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ABSTRACT
The Swedish Agency for Health Technology Assessment and Assesment of Social Services
(SBU) is an independent national authority, tasked by the government with assessing
methods used in health, medical and dental services and social service interventions from
a broad perspective, covering medical, economic, ethical and social aspects.
The language in SBU's reports are adjusted to a wide audience.
SBU's Board of Directors has approved the conclusions in this report.
Tel: 0046 6 412 32 14 | The systematic review showed the following graded resuilts:
Fax: 0046 8 411 32 60 |
Email: Sofia. Tranaeus@sbu.se e There is limited scientific evidence that the triad (Three components of a whole. The
triad associated with SBS usually comprises subdural haematoma, retinal haemorrhages
and encephalopathy.) and therefore, its components can be associated with traumatic
shaking (low-quality evidence).
o There is insufficient scientific evidence on which to assess the diagnostic accuracy of the
triad in identifying traumatic shaking (very low-quality evidence).
Limited scientific evidence (low-quality evidence) represents a combined assessment of
studies of high or moderate quality which disclose factors that markedly weaken the
evidence. It is important to note that limited scientific evidence for the reliability of a
method or an effect does not imply complete lack of scientific support.
Insufficient scientific evidence (very low-quality evidence) represents either a lack of
studies or situations when available studies are of low quality or show contradictory results.
Evaluation of the evidence was not based on formal grading of the evidence according to
GRADE but on an evaluation of the total scientific basis.
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AIM components can be explained by traumatic shaking of
In cases of suspected traumatic shaking, the diagnosis has children up to one year of age.

conventionally been based on three findings, referred to

collectively as the triad, namely: subdural haematoma

(bleeding between the dura mater and the brain), retinal
haemorrhages and various forms of brain symptoms
(encephalopathy). The presenting history is often that of
lethargy, seizures and apnoea. The purpose of this
evaluation was to determine how reliably the triad or its
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BACKGROUND

Child abuse was described in the medical literature as
early as in the 1800s (1), but it was only much later that
awareness of the practice became more widespread (2,3).
Child abuse can often be concealed within the family, and
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there is a risk of underdiagnosis, in part because the child
is unable to speak for itself. At the same time, overdiag-
nosis can have serious consequences, because families can
be split apart on false grounds. Adherence to the health-
care principle that the triad is attributable exclusively to
traumatic shaking can lead to overdiagnosis, because of
failure to consider other possible causes of the child’s
condition.

What is traumatic shaking?

Traumatic shaking occurs when a child is shaken in such
a way that its head is flung backwards and forwards. In
1971, Guthkelch, a neurosurgeon, hypothesized that such
shaking can result in a subdural haematoma, in the
absence of any detectable external signs of injury to the
skull (4). The article describes two cases in which the
parents admitted that for various reasons they had shaken
the child before it became ill. Moreover, one of the babies
had retinal haemorrhages. The association between trau-
matic shaking, subdural haematoma and retinal haemor-
rhages was described by Caffey in 1972 and referred to as
Whiplash Shaken Infant Syndrome (2). The injuries were
believed to occur because shaking the child subjected the
head to acceleration — deceleration and rotational forces.
In 1987, this theory was queried by Duhaime et al. (5) in
a biomechanical study which concluded that iso-
lated shaking, in the absence of direct violence, is
probably not of sufficient force to cause the injuries
described above.

The name of the condition has since been changed to
Shaken Baby Syndrome (SBS). There are a number of
studies on the association between various clinical and
radiographic findings and injuries caused by violent shaking
of a child (6-13).

In recent years, the term abusive head trauma (AHT) has
been introduced (see section ‘Terminology’). The project
group decided to apply the term ‘traumatic shaking’ to the
trauma mechanism and the ‘triad’ to the actual signs and
symptoms (13).

Signs and symptoms

In the scientific literature, various signs and symptoms are
described in association with traumatic shaking. The
collective name ‘triad’ has been adopted for the most
frequently occurring injuries (subdural haematoma, retinal
haemorrhage and encephalopathy). The main focus of this
report is the triad (see section ‘Terminology’). Other signs
are occasionally reported in association with traumatic
shaking, including bruising to the chest, fractures of, for
example, the ribs and shinbone (metaphyseal fractures), but
these injuries are not included in the present review.

Presenting medical history

When medical attention is sought for the affected child, the
presenting history includes various clinical signs such as
seizures, lethargy or other symptoms of encephalopathy.
The initial clinical and radiographic examination can
disclose the presence of, for example, subdural haematoma,
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or various symptoms of brain dysfunction. Subdural
haematoma, retinal haemorrhages and various forms of
encephalopathy can have serious sequelae, with permanent
damage to the brain and/or the eyes. Permanent damage
can comprise serious impairment of cognitive and/or motor
function, with widespread adverse effects on the child’s
health, development and future quality of life and can
ultimately even be fatal.

Healthcare personnel is encouraged to be alert to the
findings which comprise the triad and are required by law
(Social Services Act: Chapter 14, Section 1) to notify the
Board of Social Welfare if they become aware, or suspect,
that a child is being abused, or otherwise may need
protection. In a frequently quoted article by the American
Academy of Pediatrics, 1993 (14), physicians documenting
trauma affecting the brain in newborns are encouraged to
conduct a thorough examination and to be familiar with the
clinical and radiographic findings which can confirm
damage caused by traumatic shaking. The regional health-
care plan published by the Stockholm County Council 2011
stated as follows:

If there is no history of a traffic accident or a fall from
a considerable height, the combination of subdural
hematoma and encephalopathy with edema or hem-
orrhage strongly suggests that the child has been
abused. If there are also retinal hemorrhages then
from the medical point of view the diagnosis of abuse
is quite clear (15).

Other regional care programmes as well as the statement
by the Swedish National Board of Health and Welfare on
children who are being abused or are at risk of abuse
include guidelines on the care of infants in cases of
suspected abuse (16,17).

