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Purpose:
Estimation of the incidence of brain metastases, and patterns of care for patients
with brain metastases in The Netherlands.
Methods:
Radiation-oncologists, neuro-oncologists and neurosurgeons, all members of the
Dutch Association of Neuro-Oncology (LWNO) were approached to complete a web-based
questionnaire. The first part of the questionnaire contained questions about the incidence of brain
metastases, the second part was designed to investigate treatment in 8 different imaginary
patient cases.
Results:
Ten radiation-oncologists, eleven neuro-oncologists and five neurosurgeons from
15 hospitals completed the questionnaire (response: 33% - 48%). Five radiation-oncologists
could provide incidence information from a patient data registration. Extrapolation resulted in a
rough estimate of 3,000 new cases per year referred for radiation therapy (18 per 105 citizens);
22% to 29% with a single metastasis. Adherence to the national guidelines for treatment of brain
metastases is poor; in only 3 of 13 case descriptions there was more than 70% agreement in
treatment policy. Finally, there was little agreement about the necessity and study-questions for
future studies on the role of radiotherapy.
Conclusion: The number of patients with brain metastases and their treatment
in The
Netherlands is poorly registered. Hence it is not possible to give a reliable estimate of the
incidence other than that the ‘number of patients run into thousands per year’. There are major
local differences in treatment policies, and only a minority of Dutch brain tumor specialists follows
the official Dutch national guideline for brain metastases.

INTRODUCTION
Brain metastases are common in the course of
cancer and usually fatal. In the Netherlands,
patients with brain metastases are poorly
registered. Therefore, there are no reliable
figures on the number of patients with brain
metastases, whether they have single or
multiple brain metastases, or what the

Amsterdam Medical Student journal

outcome of treatment is. However a better
understanding of the nature and the number of
patients with brain metastases is needed to
provide better health care for these patients,
and to identify priorities for scientific studies. It
has already been established that the number
of patients is high, that the morbidity is severe
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and that the survival rate with the current
treatments is still very poor.
Foreign population studies estimated the
incidence of patients with brain metastases at
around 10 per 100,000 people.1,2 For the
Netherlands this would come down to 1,700
patients with brain metastases annually. Based
on clinical studies and autopsy studies, the
incidence could possibly be much higher.1,2
Moreover, the results of primary cancer
treatment are improving, so that more patients
live long enough to develop brain metastases.
A revision of the Dutch national guideline for
brain metastases was published in 2011. This
guideline advises certain treatment policies
based on prognostic factors.3 Since then, a
number of randomized trials has been
published that may cast doubt on specific
treatment recommendations in the guideline.
4-8

Radiotherapy and surgery, in addition to Best
Supportive Care (BSC) with corticosteroids,
are the most commonly used treatments for
patients with brain metastases
In
radiotherapy, there are three commonly used
techniques: Stereotactic radiosurgery (SRS),
fractionated stereotactic radiotherapy (FSRT),
and whole brain radiotherapy (WBRT). The
choice of treatment depends on the number,
size and location of the tumor and the extent of
extracranial disease. The most important
prognostic factors for brain metastasis survival
are general condition, age, control of the
primary tumor, presence of extracranial
metastases, number of brain metastases and
response to corticosteroids.9,10 The median
survival is 3 to 4 months; the median survival
in the most favorable group after resection, is
9 to 10 months. These poor results of
treatment of brain metastases show us that we
urgently need more research and clinical trials.
PURPOSE
We conducted a Patterns of Care study to
investigate the feasibility of a national study in
patients with brain metastases. Therefore we
wished to estimate the number of patients
with single and multiple brain metastases. A
second objective was to gain insight into the
current treatment practice.
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METHODS
A Patterns of Care study was conducted
among neurosurgeons, neuro-oncologists and
radiation-oncologists whom were connected to
the Dutch Association
for Neuro-Oncology
(LWNO). An online survey was conducted with
SurveyMonkey ™ and was sent to all LWNO
members, with a reminder email after four
weeks. The Patterns of Care survey consisted
of two parts.
The first part was different for each specialism
(10-14 questions). It contained questions to
estimate the size of each center in beds per
unit and number of patients treated per year
and the number of patients treated for brain
metastases in 2012. We next asked how many
of these patients had a single brain
metastasis.
To gain insight into the validity of the answers,
we asked how the respondents came to their
answers (‘formally registered patients’, ‘best
guess’, ‘otherwise, i.e.’). Furthermore, we
asked the specialists how many patients were
referred to another specialists. For the
radiation-oncologists we added six additional
s u b j e c t - s p e c i fi c q u e s t i o n s r e g a r d i n g
radiotherapy techniques.
The second part of the survey contained eight
imaginary patient case descriptions (13
questions). The specialists were asked to
choose a policy, and if desired, to explain their
choice. Furthermore, we asked the specialists
their judgment on the purpose and usefulness
of adjuvant radiotherapy after resection of a
single brain metastasis (2 questions).

RESULTS
A total of 26 specialists completed the
questionnaire. There were
10 radiation
oncologists, 11 neuro-oncologists and 5
neurosurgeons, coming from 15 clinics. For
both the radiation-oncologists and
neurosurgeons this means a coverage of 48%
-50% of the neuro-oncological care in The
Netherlands.
Table 1 gives an overview of the participants,
with the number of patients they treated with
brain metastases in 2012, and the clinic sizes.
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Table 1. Summary of participating specialists estimate of number of patients with brain metastases and the
size of the department of new patients per year.
Radiation-oncologists

Total

Neuro-oncologists

Neurosurgeons

patients with
brain
metastases

clinic-size

patients with
brain
metastases

clinic-size

patients with
brain
metastases

clinic-size

325

5000

50

1500

45

500

75

4000

80

1400

30

450

150

4000

20

1200

30

400

190

2800

1 20

1100

30

200

100

2100

40

110

30

150

99

1500

150

n.s.

55

1350

125

n.s.

