EJ, Hannan MT, Zhang Y, Genant HK, Felson DT, Kiel DP (2006) 
Incidence and risk factors for vertebral fracture in women and men: 25-year follow-up 
results from the population-based Framingham study. J Bone Miner Res 21:1207-1214 
101. Silverman SL (1992) The clinical consequences of vertebral compression fracture. 
Bone 13 Suppl 2:S27-31 
102. Silverman SL, Minshall ME, Shen W, Harper KD, Xie S (2001) The relationship of 
health-related quality of life to prevalent and incident vertebral fractures in 
postmenopausal women with osteoporosis: results from the Multiple Outcomes of 
Raloxifene Evaluation Study. Arthritis Rheum 44:2611-2619 
103. Stevens SS (1946) On the Theory of Scales of Measurement. Science 103:677-680 
104. Stromqvist B, Fritzell P, Hagg O, Jonsson B (2005) One-year report from the Swedish 
National Spine Register. Swedish Society of Spinal Surgeons. Acta Orthop Suppl 76:1-24 
105. Sugita M, Watanabe N, Mikami Y, Hase H, Kubo T (2005) Classification of vertebral 
compression fractures in the osteoporotic spine. J Spinal Disord Tech 18:376-381 
106. Takahashi I, Kikuchi S, Sato K, Iwabuchi M (2007) Effects of the mechanical load on 
forward bending motion of the trunk: comparison between patients with motion-induced 
intermittent low back pain and healthy subjects. Spine 32:E73-78 

 78



 79

107. Tanaka H (2003) MRI findings in osteoporotic vertebral fracture and prognosis after 
early conservative treatment. Orthopedics & Traumatology 52: 791-795  
108. Taylor RS, Taylor RJ, Fritzell P (2006) Balloon kyphoplasty and vertebroplasty for 
vertebral compression fractures: a comparative systematic review of efficacy and safety. 
Spine 31:2747-2755 
109. van der Klift M, de Laet CE, McCloskey EV, Johnell O, Kanis JA, Hofman A, Pols 
HA (2004) Risk factors for incident vertebral fractures in men and women: the Rotterdam 
Study. J Bone Miner Res 19:1172-1180 
110. van Schoor NM, Ewing SK, O'Neill TW, Lunt M, Smit JH, Lips P (2008) Impact of 
prevalent and incident vertebral fractures on utility: results from a patient-based and a 
population-based sample. Qual Life Res 17:159-167 
111. Verbrugge LM, Wingard DL (1987) Sex differentials in health and mortality. Women 
Health 12:103-145 
112. Von Korff M, Deyo RA, Cherkin D, Barlow W (1993) Back pain in primary care. 
Outcomes at 1 year. Spine 18:855-862 
113. Von Korff M, Ormel J, Keefe FJ, Dworkin SF (1992) Grading the severity of chronic 
pain. Pain 50:133-149 
114. Yoshida T (1999) Osteoporotic vertebral compression fracture; Early diagnosis and 
conservative therapy Clin Calcium 9: 1126-1131  
115. Yoshida T (2002) Cases of osteoporotic spinal fracture developing marked vertebral 
body pressure deformity. The Central Japan Journal of Orthopaedic & Traumatology 
45:473-474 
116. Yoshida T (2005) Conservative therapy for vertebral compression fractures in the 
elderly; early diagnosis and prediction of course. Kotu, kansetu, jintai 18: 395-401  
117. Ziegler R, Scheidt-Nave C, Leidig-Bruckner G (1996) What is a vertebral fracture? 
Bone 18:169S-177S 
 
 


	CONTENTS
	LIST OF PAPERS
	DEFINITIONS AND ABBREVIATIONS
	ABSTRACT
	SUMMARY IN JAPANESE�要約
	INTRODUCTION
	BACKGROUND
	Epidemiology of vertebral body fractures
	Prevalence and incidence
	Economic impact

	Study design
	Population-based study
	Prevalent deformity (fracture) study
	Incident fracture (deformity) study

	Clinical case study

	Radiographic diagnosis of vertebral body fractures
	Visual analog vs. morphometric methods
	Radiographic criteria to detect vertebral body fractures

	Evaluation of clinical symptoms
	Pain
	Prevalence
	Duration
	Intensity

	ADL and QoL

	Treatment
	Predictors of fracture prognosis

	AIMS OF THE THESIS
	PATIENTS AND METHODS
	Study design
	Inclusion criteria
	Studies I-III
	Study IV

	Exclusion criteria
	Studies I-III
	Study IV

	Patient participation
	Studies I-III
	Study IV

	Non-responders (Studies I-III)
	Treatment (Studies I-III)
	Preventive treatment (Studies I-III)
	Radiographic examination
	Studies I-III
	Study IV

	Fracture level diagnosis by subsequent examination
	Studies I-III
	Study IV

	Questionnaires (Studies I-III)
	von Korff pain intensity and disability score
	Hannover ADL score
	EQ-5D

	Statistical analyses
	Data level
	Choice of statistical methods
	Data analysis
	Descriptive statistics
	Differences between groups and hypothesised values
	Association, correlation and regression

	Internal missing value

	Ethical approval

	RESULTS
	The course of the acute vertebral body fragility fracture: its effect on pain, disability, and quality of life during 12 months (Study I)
	Basic characteristics of the patients and fractures
	Location of the acute fracture
	Pain, disability, ADL and QoL
	Pain analysis
	QoL analysis
	Gender differences on questionnaire outcomes
	Age differences on questionnaire outcomes
	Time since fracture diagnosis and outcomes
	Cause of trauma and outcomes

	The prognosis of pain, disability, ADL and QoL after an acute osteoporotic vertebral body fracture: its relation to fracture level, type, grade and previous fracture (Studies II & III)
	Fracture level and outcomes
	Fracture type and outcomes
	Grade of fracture and outcomes
	Previous fracture and outcomes

	Analysis of the factors that influenced the prognosis of pain, disability ADL and QoL after an acute osteoporotic vertebral body fracture (Studies II-III)
	Characteristics of the acute and prevalent osteoporotic vertebral compression fractures (Study IV)
	Basic characteristics of the patients having an acute vertebral compression fracture
	Location of the acute fracture
	Kyphosis and lordosis
	Analysis of all detected fractures
	Adjacent fracture
	Fracture type among all detected fractures
	Grade of fracture deformity among all detected fractures



	GENERAL DISCUSSION
	Pain, disability, ADL, and QoL evaluations after an acute osteoporotic vertebral compression fracture (Study I)
	Pain
	Disability and ADL
	Quality of life

	Influential factors on pain, disability, ADL, and QoL (Studies II & III)
	Age
	Gender
	Cause of trauma
	Time elapsed to the visit hospital
	Hospitalization
	Fracture location
	Fracture type
	Grade of fracture deformation
	Number of previous fractures
	Adjacent fracture

	Characteristics of the acute osteoporotic compression fracture (Study IV)
	Clinical implications

	LIMITATIONS
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	APPENDIX
	REFERENCES