In recent years, however, the certainty with which it
can be determined that the findings of the triad are in
fact attributable to traumatic shaking has been questioned
(18-26). Many articles which have debated the subject of
traumatic shaking and the symptoms and signs of the
triad have been published in international and national
journals and in the media. In this context, it is important
to ascertain whether the conclusion that traumatic shak-
ing is the cause of these signs and symptoms is based on
evidence of the highest possible scientific quality. How-
ever, grading of scientific supporting evidence is based on
the assessment of groups — not of individuals. In order for
the justice system or social services to make a statement
on the association between exposure and disease or
injury, assessment of the individual case is required, with
other observations and conditions also taken into
account.

Terminology

The English term for the triad is Shaken Baby Syndrome
(SBS), which refers to the signs and symptoms which
allegedly can arise after an episode of isolated traumatic
shaking, that is shaking without the head impacting on any
object.
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In 2009, the American Academy of Pediatrics recom-
mended a broader term, Abusive Head Trauma (AHT),
which includes also direct trauma to the head (27). Also, to
be found in the literature are several other terms, which
partly or completely overlap the terms Shaken Baby
Syndrome and Abusive Head Trauma (see Chapter 9).
The terms are used in a variety of ways in the scientific
literature, and this contributes to the lack of methodological
clarity in studies of the effects of traumatic shaking. The
project group has therefore decided to limit the scope of the
project to isolated traumatic shaking, thereby including
only studies of cases in which there is no evidence of direct
trauma (external injury) to the head. Furthermore, the
authors have avoided the terms SBS and AHT because they
imply both the signs and symptoms and the alleged
mechanism behind the findings, even the intent. Instead,
the authors chose to make a clear distinction between the
injurious mechanism (‘traumatic shaking’) and the medical
findings (‘the triad’).

Investigation of injuries which may be attributable to
traumatic shaking

Diagnosis of suspected brain injury is based on comput-
erised tomography (CT) and/or magnetic resonance imag-
ing (MRI). The presence of retinal haemorrhages is
determined by examination of the fundus by ophthal-
moscopy or fundoscopy.

Other possible causes (differential diagnoses) of the triad
and its components

In cases presenting with the triad, it is important to
determine whether these can be attributed to causes other
than traumatic shaking.

Subdural haematoma, retinal haemorrhages and
encephalopathy have been described after delivery and in
association with such conditions as various convulsive states,
certain haemorrhagic diseases, infectious diseases, metabolic
disorders, immunological diseases, skeletal diseases and
vascular malformations (see Appendix 1 for details).

The triad — Signs and symptoms

Subdural haematoma

It is well known that trauma to the head can give rise to
subdural haematoma. In an adult, the underlying mecha-
nism is rupture of one or more of the bridging veins, with
bleeding into the subdural space. In many such cases, there
are often also external signs of trauma to the head in the
form of soft tissue bleeding, but in other cases, a CT scan
may disclose internal injury in the absence of any evidence
of external trauma.

Shaking an infant causes the movement of the brain to
be out of synchrony with the movement of the skull.
However, there is lack of consensus about the mechanism
underlying the bleeding. It has been proposed that it may
result from capillary injury (28,29). As isolated traumatic
shaking does not involve direct trauma to the head, there
will be no external signs of head trauma such as swelling
of soft tissues, contusions, lacerations or skull fractures.

Traumatic shaking: The role of the triad

Hence, an incident is not classified as isolated traumatic
shaking when soft tissue injuries or skull fractures are
detected. Soft tissue injury and skull fracture(s) are
therefore findings which exclude isolated traumatic
shaking.

Imaging techniques have shown that subdural haema-
toma can occur in association with vaginal delivery but is
usually resorbed within a few weeks (22).

In the space created by the haematoma, effusion (leakage
of fluid) may result in the development of a so-called
subdural hygroma, which contains cerebrospinal fluid. It
has been proposed that further bleeding in this space could
occur spontaneously, or as a result of minor trauma (30—
33). It has also been proposed that an enlarged subarach-
noid space could increase the risk of subdural haemorrhage
(19,34-36).

Retinal haemorrhages

Retinal haemorrhages associated with traumatic shaking
have been attributed to transfer of shearing forces in the
vitreous body of the eye to the retina, due to increased
pressure in the venous blood vessels in the retina, resulting
in rupture of the vessels (37-39). It has also been proposed
that during shaking, repetitive acceleration and decelera-
tion create shearing forces between the vitreous body and
the retina, as well as direct injury to the eyeball. However,
bleeding in the fundus of the eye has also been demon-
strated in association with subdural haematoma consid-
ered to be caused by disease and it is therefore possible
that retinal haemorrhages can arise as a sequel to subdural
haematoma. One possible explanation is that increased
intracranial pressure caused by oedema of the brain leads
to increased pressure in the central optical vein, with
congestion in the retina (40,41). The relationship between
subdural haematoma and retinal haemorrhages is sup-
ported by studies showing that isolated incidents of retinal
haemorrhages are very rare (38,41). Retinal haemorrhages
have also been observed after normal vaginal deliveries
(42).

Encephalopathy

Encephalopathy can present with such signs as lethargy,
seizures and dyspnoea, among others. These signs may be
attributable to frictional damage in the brain or the cervical
medulla, and/or brain oedema. Brain oedema and brain
hypoxia can cause irreversible brain damage. Increased
intracranial pressure, for example, due to brain oedema or
subdural haematoma, can also result in seizures, apnoea
and lethargy (43,44). Brain oedema can be revealed by both
computed tomography (CT) and magnetic resonance imag-
ing (MRI) and appears as effacement of the sulci and
compression of the cerebral ventricles. These may be
temporary conditions, which resolve without any perma-
nent brain damage.

The most serious condition can be revealed by CT and
MRI as reduced differentiation between the white and grey
matter of the brain, representing a global irreversible
ischaemic injury.
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Diagnostic methods

Intracranial examination

While CT is based on the differences in absorption of x-ray
radiation of substances and tissues of varying density, MRI
exploits a number of different properties of substances and
tissues and thereby offers a richer and often more specific
characterisation of the tissue being examined.

Both techniques allow observation of thin ‘sections’
through the entire brain, with reconstructions in several
planes, and also assessment of the intracranial vessels
(using contrast medium in the vessels). Both techniques
provide similar information on changes in the brain ventri-
cles and basal cisterns, such as compression of the ventri-
cles in brain oedema, widening in hydrocephalus,
displacement due to haemorrhage and the risk of brain
herniation.