30

700

250

600

12 74

22,050

585

5,310

165

1700

141.6

2,450.0

83.6

1,062.0

33. 0

340.0

Average per
clinic

n.s. = not specified
Radiation-oncologists
Ten radiation oncologists specialized in neurooncology from all 21 approached radiotherapy
departments completed the survey (response
rate 48%). Together, they treated a total of
1,274 new patients with brain metastases in
2012: An average of 142 patients per
department (see Table 1). 21% (273 patients)
had a single brain metastasis. Five radiationoncologists obtained their figures from a
patient registry and five radiation-oncologists
based the number on a 'best guess'.
Neuro-oncologists
Ten neurologists from the 25 approached
neurology departments completed the survey,
three respondents indicated that they couldn’t
give any reliable numbers of patients with
brain metastases, because they were less
involved in treating these patients. Together,
seven neuro-oncologists estimated that they
had treated 585 patients with brain
metastases. An estimated 29% (170 patients)
had a single brain metastasis. None of the

Amsterdam Medical Student journal

neurologists kept a formal registration of
patients with brain metastases, so all the
numbers were based on best guess estimates.
Of the 585 patients, 74.5% were referred to a
radiation-oncologist, 11% were referred to a
neurosurgeon and 14.5% were not or to
elsewhere forwarded. An estimated 89 (15%)
patients were treated exclusively with best
supportive care.

Neurosurgeons
Five of the 10 approached neurosurgeons
(50%) operated a total of 165 patients for brain
metastases. 82% (135 patients) had a single
brain metastasis. All the neurosurgeons
provided best guess estimates.
Estimation of the incidence
Based on 10 of the 21 approached neurooncological radiation-oncologists (48%), there
were approximately 1 / 0.48 * 1,274 = 2,654
patients irradiated for brain metastases in
2012. Considering that 15% of the patients
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are, according to the neurologists, only treated
with best supportive care, we can estimate that
the incidence of brain metastases is more than
3,000 patients each year. Out of a population
of 16.7 million residents in 2012 that comes
down to 18 per 100,000 inhabitants.
Approximately 25%, about 750 patients, have
a single brain metastasis.
Therapeutic policy
We next attempted to get an impression of the
differences in the therapeutic policies and
adherence to the Dutch Guideline for Brain
Metastases by eight case descriptions. Table 2
summarizes the answers to the different case
descriptions. For example, figure 1 gives the
distribution of recommended strategies ‘by
radiation-oncologists after a radical resection
of a patient with a single brain metastasis.
Three answered that they usually ‘don’t give
adjuvant radiotherapy, two advised FSRT, four
advised SRS and one would add WBRT.
Among the fractionated schedules, three
different dose-fractionation schedules were
used, and also within the same departments
several different schedules were used.
With one exception, all the radiationoncologists advised adjuvant WBRT after a
radical resection of one to three brain
metastases. Six respondents recommended 5
fractions of 4 Gy, one respondent advised 2
fractions of 8 Gy and one radiation-oncologist
would apply 10 fractions of 3 Gy.
There was more consensus regarding the
schedules for SRS for
a single brain
metastasis. One fraction of 17 Gy to 22 Gy or
three fractions of 8 Gy or 8.5 Gy was advised,
depending on the size of the tumor.

DISCUSSION
In this study we found that the adherence to
the Dutch Guideline for patients with brain
metastases is poor. In only three out of 13
scenario’s, the guideline was followed by more
than 70% of the respondents.4 Furthermore,
we discovered that, with the exception of some
radiotherapy departments, patients with brain
metastases are not formally registered.
Therefore, the incidence of brain metastases
in the Netherlands is largely unknown.
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Figure 1. Adjuvant radiotherapy after radical
resection of a single brain metastasis

Our estimate of 3,000 patients per year, of
whom 570 (19%) to 870 (29%) have a single
brain metastasis, should be interpreted with
great reserves, due to several limitations:
- The incompleteness of response (33% 50%);
- The large differences among the
respondents in the ratio between the size of
the clinic (number of admissions per year)
and the number of patients with brain
metastases in 2012;
- The large variation in the proportion of
patients with single brain metastases
compared to the total amount of patients
with brain metastases, ranging from 5% to
45%;
- The majority of the estimates (83%) is
based on ‘best guesses’. Only in five cases,
all of radiation-oncologists, numbers were
based on a data-recording;
- Not all patients are referred to the
specialists we have interviewed, some are
treated palliatively by other specialists.
In The Netherlands in 2012, 101,373
inhabitants of The Netherlands were
diagnosed with cancer (excluding basal cell
carcinoma), and 43,139 Dutch persons died
from cancer.11 Provided that our estimate of
3,000 patients with brain metastases is
correct, 3% of cancer patients develop
clinically relevant brain metastases. These
patients usually die within a year and carry a
large risk for developing severe morbidity. A
uniform treatment of all relevant specialist is
This document was downloaded from amsj.nl
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Table 2. Treatment preferences on a patient with a single brain metastasis.

Wait-andsee

BSC

Different

vol. 2

Resection

Answers
WBRT

4%

Guideline
advice
local FRT

-

Elements case descriptions
SRS

-

Resection

0%

Symptoms

-

KPS
-

-

Tumorsize
96%

-

Case
SRS or
resectie

54%

feasible

-

yes

8%

8%

>70

29%

-

2cm
8%

-

1a
Wait-andSee

-

-

8%

4%

>70

46%

-

2cm

38%

-

1b
SRS or
WBRT

-

Resection

-

4%

13%

-

-

65%

-

4%

-

-

-

-

44%*

13%

30%*

Radiologic progression six months post radiosurgery:

feasible

status after
radical
resection
residue
after
resectie

feasible

status after
radical
resection
residue
after
resection
not
feasible

-

-

21%

>70

-

29%

2cm

96%

-

1c
SRS

4%

yes

8%

4%

>70

-

-

2cm

38%

83%

2

Best
supportive
care

-

yes

-

50

8%

8%

2cm

4%

54%

-

3a

Wait-andSee

-

56%

52%*

yes

-

-

-

44%*

50

8%

-

17%

-

2cm

13%

-

26%

22%

3b

17%

-

-

-

yes

44%

-

4%

50

4%

17%

2cm

Resection

13%

3c

feasible

SRS or
WBRT
feasible

39%

-

Best
supportive
care
Best
supportive
care

no

not
feasible

no

-

yes

50

-

-

2cm

5
-

4

6

yes

30%

8%

7a

SRS or
WBRT

26%

yes

22%

7b

SRS or
WBRT
yes

residue
after
resectie
not
feasible

8
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KPS = Karnofsky Performance Score; SRS = Stereotactic Radiosurgery; FRT = Fractionated radiotherapy; WBRT = Whole brain radiotherapy; BSC = Best Supportive Care *Much
cited comment: exclude radionecrosis by perfusion MRI.
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needed to improve the morbidity and increase
life expectancy.
We compared our inventory of choices of
treatments with the revised Dutch National
Guideline on Brain Metastases.3 As this study
shows, the guideline is followed by only a
narrow majority of neuro-oncology
specialists. A possible explanation for the
discrepancy is that the guideline is not always
based on ‘best clinical evidence’ for
radiotherapy in randomized trials.5 Noteworthy
is that the vast majority recommends, in
accordance to the guideline, radiosurgery in ‘a
patient in a good condition with a solitary brain
m e t a s t a s i s , b o t h fi t f o r s u r g e r y a n d
radiosurgery’. This is controversial, because a
review of randomized trials of Scoccianti et al
(2012) 5 suggested that resection gives a
greater survival benefit than radiosurgery.
‘After radical resection of a solitary brain
metastasis’ the guideline recommends a waitand-see policy with a three-monthly follow up
by MRI controls. However, nearly half of the
respondents ignored the guideline
recommendation, and would give adjuvant
radiotherapy. The poor adherence to the
guideline reflects the conflicting literature. The
review by Gaspar et al (2010) suggests that
resection followed by radiotherapy (WBRT)
improves local control and overall local in the
brain, compared with resection alone.12 The
same was found in a recent EORTC study.4
However, the improvement of tumor control in
the brain, did not result in a survival benefit or
in improvement of the quality of life. 4,6
Furthermore, there is little evidence that MRIsurveillance improves survival or the quality of
life, but they do increase the medical costs and
the burden upon patients.
Another difficult controversy, the indication of
radiotherapy in patients with more than one
brain metastasis, was not investigated in this
study.
CONCLUSIONS
Brain metastases represent a frequent and
often fatal complication of cancer. The results
of this study suggest that the incidence of
brain metastases (~ 3,000 patients per year),
is about twice as high as indicated by the
Netherlands Cancer Registration. Due to the
absence of a formal registration we are even
less informed about the treatments and the
results of these treatments. There are large
regional differences in treatment
preferences. Only a minority of the neuroAmsterdam Medical Student journal
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oncology specialists follow the Dutch guideline
for brain metastases.
RECOMMENDATIONS
It is recommended to
- improve central registration of patients with
brain metastases, their treatment, and
outcome.
- base a renewed guideline on best available
evidence that results in a greater adherence
to the guideline and consequently better
treatment results.
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RESUMINI

Pieter Wesseling
WHO ARE YOU?
Pieter Wesseling, born in
1959, raised in Rotterdam, studied Medicine in
Amsterdam (UvA); was trained as a
(neuro)pathologist in the The Radboud University
Nijmegen Medical Center
WHEN AND WHERE DID YOU GRADUATE?
1984, Medicine, UvA
WHAT IS YOUR AREA OF EXPERTISE?
Pathology of tumors of the central nervous system
(CNS)
WHAT IS YOUR CURRENT POSITION?
Professor in Neuro-oncological Pathology, The
Radboud University Nijmegen Medical Center and
since 2010 (for 50% of my time) in VU University
medical center, Amsterdam as well
WHAT WERE YOUR PREVIOUS POSITIONS?
Professionally as a medical specialist grown and
matured in The Radboud University Nijmegen
Medical Center (incl. training in 1991-1992 in Duke
University Medical Center, Durham NC, USA)
WHAT ARE YOUR RESEARCH INTERESTS?
Translational research on pathobiology/molecular
genetics of tumors of the CNS
PUBLICATIONS?
Co-author of > 200
manuscripts in international peer-reviewed journals,
multiple book chapters, including chapters on
several entities in the current WHO classification of
CNS tumors
AWARDS?
KWF/Dutch Cancer Society
personal clinical research grant in 2004-2010
Member of leading expert panel for 2015/2016
update of WHO classification of CNS tumors

Some Doctors of Medicine (MD's) already
know in their infancy what they would like to
become (pediatrician!; brain surgeon!) and
manage to make that dream come true.
However, the road to my 'final destination' in
Medicine was quite different. After finishing
high school I had figured out that I wanted to
become a dentist. I assumed that this would
allow me to combine intellectual challenges
with workmanship (sic!). Nevertheless a few
weeks into the first lectures in dentistry (UvA,
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1977) I started to doubt whether dentistry was
really the right choice for me.
Around that same period I passed the
(in)famous 'bones-exam' with high marks. As a
result Prof. Madjerek, the examiner of the
Dept. of Anatomy of the UvA, asked me what
my plans were for the future. I answered: 'I
don't know exactly, but I'm pretty sure that I
don't want to become a dentist'. Prof. Madjerek
hereupon replied that I was probably better off
in Medicine. Consequently, after some
thorough discussions with the student
counselors, I was allowed to continue with the
second year of Medicine.
Although I found Medicine to be really
interesting I still didn't know exactly what I
would like to do next. Not until I participated in
an obligatory rotation in Pathology (Wilhelmina
Gasthuis). The supervisor of my group was
Jan Willem Jansen, a very friendly resident in
Pathology with a real interest in teaching and
quite different from the caricature that many
colleagues made of pathologists at that time
('nerds in the basement doing creepy stuff').
During this rotation I again was asked what my
plans were for the future. Although I wasn’t
exactly sure, I knew that I didn’t want to
become a regular MD. It was then that Jan
Willem Jansen suggested that Pathology might
be a good fit. Subsequently, I did some more
reading on this medical specialty and decided
to apply for a position as a resident. I started
my training as a pathologist in 1984.
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About half a year into residency I figured out
that Pathology is a very broad specialty. I
therefore wanted to focus on, what I
considered to be, the most interesting part of
the human body: the brain. With this in mind I
asked Prof. Vooys, head of Pathology in the
Radboud UMC at that time, whether it was
possible to subspecialize in neuropathology.
Subsequently, I became increasingly involved
in the pathological diagnosis of Central
Nervous System (CNS) diseases.
In conclusion, I’m very happy with the role I
can play in Medicine. I'm very grateful for the
advice I was given. Some medical students
may have a very clear idea about where they
want to end up in Medicine. For others,
(un)solicited advice of colleagues, combined
with 'prove all things; hold fast that, which is
good' may help to find their destination.
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CLINICAL IMAGE

A 14-year-old girl
Martine F. Raphael

At the outpatient a 14-year old girl is seen with
progressive blue-purple discolorization of her
feet. Walking was painful. Upon physical
examination discolorization is noted of her toes
and the front parts of her feet. There were
some blisters on her toes. The left foot
appeared colder than the right foot and
capillary refill was decreased. Arterial supply
(pulsations in the arteries) were present. There
were no joint abnormalities.

What additional investigations would you
perform ?
What is the diagnosis ?