However, MRI can provide different information from
CT, for example with respect to the presence of fresh blood,
deposition of hemosiderin (a decomposition product of
haemoglobin) and early ischaemic and axonal injuries
(45,46).

While an acute subdural haematoma in a small child
comprises fresh blood, a subacute subdural haematoma is
usually composed of a mixture of an upper layer of fluid and
a sediment of coagulated blood (47). The development of
the haemorrhage over time results in different patterns on
CT and MRI. The time frames for the development and
duration of these patterns can overlap; hence, determina-
tion of the age of the injury is uncertain (48). In rare cases,
calcifications can be mistaken for fresh blood, particularly
in the brain tissue. On a CT scan, haemorrhage has a more
robust pattern than that seen on various MRI sequences,
which have a varying and partly overlapping appearance,
depending on the composition of the bleeding and the time
elapsed since the injury. CT assessment of the age of a
subdural haemorrhage is therefore considered to be more
reliable than assessment by MRI (49,50). The ability to
determine the age of a subdural haematoma can be
important for correlation with the alleged time of injury.

Both CT and MRI can be used to determine brain oedema,
which appears as effacement of the sulci on the surface of the
brain and compression of the ventricles and basal cisterns. CT
is more reliable than MRI for assessing fractures.

Retinal examination
Two methods can be used for examination of the ocular
fundus. The most common is fundoscopy with or without
dilatation of the pupil. More recently, a photographic
method has been developed (RetCam). This method allows
subsequent assessment of the findings by other observers
who are not aware of the case history or the purpose of the
examination (51,52).

At autopsy, the entire eye can be examined, and other
findings can then be described (53,54).

Haemorrhage in the ocular fundus cannot usually be
assessed by CT or MRI. However, in a recently published
MRI study, a particular imaging sequence was compared
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with ophthalmoscopy and it was shown that in 83% of
cases, retinal haemorrhages could be detected by MRI
(55,56).

In this context, it is important to be aware that interpre-
tations of CT, MRI and ocular fundoscopy findings are
somewhat subjective and the experience of the individual
observer can influence the final assessment.

SYSTEMATIC EVALUATION: METHOD

Question to be addressed

The aim of the present investigation was to address the
following question: With what certainty can it be claimed that
the triad, subdural haematoma, retinal haemorrhages and
encephalopathy is attributable to isolated traumatic shaking
(i.e. when no external signs of trauma are present)?

PIRO

P (Population): Children <12 months of age.

I (Index test): The triad in cases of suspected traumatic
shaking.

R (Reference test/gold standard): Admitted or witnessed
traumatic shaking or other trauma.

O (Outcome measure): Diagnostic accuracy.

The project has been conducted in accordance with the
method described in SBU’s manual (57).

Criteria for inclusion and exclusion
Inclusion criteria

Study design. Case-control, cohort and registry studies
and studies applying qualitative methods of analysis.

Observations. To reduce the risk of random errors of
selection, only studies comprising 10 or more cases were
included. With respect to possible alternative explanations
(differential diagnoses), the project group was of the
opinion that one published case was sufficient to question
the hypothesis that the triad is always caused by traumatic
shaking. Articles on differential diagnoses were not quality
assessed and are therefore not included in the basis for the
results. If a subgroup of children who had been subjected to
traumatic shaking and/or a subgroup aged <12 months
(median and/or mean age) was included in AHT studies,
then these were included by the project group. The peak age
of children subjected to traumatic shaking is stated to be
2 months (58) and the project group therefore decided to
limit the review to studies of children with a mean or
median age of <12 months.

Language. Articles written in English, German, French,
Swedish, Danish and Norwegian were included.

Other criteria. The project group decided to include only
cases of traumatic shaking which were witnessed (e.g. video
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recorded) or in which someone had confessed to shaking
the child.

Exclusion criteria

The project group excluded studies of fewer than 10 cases
and AHT studies which included external injury to the head
and/or fractures and other injuries.

Studies identified in the literature search as biomechan-
ical studies and studies which deal with other possible
causes of the triad have been considered separately and are
presented in Appendices 1 and 2.

Methodology for selection of studies

Based on the question to be addressed by the project, the
literature databases were searched systematically, in close
collaboration between the information specialist and the
experts in the project group. The literature search encom-
passed the databases PubMed, Embase and Cochrane
Library through October 15th, 2015. Further studies were
searched for manually, through the reference lists of
individual studies and systematic reviews. For a detailed
description of search terms and limitations, see Appendix 4,
www.sbu.se/255e.

Assessment of relevance

The lists of abstracts generated by the literature search were
scrutinised independently by two experts. Studies deemed
by at least one of the experts to be relevant to the questions
to be addressed by the project were retrieved in full text and
scrutinised independently by two experts with reference to
the project’s inclusion criteria. Articles which were scruti-
nised in full text and did not meet the inclusion criteria were
excluded as follows: the main reason for exclusion was
recorded (see Appendix 5, www.sbu.se/255¢). Disagree-
ments were addressed initially by discussion between the
two experts who had read the article. In certain cases, the
entire project group was involved in the discussion and the
decision about inclusion or exclusion was resolved by
consensus.

Assessment of the quality of individual studies

Because of the specific field of research, the project group
modified SBU’s template to assess the quality of the
included studies and to determine the risk of bias
(circular reasoning: see the section ‘Circular reasoning
in clinical and research settings’ in Chapter 5). The
template includes i.a. the type of study (prospective,
diagnostic, biomechanical, etc.), the main focus of the
study and whether the study addressed subdural haema-
toma, retinal haemorrhages and/or encephalopathy. In
accordance with SBU’s guidelines, only studies of mod-
erate or high quality were considered in the results and
discussion (11).

Systematic reviews of the field were quality assessed
using the AMSTAR instrument (57). The results in the
present report were based on original studies and not on
other systematic reviews (see Chapter 5).

Traumatic shaking: The role of the triad

Method for synthesis of the results

Meta—analysis is a statistical method for quantitatively
appraising the results of several studies to obtain data from
a larger sample and to achieve a more reliable assessment of
the statistical uncertainty. To pool the results, the studies
must have been conducted using similar methods and it must
be possible to adjust the analyses for similar background
factors. As only one of the included studies used a reference
group, it was not possible to undertake a meta—analysis.