SOLVED IT? SCAN!
Amsterdam Medical Student journal
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How a lab joke could lead to
better research
E. Hodel
‘He could even draw a line through snow
on a TV screen!’ was a running gag about
one of the researchers in the institute
where I was an intern for several months. A
rivalling scientist once made up this gag
and every time it was told – in complete
secrecy – it generated many laughs. It took
a while before I got the joke, but then I
discovered how close to the truth it was.
Here, I’m not intending that I’ve found a
major fraud case like the Stapel-case.
However, I noticed how the quality of data
was systematically improved in an artificial
way based on ‘gut feelings’: suspected
o u t l i e r s w e r e fi l t e r e d o u t w i t h o u t
calculations, blank-values were taken from
previous experiments that turned out to be
more precise, graphs were shifted so they
would look more like the previous ones and
s t r a n g e fi n d i n g s w e r e o f t e n e v e n
completely ignored. These are a few
examples of what I saw happening during
lab journal discussions. And all these
small, and seemingly harmless, alterations
had only one goal: publishable data.
My observation is a good example of how
science can go wrong. But why did this
researcher do this? And how can he get away
with this? No one in the lab ever seemed to
question this, even the scientist that once
made this joke never really got into action. But
then the question arises: How reliable is
science then? My answer to the latter
question: well, not very. Unfortunately. Recent
articles in Nature, the Economist and the
Volkskrant reveal that many things go wrong in
science and that current research has to be
reshaped in order to be trusted again.
However, one player is missing in these
articles: the student. To find out where I, as a
student, could change science I started looking
for answers.
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The first question that came to mind during
these lab-meetings was ‘Why change data
artificially that were found in a honest scientific
way?’ The answer lays in a simple equation:
time = money. The researcher in question had
neither. No time, because he had to publish as
many papers as possible in the shortest
amount of time. No money, because in order to
get money he had to publish articles. So, in the
current system there is a vicious circle.
Research is rewarded for its quantity, much
less for its quality. Also, competitiveness plays
a major role. If you want your paper published,
you have to come up with something having a
‘wow-factor’, otherwise the chances of
rejection are too big. So leaving out, or slightly
modifying some values that may be
considered doubtful, could greatly boost your
career. The latter directly affects students. By
realizing that science is a team sport, and by
re-emphasizing fair play, we should chase less
after our own career in terms of publications.
In order to find an answer to the other
question, ‘how can this researcher get away
with modifying results’, we have to dig a bit
deeper. I think a large part of the problem is
culture: neither myself, nor the other students,
fellows or lab technicians ever spoke up.
Criticism was not well taken in the lab, and to
protect your own career you’d better keep
mum. Likewise the saying ‘What goes around,
that comes around’ any words spoken up loud
could influence your future position as PhD
student. I think here a lot could be improved:
students are new to the lab and spot recurring
flaws in research more easily than people who
are doing the same work for years. Better
guidance and protection of students who found
something that is incorrect is needed. Plus,
students should show more bravery in
speaking up. Another way of preventing
researchers getting away with fraudulent work
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would be to force all researchers to publish
their raw data. Making all raw data available,
preferably online, creates the transparency
that is needed. Students could very well play a
leading role in this by starting to publish all
their findings in an online lab journal.
No, science is not reliable as it is now. Part of
the problem is also the failing peer review
system. Peer reviewers have no time (there it
is again!) to dive into the presented work,
which means that many errors go undetected.
A hopeful solution was proposed in The
Economist1. They stated: ‘A growing numbers
of scientists, especially young ones,
understand statistics. But these trends need to
go much further. Journals should allocate
space for “uninteresting” work, and grantgivers should set aside money to pay for it.’ I
can only subscribe to this thought, and I even
see more possibilities. With the economical
crisis it often hard to get a job: paid reviewing
would be a good option!
As a last point, I want to mention the open
letter that Daniel Kahneman, an eminent
psychologist, wrote in 20122. Dr Kahneman
warns psychology students for the dangers of
a type of research that is regularly performed
and can make the students victims of the
current system. But this can be interpreted
much wider. Students have to question the
way in which science is performed nowadays
and must in mind what the best method is for
presenting fair results.
To me it is clear: science the way we do it now
needs to change and students could help a
great deal. It will never be possible to change
the whole system single handily, but small
changes students can definitely make. By
cooperating in teams, speaking up, being
transparent in the way we publish our data and
exploring the possibilities of paid reviewing
progress can be made. Also, a better
protection has to be provided of students who
discovered incorrect data and want to publish
this. These changes really need to happen:
otherwise science might change into a joke.
We are warned.
This essay is based on events that truly
happened. However, the mentioned joke and
the given examples of bad practice of science
do not belong to one person or institution. I
have combined multiple experiences to
emphasize my point.
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Bed rest
T.J. van Trier, prof. dr. Van Schaik
The lumbosacral radicular syndrome is
associated with radiating pain in one or more
lumbar or sacral dermatomes. Patients are
treated mostly with conservative treatment first
and for decades the mainstay of this
conservative treatment was strict bed rest for
14 days. Clinical trials back in the 90’s already
showed that bed rest in patients with a
lumbosacral radicular syndrome is not more
effective than ‘watchful waiting’ and 'watchful
exercise'.
The lumbosacral radicular syndrome was not
the only disorder for which bed rest was
recommended. After a concussion, patients
were also told to stop normal activities and lay
down, normally in a dark room without any
stimuli. New research suggests that bed rest
after a concussion hampers recovery
seriously. When patients were told to take bed
rest after a concussion, an increased number
of physical and emotional symptoms were
reported and a higher proportion of patients
suffered from a post-concussion syndrome.
Bed rest is not safe: numerous adverse
effects, both physical and psychological, have
been reported. Besides these adverse effects
people also missed out on school or work.
Given these adverse events and the evidence
that bed rest does not favour recovery, there is
no reason to prefer this treatment over
watchful waiting and graded return-to-activity.
In nowadays practice, it is not seldom that
people stay in bed for days or weeks. There is
no excuse for laziness among patients with a
radicular syndrome or a concussion anymore:
the advice is to keep calm, wait watchfully,
gradually return to normal activity and forget
about bed rest.
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The Lumbar Spine
M. Maas & S. Spijkers

LUMBAR SPINE SYSTEMATIC APPROACH
- LATERAL AND AP (RONTGEN + CT)
Lateral:
- Coverage - The whole lumbar spine should
be visible on both views
- Alignment - Follow the corners of the
vertebral bodies from one level to the next
- Bones - Follow the cortical outline of each
bone
- Spacing - Disc spaces gradually increase in
height from superior to inferior - Note: The
L5/S1 space is normally slightly narrower
than L4/L5
AP:
- Alignment - The vertebral bodies and
spinous processes are aligned
- Bones - The vertebral bodies and pedicles
are intact
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- Spacing - Gradually increasing disc height
from superior to inferior. The pedicles
gradually become wider apart from superior
to inferior
MRI LUMBAR SPINE SYSTEMATIC
APPROACH
- Alignment: look at the normal lumbar
lordosis and the posterior marginal line. Any
vertebrae out of line?
- Vertebra: quality of the marrow signal.
- Conus: position and caliber of the conus.
Terminates at L1/L2
- Cauda equina: Stenosis of the central spinal
canal, compression of the cauda equina
- Discs: bulge wider that it is deep, or deeper
than it is wide, evaluate all the discs
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PATIENT DATA
- Age: 32
- Gender: male
- Medical history: none
- Initial presentation: heavy bar landed on
patients’ back, the patient fell on the floor
and hit his head.
- Examination: head injury and lumbar
swelling. Pain at thoracic spine. Decreased
sphincter tension. Tingling sensation was
present in both legs after the accident, but
had already disappeared at time of
examination.
QUESTIONS
1. In which vertebra, based solely on the xrays, is something wrong?
a)
L1
b)
L2
c)
L3
d)
L4
e)
L5
2. Which of the following abnormalities is
visible on the X-spines and CT-spines?
a)
Compression fracture
b)
Burst fracture
c)
Translation fracture
d)
Distraction fracture
3. Is there a supplemented MRI-scan needed?
a)
Yes, to check for any neurological
damage
b)
Yes, to check for transverse injury
c)
Yes, to check for additional PLC
(posterior ligamentous complex)
damage
d)
No
4. Based on all images (X, CT, MRI), what is
the diagnosis in this case? Note: multiple
answers possible.
a)
Instable burst fracture of L3 with PLC
damage
b)
Damage of posterior elements of L3
c)
Ventral compression fracture of T11
d)
Burst fracture of T10
e)
Neurological damage of the spinal cord

REFERENCE
For spinal injuries the TLICS or
‘Thoracolumbar Injury Classification and
Severity Scale’ is a widely accepted method to
identify and score the injury based on
morphology, integrity of the PLC (posterior
ligamentous complex) and neurological status.
The scoring is as follows:

- Morphology:
- Compression fracture – 1 point
- Burst fracture – 2 points
- Translation fracture – 3 points
- Distraction fracture – 4 points
- Integrity of the PLC:
- Intact – 0 points
- Suspected injury or indeterminate – 2
points

- Injured – 3 points
- Neurological status:
- Intact – 0 points
- Nerve root – 2 points
- Cord/conus medullaris (incomplete) – 3
points

- Cord/conus medullaris (complete) – 2
points

- Cauda equina – 3 points
This score indicates the severity of the injury. A
common interpretation is that a score of less
than four requires no surgery, a score of
precisely four may require surgery (depending
on the preference of the surgeon) and a score
above four always requires surgery.
The scoring for our case is as follows. No
neurological abnormalities were present at the
time of the examination. The unstable burst
fracture with PLC damage of L3 is scored five
points. The ventral compression fracture of
T11 is scored one point, as there is no PLC
damage present. For the classification the
fracture with the highest amount of points is
chosen. In total this patient scored 5 points,
which implies need for surgery. For more
information see the literature below.
Khurana, B., Sheehan, S., Sodickson, A.,
Bono, C. and Harris, M. (2013). Traumatic
Thoracolumbar Spine Injuries: What the Spine
Surgeon Wants to Know. RadioGraphics,
33(7), pp.2031-2046.

SOLVED IT? SCAN!
Amsterdam Medical Student journal
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PROBLEM

A statistical problem overpowered multivariable
linear regression?
In order to identify parameters that influence myocardial perfusion, a total of 70 patients were
included in a multivariable linear regression model. A total of 19 different predictors were
considered, of which 18 were measured on patient level (for example gender, age, BMI, smoking,
medication, blood pressure) and 1 on coronary artery level (diameter of the coronary artery at
stenosis).
The rule-of-thumb is that investigators may include no more than 1 variable in a multivariable
regression model for every N=10 patients to have high enough power. Since all patients have
three coronary arteries, a total of N=210 outcomes were measured. Nineteen is less than 21, so
by the rule of thumb one might say that one has enough power. But what about the variables that
do not vary within a patient, can we just ignore that? Did the authors apply the rule of thumb
correct? If not, how could they have combined the three different measurements in coronary
arteries with all other variables in a correct manner?
ANSWER
When I read about this analysis, what struck
me the most was not the correct or incorrect
application of the rule of thumb. No, the design
of this study required a different type of
analysis. Why? Well, a multiple linear
regression model assumes independency of
all “observations”. This does not hold for the
210 coronary artery measurements. In case of
so-called multiple (or repeated) measurements
within subjects, like here when all three
coronary arteries are measured, you need
more advanced statistical models. Mixed
models are needed in this specific study, and if
you ever come across repeated measures:
consult a statistician beforehand. Of note,
multiple or repeated measures also occur in
longitudinal studies, when subjects are
measured repeatedly over times.
In order for me to understand the researcher’s
aim I looked up the original paper of this study.
I was relieved to see that the investigators did
in fact use a mixed model. So my main
concern was taken care of and the student’s
second question (at least) partly answered.
Now what about the student’s first question:
did the investigators apply the rule of thumb for
including 19 variables correctly? Well, the
Amsterdam Medical Student journal

answer to that question is simple: no, they did
not! The total number of “observations” of the
outcome measure was indeed 210, but there
were only 70 patients included. And that 70 is
the number we should use, allowing only a
maximum of 7 independent variables in this
model. How could the researchers then
identify the factors that influence myocardial
perfusion? They could have done this for
example via a forward selection procedure,
and add (one by one) only variables
significantly related to perfusion. Now, the
multiple regression model presented by the
researchers also included variables that were
non-significant. But do you, as researcher and
as clinician, really want a model containing
these non-significant predictors? To be honest,
I don’t think so…
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Statistical(analysis(highlighted((
In! a! simple! linear! regression! model,! we!
model! the! relationship! between! our!
outcome!(or!dependent)!variable!Y!and!a!
single!predictor,!or!independent!variable,!
X!by!a!straight!line:!Y!=!b0!+!b1X.!Note!the!
similarity!with!the!mathematical!formula!
y! =! ax! +! b! you! remember! from! high!
school.! We! can! also! model! the! relation!
between! outcome! Y! and! multiple!
different! variables! X1,! X2,! ...,! Xk!
simultaneously.! The! model! then!
becomes:! Y! =! b0! +! b1X1(+! b2X2(+(...(+! bkXk.!
Since! this! model! contains! multiple!
independent!variables,!we!refer!to!it!as!a!
multiple! linear! regression! model,! or! a!
multivariable! model.! You! also! see! the!
term! multivariate! regression! analysis!
used! regularly! in! this! setting.! That! is,!
however,! incorrect:! multivariate! models!
refer! to! models! with! multiple! different!
outcome!measures.(

!
!