Assessment of the quality of the evidence

The quality of the evidence indicates the level of reliability
of the results and is based on the assessment of study quality
(risk of bias), inconsistency, imprecision, risk of publication
bias and indirectness.

As no meta—analysis was possible, the results were based
on a narrative synthesis of the included studies. Evaluation
of the evidence was not based on formal grading of the
evidence according to GRADE but on an evaluation of the
total scientific basis. The quality of the evidence was
deemed to be limited (low) when combined assessment of
studies of high or moderate quality disclosed factors which
markedly weaken the evidence. The quality of the evidence
was deemed to be insufficient (very low) when there was a
lack of studies, when the available studies were of low
quality or when studies of similar quality showed contra-
dictory results. It is important to note that limited evidence
for the reliability of a method or an effect does not imply
complete lack of scientific support.

RESULTS

The literature search yielded 3 773 abstracts, of which
1 065 were retrieved in full text. Of these, 1 035 were
excluded because they did not meet the inclusion criteria.
Of the 30 remaining studies, two were assessed to have
moderate quality and none of high quality. The main reason
that so few studies met the quality requirements was that
the published papers failed to provide information as to
whether traumatic shaking was confessed to by the perpe-
trator or had been witnessed. Thus, the results are based on
only two studies of confessed traumatic shaking and a
meta—analysis was therefore not possible. However, agree-
ment between the results of the included studies was
discussed in the project group (Fig. 1).

Quality of the evidence
The systematic review showed the following graded results:

e There is insufficient scientific evidence on which to
assess the diagnostic accuracy of the triad in identifying
traumatic shaking (very low-quality evidence).

e There is limited scientific evidence that the triad and
therefore, its components can be associated with trau-
matic shaking (low-quality evidence).

The two included studies of moderate quality, both
conducted in France, were based on cases in which the
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3773 abstract retrieved
from databases

2714 abstracts excluded

1065 articles scrutinised
in fulltext

6 articles
searched manually

1035 articles did not
meet the general
exclusion criteria

30 articles included

v v v

O articles of
high study quality

2 articles of
moderate study quality

28 articles of
low study quality

Figure 1 Flow chart of literature search.

perpetrator confessed to subjecting the child to traumatic
shaking. The study by Vinchon et al. was a prospective
study. It was based on a register of traumatic head injury in
children aged under two years, who were admitted to
hospital between May 2001 and February 2009, in a
catchment area with a population of about 4 million (59).
The material comprised 412 cases, of which 124 were
classified as Inflicted Head Injury (IHI) and 288 as
Accidental Trauma (AT).

In the group with inflicted injury (IHI group), there were
45 confessed cases: 30 by traumatic shaking and 15 in which
the perpetrator admitted to other external trauma. However,
the article does not include detailed descriptions as to how
the perpetrator inflicted the injuries, nor the circumstances
under which the confession was obtained. This group of
children was compared with 39 cases in which accidental
trauma was witnessed in a public place (AT group).

In the group with inflicted trauma, 37 of 45 (82%) had a
subdural haematoma, compared with 17 of 39 (44%) in the
accidental trauma group; 37 of 44 (84%) had retinal
haemorrhages, compared with six of 35 (17%) in the
accidental trauma group and 12 of 45 (27%) had cerebral
ischemia, compared with one of 39 (3 per cent) in the group
with accidental head trauma.

The study by Adamsbaum et al. was a retrospective
observational study, comprising 29 confessed cases of
traumatic shaking (in which direct trauma to the head
was described in five cases) and a comparative group of 83
unconfessed cases (60). The criteria for inclusion in the
study were subdural haematoma disclosed by a CT scan and
confession by the suspected perpetrator. As subdural
haematoma was one of the criteria for inclusion in the
traumatic shaking group, only the results for retinal haem-
orrhages could be used in this investigation.

In the group in which traumatic shaking was confessed to
(Group A), 24 children (83%) had retinal haemorrhages. In
all cases where the perpetrator had confessed, the shaking
was described as violent (100%) and in some cases (55%),
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the perpetrator admitted to repeated episodes of shaking.
No correlation was established between the density of the
subdural haematoma and the number of repeated episodes
of shaking. In 14 of 29 cases in Group A, there was a
detailed description of how the suspect had committed the
act. In the other group (Group B), there were children who
had been shaken in an attempt at revival or had suffered
accidental injury and some children for whom no explana-
tion of the condition was presented as follows: thus, this
group cannot be considered an acceptable reference group.

The studies by Vinchon et al. and Adamsbaum et al. both
demonstrate that traumatic shaking can cause subdural
haematoma and retinal haemorrhages. In the study by
Vinchon et al., the group in which traumatic shaking was
confessed to comprise a larger proportion of children with
subdural haematoma, retinal haemorrhages and cerebral
ischemia than the group of children who had been injured
in a witnessed accident. Adamsbaum et al. compared a
group of children in which the perpetrators had confessed
to traumatic shaking, with a group of children in which the
suspects had not confessed: this can result in inclusion bias
in one or both groups. As only one of these two studies had
a relevant reference group, it has not been possible to
conduct a meta—analysis.

There are also other published cases which have been
excluded (wrong population, wrong study design), but
contain detailed descriptions of confessions which are in
accordance with the two studies of moderate quality
(61,62). Because of the low number of studies of moderate
or high quality, it was not possible to determine the
diagnostic accuracy of the triad in identifying traumatic
shaking (Table 1).

DISCUSSION

Although relatively many studies met the criteria for
inclusion, the literature search identified only two studies
of moderate quality. This is disconcerting, because trau-
matic shaking is very serious and has dramatic conse-
quences for both the child and its family. The research field
is complex, but this does not excuse, for example, circular
reasoning and inadequate presentation of data collection. It
is important that reviews of the field include consideration
of the methodological flaws which characterise this field of
research.

The studies by Adamsbaum et al. and Vinchon et al. were
deemed to be of moderate quality. Although both studies
have methodological limitations, they support the hypoth-
esis that isolated traumatic shaking can give rise to the triad.