Read a paper, but question the statistical
analyses? Let us know via www.AMSj.nl
All data presented in this article are fictional
and purely intended for educational purposes.
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Catching a virus
Alexander R. Schuurman & Lowiek M. Hubers
At the Tytgat Insitute for Liver and Intestinal
research, next to the AMC main building, PhD
students are passionately trying to make their
first scientific mark on their respective fields of
study. To study human diseases many of these
researchers rely on intricate mouse-models,
which can provide important insights on
pathophysiological mechanisms or novel
treatments. These precious and valuable mice
can be very challenging to breed and, as you
can imagine, are carefully kept in a clean
facility. Despite these precautions, this facility
recently was infected with a very virulent
mouse hepatitis virus. Understandably, when
this was discovered all researchers who were
in the middle of their experiments were fearful
of having to throw away their data. As we
speak, their mice are being tested whether
they really are infected or not, a timeconsuming process. Furthermore, the whole
facility must be cleared out, meaning that most
mice must be sacrificed. For many researchers
this means starting over and breeding their
mice of interest all over again.
Although very misfortunate, this event offers
us an important lesson. In scientific research,
a proper back-up of the data on your computer
is not sufficient to prevent the setbacks of a
virus-infection. It is also crucial to cryopreserve
embryos or sperm of your valuable genetically
modified mouse strain. Since not only
computers can catch a dangerous virus, mice
can as well.
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Surgical Versus
Conservative Interventions
For Treating Acute
Scaphoid Fractures In
Adults
ABSTRACT

B.N.P. de Boer1, J. Doornberg1, G.A. Buijze1
1Department of Orthopaedic Surgery, Academic Medical Centre Amsterdam
Background: Fractures of the scaphoid are common in young adults. The treatment of
scaphoid fractures can be either conservatively, for example immobilisation by a cast, or
surgically. However, there is a trend towards surgical intervention. Nonetheless, this trend is not
supported by evidence. Therefore, this review will assess the benefits and harms of conservative
versus surgical treatment of scaphoid fractures.
Objectives: To assess the benefits and harms of Conservative versus Surgical treatment of
Scaphoid fractures.
Search methods:
We have searched the Cochrane Bone, Joint and Muscle Trauma Group
Specialized Register, the Cochrane Central Register of Controlled Trials (The Cochrane Library)
(up to 2012), MEDLINE (1948 to 23 June 2014), EMBASE (1980 to 2012) and the Cumulative
Index to Nursing and Allied Health Literature (CINAHL; 1937 to 2012)
Results: 387 patients from eight studies were included. 194 were treated conservatively, 193
were treated surgically. Our primary outcome, the Functional Outcome, was measured in 267
patients. No statistical difference was found in the short-term outcome. Combining short term
results with long-term results showed a statistically significant difference, favouring surgical
treatment.
Seven studies reported Rate of Infection and Non-union but showed no significant difference. Six
studies reported Malunion and showed no significant difference either. According to our
secondary outcomes, there was a significant difference in favour of surgical treatment in Time to
Union and in Time to Return to Work. There was no significant difference in Range of Motion and
in Financial Costs.
Conclusion: This review suggests that regarding the standardized functional outcome, surgical
treatment is favourable over conservative treatment when combining short-term and long-term
results. However, this assumption is made based on evidence with limited quality. Complications
of surgical treatment need to be weighed carefully in clinical decision-making according to
Scaphoid fractures. Although we found a statistically significant difference for these treatment
modalities, it has little clinical implications.
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INTRODUCTION
The average annual incidence of scaphoid
fractures was 8 per 100,000 women and 38
per 100,000 men, predominantly in young
persons2. Thus, Scaphoid fractures are a
common hand injury1 Typically, a fracture
occurs after a fall on the outstretched hand
(FOOSH), as the Scaphoid bone acts as a
block for wrist extension3.
Nowadays there are multiple possibilities to
treat a scaphoid fracture. Yet there is still no
distinctness in which of the available
treatments is the best for the individual patient.
However, There is an ongoing trend towards
surgical treatment4, but there is only little
evidence to justify this trend5. Moreover,
previous reviews have showed no significant
favour for one of the options according to the
Minimal Clinical Important Difference5,6. The
outcome which is mostly used for these trials
is the Patient Rated Wrist Evaluation or an
equivalent as the Patient Evaluation Measure7.
Surgical interventions include open reduction
and internal fixation or percutaneous
(minimally invasive) fixation. Fixation is
performed with a headless bone screw. To
clarify: there are three types of bone screws
used: Acutrak, Herbert and Bold.
Conservative intervention includes any form of
cast immobilisation. Correspondingly
the
evidence on conservative treatment options is
evolving. Buijze et al10 showed the evolving of
cast immobilization over time. That said, their
current report states that scaphoid fractures
can be treated in a below- elbow cast, without
immobilization of the thumb.
Many studies report the assessment of the
differences in outcome between Surgical and
Conservative treatment. The most of the
follow-ups are less than 25 months11-15.
However, we included three long term followup trials as well 17-19 . We will assess
conservative therapy and surgical therapy for
Scaphoid fractures in adults on multiple
outcomes and endeavour to recommend one
of the two types of interventions. This
recommendation will be in accordance with our
primary outcome: the Standardized Functional
Outcome. We hypothesize that the surgical
treatment is superior over the conservative
way, because comparable review5 had
a
similar outcome.
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MATERIALS AND METHODS
Search methods
We have searched the Cochrane Bone, Joint
and Muscle Trauma Group Specialized
Register, the Cochrane Central Register of
Controlled Trials (The Cochrane Library)(up to
2012), MEDLINE (1948 to 23 June 2014),
EMBASE (1980 to 2012) and the Cumulative
Index to Nursing and Allied Health Literature
(CINAHL; 1937 to 2012). The search through
four databases is performed very carefully by
trained Cochrane personnel.
Criteria for considering studies for this
review
Two review authors (WAM and BNPB)
assessed the abstracts of all studies identified
by the initial search. Full copies of the reports
of potentially relevant studies were obtained
and assessed using criteria presented further
on this review (3.2.1). Disagreements were
resolved by discussion.
Types of studies
Randomised and quasi-randomised controlled
trials which compared surgical versus
conservative treatment for acute scaphoid
fractures in skeletally mature patients were
eligible.
3.3 Types of Outcome measures
Primary outcomes
- Functional outcome based on validated
function scores on both the long and the
short term, including
• Disabilities of the Arm, Shoulder and
Hand (DASH) score20
• Patient-Rated Wrist Evaluation (PWRE)21,
• Patient Evaluation Measure (PEM)22
• Modified Green and O'Brien score23
- Negative outcomes
• Rates of Infection
• Malunion
• Non-union, defined as no fracture healing
at more than six months post injury, with
radiographic evidence.
Secondary outcomes
The secondary outcome measures of this
review are patient satisfaction, wrist pain,
range of wrist motion, grip strength, time to
union, time to return to work, resuming of
previous activity, and financial costs.
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Definition of short term and long term
Short term outcome is defined as any results
in between 16 weeks to two years and long
term outcome is defined as any results in
between 7 to 12 years after the diagnosis of
the Scaphoid fracture.
Definition of malunion
Nonunion is found in two studies15 24. They
described the nonunion as cysts at the
nonunion (12 weeks) site, and three patients
had malunion of the fracture with