The prospective study by Vinchon et al. was based on
more than 400 cases: 124 were classified as inflicted and
288 as accidental injuries to the skull. Forty-five were cases
of confessed inflicted skull injury, of which 30 were cases of
confessed isolated traumatic shaking (IHI group).

Thirty-nine cases were witnessed accidents (AT group).
The advantage of this study is that all trauma cases
presenting at the hospital were registered prospectively for
many years. The study also has a clearly defined reference

8 ©2018 The Authors. Acta Peediatrica published by John Wiley & Sons Ltd on behalf of Foundation Acta Paediatrica, 2018, 107 (Suppl. 472), pp.3-23



The role of the triad

Traumatic shaking

Elinder et al.

paulelqo
SeM UOISS2JU0D DU}
SOOURISLLUNDID LPIYM Japun
sjieyop oN 'y dnoi8 ui sased
1 Jo uondudsap pajielop
e suiejuod podal ay|
pajen|end

aq Jouued 3upjeys

124e HAS Jo 2ouajensid du}
Aym ‘peuy a3 jo ped sem
HAS uouad uolsnpul Sy
dnoi8 |onu0

ajeudoidde ue jnoypm

¢8/0 :AususpodAy
Has (o) £8/8¢T
:AususpiadAy HAs
(%06) £8/SL ‘HY

:g dnoin

pedwi peay pspiwpe
J101e9d1ad By} ‘sesed
AU} JO Unoj Ul 'paIp Y
dnoin ur spueyul auIN
(9%59)

62/91 Aususp
paxiw HAs (%)
6¢/¢ :Aususpodhy
Has (%8¢%) 6z/11
AususpiadAy HAs
(9%€£8) 62/¥T HY

syluow ¢°G F 9
a8e ueaw 'spI8 Oz

pue shoq ¢9 ‘swoydwiAs s pjiyd auy
pue 92USj0IA UdaMmiaq diysuonefal
[BSNED B JO UOISS94U0D INOYNIM
sased 9a1yi-Ay8ig :g dnoin

Jeak

| uey} Jo3unoA a1om sased /g
‘SLpuoW 67 F Lt 98e ueaw
'spid /£ pue shoq gz “lojenadiad
oy} Aq paquosap sem paq e

Uo peay sjuejul U Jo eduwl euty
B ‘59582 9Al U] ‘PIY2 3y} Jo Suyeys
JUSJ0IA passauod Jojeadiad ayy
aIayMm sased aulu-Ajusm] 1y dnoin

A3ojoyed

SNOI3JUI 10 DIJ0ge}sWl puP BLUNEI} [BUSPIDY
:DLIBILID UOISNIOXT

UOISSDUOD INOYNM JO UM ‘UoIRIAUOD Jojenadiad
e pue (SUOIS3| UMS d1eLNEI} INOYNIM 1O A URIS
1D uo HAs Jo 2oussaid ayy) [HY Yum uaipjiyd
:DLIB)LID UOISNIU|

paynads 10N

:bumas

600¢

AR\ 0} ZOOZ Alenuer WO} ‘SDUSPINS DISUSI0)
paulwexs yum Apnis [BUOIBAISSGO DAIRdS0IY

SIsowAy22s
umpjs pue saunpel) ‘Hy ‘HAs Jo
UONe0| pue Alsus(Q :awodnQ

S9SED PasSajUOdUOU

UM | HY JO S9SED passajuod
ul sdulpuly |eoipaw a1edwod
0] pue s3uipuly [e2IpaLL

yum sased (| Hy) ewnesy pesy
QAISNQe PasSaUu0d JO AloisIy

0uely
(09) 0l0T

desepoly  udisap Apnis aandadsonal i ‘v dnoun :S9SDD JO Iaquunyp :ubisap Apms 3} S1B[9L0D O] :SNJ0y/SWiy  WNegswepy
S0S0 ‘AdN
1260 Add
1 L6°0 :Apynads ASAINS [ejp|eys Buluueds
£97°0 :Aunnisuag auoq 21dojos! Jo/pue Ael-x
:DIWAYDS! uIDIg Adoosopun Suluueds |
GG9°0 :AdN swoydwiAs [ea13ojoinau
paulelqo 196°0 :Add Suipnpul uoieUILLEXS [eIUID
SBM UOISS2JU0D U} ¥/6'0 Aynads 1SUOHDUILLDXS [DIIP3YY
SSOURISWUNDID LPIYM Japun 9GG°0 ANANSUDS uonduosap INOYHM 3SeD BUQ  ®
pue passajuod pey padsns HY 219135 ||Ie} Hoys e Aq painful sased || e
a4} Jeym INoge S|ielep ON 2,70 :AdN UOIPASAUSJSP JO SIS aNl ®
peduw jo udis jo G890 Add apIyaA e Aq 1y a8ewied e ul
20Uasge pue ‘28eyliowaey 2650 :Aoypads  semAgqeq ayy a1eym sased saiy) e ewinel d191sqo
[eUnRl ‘PUIOIRWSRY 2280 Aunsuas 128uassed 1ed :DLIBILID UOISNIOXT
[RINPQNS JO SISISUOD SIoyne ‘HOS B Sem Ageq oy} a1aym sased G| e (1Y) ewneln [pusppoe
ay Aq pasn peuy ayl an|pA ansoubpig (6'¢7—0 23uey) sypuow |'g passaupM Jo ‘(1H[) eunel} peay pajpijul elwRYs!
eLRID (%%) 23e ueaw ‘spi3 Passaju0d 0} aNp W00 ADUSZISWID SU) 0} dAIR ureiq pue Hy ‘(Aususp)
J)SouBeIp SU} JO SUOHIUYRP  6S/1 BlWBYRSI ulelg 9| pue skog ¢ ‘Ainful [eyuspioe paJaal syiuow {z Jo a3e au Japun ualpjiyd Has Suipnpur s3uipuy
SU} Ul SUONRHLLI| 3Ie a1y | (%L1) S$/9 HY passaUIM JO Sased 6¢ :dnoib i :DLIB)LID UOISNIU| [e2IpaW paIesI3ay (awwoo1n0
dnoJ8 |y (%) 65/L1 HAS S9SeD G| Ul Hun |eoidinsoinau sduiputy
oy} ul sased Aqeq usyeys :dnosb jy  3uneaq pue sased Og Ul Sunjeys Aq 10 J1un a1ed dAISUSIUI dujeIpaed Ul sisoudeiq 959U} Jo anjeA onsouelp
Sy} 40} S)NSS1 Sy) 1DPIXS (%L7) St pasned sem |H| “(¢'81—8'0 a3uer) :bumas Sy} 1591 0} pue (1Y) euwinen
0} 9|qissod jou sI )| S5 /T :elwBYdS! ulelg Lpuow g'¢ a8e ueaW ‘spid 9 600¢ Aienigeq 01 |00z Aepy woly suejul  [ejuspiooe pue (JH)) Ainfur peay
|HI 841 Jo Jou poyiawl (o%t8) v¥7/LS 'HY  pue shog 6z ‘Ainfur peay papijjul Ul saunful peay dnewnel) ||e UO UONeWLOjUl  papijjul Jo sainiea) [eo13o|oipel souel4
2y} Jo uondudsap pajielep e (%28) St/ :HAS PasSajU0d JO Sased G :dnoud |H| [P2IpaW 8UN3]|02 Apn)s HOYoD aAadsold pue [ea130jowjeyiydo ‘|earup (69) 010T
S]eJSPOJ\  UIRIUOD Jou S20p podal ay| :dnoib |H| 1S9SDD JO Iaquunp :ubisap Apms 2y} a1edwiod 0] :Sn20y/swiy UOLDUIA
Ayjenb SHUBWWOD SYNSSY  SUORBUIWEXS [RIIP3N SISED JO Jaquin BLIAJLD UOISNPX pue uoisnpu] Sumas usissp Apms 3W02INQ SN0J/stly Anuno)
Apms  /suoneiapisuod [e2130jopoyiR|\ NUIRRY