residual dorsal intercalated segment instability
deformity

GRADE assessment
All the included studies were selected
according to the GRADE criteria, as stated by
the Cochrane collaboration25.
[GRADE TABLE] is found in the online
supplementary
DATA COLLECTION AND ANALYSIS
Selection of studies

Figure 1 Flow chart of selection of studies for this review
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Assessment of risk of bias in selected
studies (=Assessment of methodological
quality)
One review author assessed the risk of bias in
the included studies by using the ‘Cochrane
Collaboration’s Tool for Assessing Risk of
Bias’.
RESULTS

[Fig. 2 is found in the online supplementary]
Literature search
The search resulted in 640 potentially eligible
studies. 8 of these 640 studies met our
inclusion criteria11-15, 17-19. The included studies
are all randomized or quasi-randomized
controlled trials. In total we included 406
patients with 407 fractures, out of seven trials.
204 fractures were treated conservatively, 203
fractures were treated surgically.
Description of included studies
Adolfsson et al. Randomized 53 patients to
two groups. Twenty-eight patients were treated
by immobilization for 10 weeks. The mean age
was 33 years. Twenty-five patients were
treated by a percutaneous Acutrak screw
fixation. The clinical examination 16 weeks
after the injury was attended by thirty-nine
patients. (74%)
Arora et al. allocated forty-seven to either cast
immobilization or internal screw fixation.
Twenty-three patients were allocated to the
conservative group. Twenty-one patients were
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treated with a cannulated screw. The average
age of the group was 33 years (20-56). Three
patients did not attend for final follow-up
evaluation at 24 weeks. (94%)
Bond et al. randomized twenty-five full-time
military personnel. The conservative group,
fourteen patients, was treated by cast
immobilisation. The surgical group, 11 patients,
underwent percutaneous internal fixation with
a cannulated Acutrak screw.
Dias et al. reported in 2005 a group of eighty-

eight patients. They randomized two groups.
The patients in the internal fixation group were
treated with use of a Herbert screw without a
cast. Both groups contained forty-four patients.
The follow-up was performed at two, eight,
twelve, twenty-six and fifty-two weeks
postoperatively. 7 patients were lost to followup. (92%)
McQueen et al. randomly allocated 60 patients
with fractures of the waist of the scaphoid
( H e r b e r t B 1 o r B 2 ) . On e g r o u p w a s
randomised to percutaneous fixation with a
cannulated Acutrak screw, the other group to
cast immobilization. The conservative group
included 30 patients. The surgical group
included 30 patients as well. This group
underwent percutaneous fixation of the
scaphoid within 14 days, using a standard
Acutrak screw. The maximum follow-up was
one year, five failed to attend at one year.
(92%)
Saeden et al. compared the long-term
outcome in 61 patients (62 fractures). A group
of 30 patients was randomized to nonoperative treatment using a cast. The surgical
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group contained 31 patients and 32 fractures.
This group was treated by a Herbert screw,
which was inserted from the distal pole of the
scaphoid. 50 patients with 51 (82,3%)
fractures agreed to participate in the follow-up
at a median of 11.7 years (range: 10.2 – 12.8).
Vinnars et al. randomly allocated 83 patients
with an acute nondisplaced or minimally
displaced scaphoid fracture in 2008. 42 were
allocated to nonoperative treatment, 35 were
analysed. They were treated by immobilisation
in a below-the-elbow cast, including the thumb.
41 patients underwent the surgical treatment,
40 were analysed. The surgical group was
treated by an headless bone screw, inserted
as described by Herbert and Fisher 26 .
Seventy-five patients (93%) returned for
clinical and radiographic follow-up, at a median
of 10,2 years.
Vinnars et al. reported in 2007 for a subgroup
of fifty-two patients from the same trial
reported in 2008.19 Both groups contained
twenty-six patients. There was only data used
which was not used in the article of Vinnars et
al. in 200819. In the surgical group the
scaphoid fractures were stabilized with a
standard Herbert screw. The mean duration of
follow-up was 10.2 years. No one failed to
attend to the follow-up (100%).
Methodological quality
The methodological quality of the included
trials was limited. All studies were randomized
controlled trials but concealment of allocation
was unclear in three studies11 14 17. The range
Infection is reported in seven studies. Five out
of the seven studies were not estimable, in
both groups were no infections reported. No
significance (P = 0,30) in favour of one of the
two interventions was reported, although the
rate of infection in patients treated
conservatively seems to be lower than the
infection rate in surgically treated patients. The
Odds Ratio was 3,37 [range 0,34 to 3,41].
Both the cases of infection were light. A
superficial wound infection and an infection
treated by oral antibiotics11.24
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of attending to the follow-up varies between
74%14 and 100%12 18. The study of Bond et al.
12 reported the surgical vs. conservative
treatment of scaphoid fractures in military
personnel. We decided to include this study
but to address the indirectness because of the
lack of diversity within the population. The
other studies appear to be free of other
sources of bias. The authors of four of the
eight studies analysed their data with the
intention to treat principle13 15 18 19.
Primary Outcomes
Four11,13,15,19 out of eight included studies did
reported our primary outcome. Vinnars et al. in
2008 reported the functional outcome on the
long term (10,2 years). Arora et al., McQueen
et al. and Dias et al. 2005 reported the
functional outcome on the short term (24
weeks, 1 year and 1 year). We pooled the data
for the short term, and we pooled the data for
the total group (short and long term combined)
as well. Analysis of the short term data did not
reveal a significant difference (P = 0.10); mean
difference = -4.70 with a 95% confidence
interval of [-10.23 – 0.83], but does seem to
suggest a favour to surgical treatment.
Analysis of the total data of the Standardised
Self Reported Disability did reveal in a
significant difference (P = 0.04) in favour of
surgical treatment, according to the Mean
Difference. This mean difference = -1,35 [-2,64
to -0,07)

without significance (P = 0,08). The Odds
Ratio is 0,15 [range 0,02 to 1,22].
Non-union is reported in seven
studies11-14,17,19. Dias et al. in 2008 used the
same patients and data as Dias et al. in 2005
so we excluded this data of Dias et al. 2008.
There is no significant difference between
surgical and conservative treatment on the
rate of non-union (P = 0,60). The Odds Ratio
was 0,68 [range 0,16 to 2,84].