1e3) Joyiny
"salpnls papnpul Jo SHsLRPeIRY) | djqeL

©2018 The Authors. Acta Pzediatrica published by John Wiley & Sons Ltd on behalf of Foundation Acta Paediatrica, 2018, 107 (Suppl. 472), pp.3-23



Traumatic shaking: The role of the triad

Table 1 (Continued)

Author Year
Reference
Country

Study

Methodological considerations/

comments

quality

Results

Study design Setting Inclusion and exclusion criteria Number of cases Medical examinations

Aims/focus Outcome

(0%) SDH mixed
density: 55/83

(66%)

19 cases where the children

were shaken to revive it from a

life-threatening event
e 28 cases where a minor acci-

16 infants in group B

died

dent was described
e 36 cases where no mechanistic

No statistically

significant difference

between the two

description was given

Medical examinations:

regarding incidence of

Clinical examination CT scanning

Fundoscopy

RH, density of SDH, or
location of SDH

X-ray skeletal survey

MRI (only in confessed cases)

Negative predictive value;

Magnetic resonance imaging; NPV =

= Inflicted head injury; IHT = Inflicted head trauma; MRI =

Computed tomography; IHI

Retinal haemorrhage; SDH = Subdural haematoma.

Accidental trauma; CT =

Abusive head trauma; AT
PPV = Positive predictive value; RH

AHT =

Elinder et al.

group, of children who had accidentally sustained injuries
in the presence of a witness. However, this group of
children is significantly older. One of the limitations of the
study is the lack of detailed description of how and when
the shaking incident occurred. Vinchon et al. analysed the
components of the triad separately, but the authors also
introduced a different combination for the triad, namely
subdural haematoma, retinal haemorrhages and the ‘ab-
sence of scalp swelling’.

However, data on effects on the brain are registered in
the study, in the form of seizures, lethargy and coma, among
others. By definition, the group of children with isolated
traumatic shaking will comprise only those cases without
signs of external trauma, while the group with accidental
injury will include cases with signs of external trauma. At an
early stage of the investigation, the project group contacted
Dr. Vinchon to clarify certain ambiguities, but not all
queries were answered. The questions included i.a. how
retinal haemorrhages were defined, how the authors calcu-
lated sensitivity, specificity and the predictive value of the
triad, why they chose a different triad component (‘absence
of scalp swelling’ instead of encephalopathy) and under
what circumstances the suspected perpetrator had con-
fessed and what had been confessed.

The study by Adamsbaum et al. was a retrospective
observational study which included 29 cases in which a
suspect confessed to traumatic shaking. While detailed
confessions were presented for 14 cases, it cannot be
discounted that among the cases for which no detailed
confession was forthcoming, there could be some in which
shaking occurred after the child exhibited symptoms of
brain damage. The study group was compared with a
reference group comprising 83 unconfessed cases. How-
ever, this is not a ‘true’ reference group, as there may be
cases of traumatic shaking among the unconfessed cases. As
subdural haematoma is a criterion for inclusion of all cases
in the study, only the results for retinal haemorrhages can
be considered.

During the literature review, the project group identified
other conditions or events which can also give rise to the
three components of the triad. Some of these conditions or
events do not result in permanent disability or are very rare,
but it should be noted that the triad or its components can
be attributable to causes other than shaking. It is therefore
important to consider these possible differential diagnoses
in investigations of suspected traumatic shaking. Decisions
made by social services or the court system are based not
only on medical findings, but also on other evidence.

An analysis of biomechanical studies (Appendix 2) dis-
closed contradictory results and no conclusions can be
drawn as to the minimal forces capable of generating these
injuries in children.

Methodological issues

This review of the scientific evidence for diagnosis of
traumatic shaking in children under the age of 12 months
(mean or median age <12 months) disclosed a number of
methodological issues in the published studies.

©2018 The Authors. Acta Peediatrica published by John Wiley & Sons Ltd on behalf of Foundation Acta Paediatrica, 2018, 107 (Suppl. 472), pp.3-23



Elinder et al.

Definition of traumatic shaking

The project was limited to studies in which traumatic
shaking was considered to be the primary cause of the
child’s injuries, but several studies have adopted a wider
definition, for example inflicted head injury. Thus, it has not
always been possible to distinguish between an injury
attributable to traumatic shaking and an injury attributable
to direct trauma to the head.

Classification of subjects into groups

Another methodological problem was that traumatic
shaking was not always witnessed or confessed to by
the suspected perpetrator; hence, correct classification of
cases into a traumatic shaking group or a reference group
was uncertain. Thus, there is a risk of incorrect evaluation
of the association between the triad and traumatic
shaking. Although there is a risk of false confessions,
apart from film documentation, this is the only means of
gaining an insight into what has actually happened to the
infant. Because of the risk of false confessions, all
confessions in these studies must be considered with
caution.

Thus, there are some risks associated with the decision of
the project group to include only cases in which someone
has confessed. The confession could be false because it was
made as part of a plea bargain. It could also be false because
the suspect has felt impelled to confess (63-65).

Circular reasoning in clinical and research settings

Under the Social Services Act, the Board of Social Welfare
must be notified not only of all cases of (suspected) child
abuse, but also of other cases in which a child may be
deemed to be vulnerable to harm and in need of protection.
Those required to notify suspected child abuse are person-
nel within the health and medical services, dental, pre-
school, school, social and criminal services (Chapter 14,
Section 1 of the Social Services Act).

In many cases, it is a child protection team which
investigates cases of suspected traumatic shaking. Over the
years, these teams have developed criteria based on certain
symptoms and signs which can be associated with isolated
traumatic shaking, after exclusion of other possible causes
of the child’s condition (66,67). Some of these criteria are
associated with the carer’s credibility. The carer is not
considered trustworthy if he/she cannot provide an ‘ac-
ceptable’ explanation for the child’s condition, for example
that the child had fallen from a low height and had not
sustained any external injury. A change in statement — for
example, the carer first denies shaking the child and later
admits to doing so, but only after the child had stopped
breathing or lost consciousness — also reduces the carer’s
credibility. If the child was shaken because it suddenly
showed signs of being unwell (such as dyspnoea or apnoea),
it is, however, reasonable to assume that the child’s
condition was already caused for concern before it was
shaken and thus, the symptoms were not attributable to the
shaking. If, however, such an explanation of events is not

Traumatic shaking: The role of the triad

deemed ‘acceptable’, the case is still classified as a case of
traumatic shaking.

The child protection team’s criteria are based primarily
on a clinical approach (66,67). Problems arise later, when
and if these criteria are not tested unconditionally by
researchers in systematic studies of the association between
the triad and traumatic shaking. This means that the
interpretation made by the child protection team charac-
terises the scientific investigation and hypothesis testing
and this, in turn, means that the conventional approach is
reinforced instead of being tested. However, if before the
study, it has already been assumed that the question to be
addressed by the study has been answered, that is the
association between the symptoms and signs of the triad
and traumatic shaking has already been described (accord-
ing to the child protection team’s criteria), then circular
reasoning occurs. Applied in this context, the reasoning
results in a high risk of bias, which in turn results in a
situation wherein the researcher does not know what is
being compared (the traumatic shaking group may include
children who have not been shaken and the reference group
may include children who have been shaken). Sensitivity,
specificity and predictive values calculated on comparison
of such groups will result in incorrect conclusions. It will
also result in incorrect calculations of incidence.

To avoid such circular reasoning, study cases and control
cases must be identified introcontrovertibly. The project
group has chosen to accept as study cases only those in
which there was a witness to (or video documentation of)
an incident of shaking or where someone has made a
detailed confession of shaking the child.

Diagnostic methods

There is uncertainty in determining the time at which a
subdural haematoma arose. Moreover, this uncertainty is
greater in children under 12 months of age, because the
characteristics of subdural haemorrhage at this age differ
somewhat from those in adults. A subdural haematoma in a
small child or infant usually consists of an upper layer of
fluid and a sediment of coagulated blood: if the subdural
haematoma is subacute, this layer can exhibit various
degrees of attenuation (47). The application of CT and
MRI scans has recently reduced this uncertainty somewhat
(46), but caution must still be exercised in assessing the age
of a haematoma because of the existence of different and
partly overlapping patterns (48).

In both controlled experimental and observational stud-
ies, systematic errors can occur because various observers
do not always make the same observations and/ or interpret
the observations differently. Agreement among different
investigators in a study can vary according to how well
trained the observers are. This applies not only in general to
observations and assessments, but of course also to exam-
inations and assessments of the symptoms and signs in
cases of suspected traumatic shaking.

In one study, for example, there were major variations
among the observers’ interpretation of retinal haemor-
rhages, that is interobserver agreement was low (51).

©2018 The Authors. Acta Pzediatrica published by John Wiley & Sons Ltd on behalf of Foundation Acta Paediatrica, 2018, 107 (Suppl. 472), pp.3-23 1
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Comparison with results of other reviews

The project group identified seven systematic literature
reviews addressing the same or partly the same questions as
the present report (68-74). These reviews are not included
in the results section of the present paper, but the project
group scrutinised and assessed them because they are
frequently cited in the scientific literature. All the systematic
reviews were assessed by the project group to be of low
quality (high risk of bias). Many of them were based on
studies in which a team considered that a child had been
shaken if it presented with the triad (circular reasoning, see
section ‘Circular reasoning in clinical and research set-
tings’). Another weakness in these reviews was that trau-
matic shaking was not specified and the more general term
AHT was used instead, without a detailed description of
what this term included.

ISSUES FOR FUTURE RESEARCH

It is not possible to conduct randomised experiments in
which children of various ages are subjected to various
degrees of shaking. Biomechanical studies using dummies
or models equipped with various inbuilt measuring instru-
ments have been used to investigate the impact of mechan-
ical forces on a child, but the results are contradictory.
Furthermore, for various reasons, it is difficult to extrapo-
late the results of animal experiments to infants.

The project group was therefore limited to observational
studies in which exposure (in this case shaking) was
assumed to have occurred. The most reliable are prospec-
tive cohort studies and ideally those subjects included in a
traumatic shaking cohort should comprise cases in which
the perpetrator has confessed in a detailed confession,
including documentation of the circumstances under which
the confession was obtained.

In many of the scrutinised studies, the children in the
reference group were significantly older than those in the
traumatic shaking group. The brain, skeleton and neck
muscles in a 2—month-old baby are different from those
of an 8 month old. Hence, at the age of 0-2 months, an
infant can be assumed to be more vulnerable to injury
from shaking than an older baby. Comparison of two
groups of children (traumatic shaking and accidental
injury groups) which are not age—matched can lead to
selection bias and incorrect conclusions. Studies with
matched age groups would allow calculation of sensitivity
and specificity and predictive values. In this context, an
opinion on the probability that the triad was attributable
to traumatic shaking could be expressed with greater
certainty.