Seven studies reported malunion11-15,17,19, but
Dias et al. in 2008 used the same patients and
data as Dias et al. in 2005 so we excluded this
data of Dias et al. in 2008. The outcome
seems to favour the surgical treatment, but
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Figure 3 Short term outcome Standardised Self Reported Disability, Mean Difference, Random effects.

Figure 4 Pooled data Standardised Self Reported Disability, Mean Difference, Random effects

Secondary Outcomes
Wrist pain is reported in one study13. Dias et
al. 2005, in this study there is a small
significance in favour of conservative
treatment; P = 0,03, mean difference is 0,35
[0,03 to 0,67]. Pain was measured on a scale
from 0 – 4 for 0 is best and 4 is worst.
Patient satisfaction is reported in one study12
as well. In this study there is a significant
difference in favour of conservative treatment,
P < 0,00001. The mean difference was 0,70
[0,46 to 0,94].
Patient satisfaction was
measured on a five-point scale.
Range of wrist motion is reported in seven
studies11-13,15-17,19. We reported the range of
wrist motion in the % of loss of wrist motion
compared to the other hand. The outcome is in
favour of surgical treatment, Mean Difference
= -1,15 [range -3,71 to 1,40], although the
difference is not significant (P = 0,38). There is
a wide heterogeneity, I2 = 85%.
Time to union is reported in three studies11 12
15. The difference is significant in favour of the
surgical treatment (P <0,00001). The Mean
Difference is -4,80 (weeks) [range -5,15 to
-4,44]. I2 = 0%.
Time to return to work is reported in six
studies11-13,15,17,18. However, one study13 did
not report the standard deviation so was
excluded for analysing. These five studies
showed a significant difference in time to
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return to work in favour of surgical treatment
(P < 0,00001). The mean difference was
-7,04 (weeks) [range -7,57 to -6,50]. I2 = 0%.
The data according Grip Strength were too
heterogeneous to pool. The Grip Strength was
measured by different methods and four
studies were not clear about which comparison
they made.
Financial costs were reported in 2 studies11,18.
We found no significant difference between the
two treatment options (P = 0,42). The Mean
Difference was -225,86 Euro’s, in favour of
operative treatment [range -776,72 to 325,00].
I2 = 0%.
Some studies contain substantial
heterogeneity. We experienced this in the
pooling of the data of the Short term
Standardized Self Reported Disability. The I2
test for heterogeneity was 73% so this is an
important issue to keep in mind and a
limitation to the value of the outcome. In the
total pooled data of the Standardized Self
Reported Disability the I2 test for heterogeneity
was 74%, so this is a limitation for the value of
the outcome as well. The I2 for heterogeneity is
85% for range of Wrist Motion, therefore this
outcome should be used carefully. The
outcomes for Grip Strength were
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Figure 5 Rate of infection, Odds Ratio, Random effects

Figure 6 Rate of Malunion, Odds Ratio, Random effects

Figure 7 Rate of Nonunion, Odds Ratio, Random effects

heterogeneous and unclear and we decided to
not report those. The heterogeneity was about
the way of measuring, different types of
squeeze-tools were used. Some studies
compared the force to the other, healthy, wrist.
Other studies compared the force to the
average force of the group of participants.
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DISCUSSION
Key findings
This review revealed different results with
regard to our primary outcomes. We assessed
the Standardized Self Reported Disability
(SSRD) on short term outcomes, and we
assessed this outcome combined with the long
term study of Vinnars et al. from 2008. We
found significant results in favour of surgical
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treatment for the SSRD in the pooled version
of the long and short term results (fig. 3).
We found significant difference in favour of
surgical treatment as well for both Time to
Union and time to Return to Work. Significant
difference in favour of conservative therapy
was found in Wrist Pain and in Patient
Satisfaction. Despite the significant results in
the primary outcome, this outcome, together
with the risk of infection during or after surgery,
proves the minimal clinical impact of this
review.
No statistical significant difference was found
for the short term SSRD.
We found no significant difference concerning
Rate of Infection, Malunion, Non-union, Range
of Wrist Motion, and Financial Costs.
However no significant difference is found in
costs of the treatment, one study shows a
favour in the direction of surgical treatment. As
financial costs get more and more important,
mentioning this is important and it is even
more important for future research..
Strengths and Limitations
One of the strengths of this review is an
accurate and thorough search. The search
through four databases was performed very
carefully by trained Cochrane personnel.
Furthermore, the analysis included both short
and long term consequences.
Limitations in this review are there in the
heterogeneity of most of the pooled data.
Moreover, the quality of the included studies,
according to the GRADE criteria, is sometimes
poor.
Implications for future research
There are still enough incertitude’s left for
future research concerning the optimal
treatment for Scaphoid fractures. For example
to assess wheter various patient populations
(e.g. differentiate in age, sex, race,
occupation) need to be treated different for an
optimal outcome.
Another implication for future research is to
assess how to treat different types of fractures
(Herbert A-D, displaced or not, previous
injuries) and wheter different treatments are
necessary for different fractures.
Furthermore, one could suggest an extra
outcome: patient satisfaction afterwards;
especially for surgical treatment.
Further studies should investigate costs of the
various treatment options. In this cost analysis
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both hospital costs and social costs should be
weighed to obtain an objective judgement
about a treatment.
CONCLUSION
This review suggests that Surgical treatment is
favourable over Conservative treatment
according to the Standardized Functional
Outcome. However, the outcomes in painscale and patient satisfaction suggest
otherwise. Although only reported in one study
these outcome measures are of great importance in
deciding which treatment to prescribe. Therefore

our review has little clinical implication and
future research is needed to make a clinical
recommendation.
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