There is a lack of detailed knowledge about the patho-
physiology of the development of subdural and retinal
haemorrhages associated with vaginal delivery.

Although most bleedings related to delivery are symp-
tomless and disappear (are resorbed) within a few months,
occasionally a haemorrhage can degenerate into a
hygroma (19,30,36). This circumscribed collection of fluid
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is contained by a membrane in which small vessels form
and it is considered that this in turn can lead to renewed
bleeding (rebleeding) and a chronic subdural pool of fluid.
The possibility cannot be discounted that in certain cases,
rebleeding can cause symptoms (19,36). This could be one
reason why a child suddenly exhibits signs of encephalopa-
thy (lethargy, apnoea and/or seizures), causing the carer to
seek medical attention. Hypothetically such rebleeding
could occur spontaneously or in response to minor
trauma. There is therefore an urgent need for research
into the pathophysiology and the natural course of
subdural and retinal haemorrhages. Our understanding of
the sequelae to traumatic shaking could also be improved
by the development of better biomechanical models, for
example models which take into account the impact of
traumatic shaking on both the brain and the cervical
vertebrae.

What measures are required to address the scientific
uncertainties?

The reasons for scientific uncertainty in this field vary and
should therefore be managed in different ways; from
coordination of the entire field of research with respect to
the direction future research should take, to conducting
studies using correct methodologies and detailed descrip-
tions of how the studies have been conducted.

International coordination

To improve diagnosis within the field, broad coordination
at international level is required to ensure a study popu-
lation of adequate size. Researchers in the field should
strive to agree on which research questions are most urgent
and collaborate to facilitate larger studies and to use
similar study designs, allowing the results to be compared
more readily. It should also be possible to establish an
international register of confessed and well-documented
cases.

Priority research topics

Of particular importance are studies intended to improve
the diagnostic accuracy of diagnostic imaging of the brain,
the cervical spine and the eyes (75). There is also a need for
better methods of studying the natural course of the
observed injuries. Differential diagnosis such as bleeding
in neonates associated with delivery also needs to be
studied to identify the natural course of events
(22,36,76,77). Further research is also required to improve
understanding of the pathophysiology underlying the triad.
Refined biomechanical models would also contribute to
improved understanding of traumatic shaking.

As far as possible, of course, studies should meet all the
predetermined quality criteria. It is also important that the
researchers are blinded with respect to the suspected
mechanism of origin of the injuries and that the results
are presented in such a way as to allow diagnostic accuracy
to be calculated. This latter requirement thus means that

12 ©2018 The Authors. Acta Peediatrica published by John Wiley & Sons Ltd on behalf of Foundation Acta Paediatrica, 2018, 107 (Suppl. 472), pp.3-23
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each individual finding must be assessed in both the study

group and the reference group.

One of the reasons that it was difficult to find evidence in
this field is that in many studies the method and the results
were inadequately described. With respect to future studies,
the project group presents the following recommendations
of requirements to be met, in order that the quality of the
studies can be assessed and that meta—analyses can be
conducted as follows:

The studies should:

e Comprise prospective observational studies of confessed
and well-documented cases with reliable methodology,
in which the risk of false confessions was minimised;

e Be age—matched (study group and reference group);
Contain detailed presentations of how the study material
was collected, including documentation of the examina-
tion technique and detailed presentations of any com-
plementary investigations undertaken to exclude
differential diagnoses;

e Demonstrate that the observers of the symptoms and
signs were blinded to (i.e. were unaware of) the suspected
or alleged cause of the findings and describe how the
blinding was achieved;

e Present raw data, sensitivity/specificity and confidence
intervals;

e Be based on a material of adequate size and apply a
uniform method of examination throughout;

e Present a detailed account of the confession, what was
confessed to and the circumstances under which the
confession was made.
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In conjunction with the release of the report, represen-
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for information about the results: the Ombudsman for
Children in Sweden, the Swedish Health and Social Care
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the Swedish Police Authority, the Swedish National
Board of Forensic Medicine and the Swedish Prosecution
Authority.
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APPENDIX 1

OTHER POSSIBLE CAUSES OF THE COMPONENTS OF THE TRIAD

In determining the clinical diagnosis, differential diagnoses
are considered. In cases where a child presents with
symptoms and signs suggesting brain damage, further
investigation is required. This report has therefore taken
note of differential diagnoses, disclosed in the database
searches, which offer alternative explanations for the
various symptoms and signs of the triad, either separately
or as the complete triad. These articles are usually in the
form of case reports of isolated patients without a reference
group and have therefore not been included in the quality
assessment. However, the project group considered that it
would still be of interest to present these potential alterna-
tive explanations for the triad.

Table A1 Other possible causes (differential diagnosis) of the triad and its

components.

Disease/condition

Reported findings
from the triad

Reference number
(number of cases,
or cases/study
population

size) Reported
finding from the
triad

Diseases or conditions causing haemorrhagic symptoms

von Willebrand’s disease SDH, RH (78) (1)
Delta storage pool disease SDH, BE, RH @9 (1)
Hyperfibrinogenemia RH (including (80) (1)
vitreous
haemorrhage)
Haemophilia A SDH/RH (81) (2)RH
(82) (1)SDH
Factor X deficiency SDH 83) (2)
Idiopathic thrombocytopenic  ICH (84) (1)
purpura
Kasabach-Merrit syndrome RH (85) (1)
thrombocytopenia
Hepatitis RH, BE, SDH (86) (1)
Albers-Schénberg disease SDH 87) (1)

Vitamin K deficiency

SDH (ICH)/BE/RH

(88) (3) SDH
(89) (17) SDH
(90) (1) SDH
(91) (16) SDH
(92) (1) SDH, BE,
RH

(93) (1) SDH, BE
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Table A1 (Continued)

Reported findings

Reference number
(number of cases,
or cases/study
population

size) Reported
finding from the

Table A1 (Continued)

Reported findings

Traumatic shaking: The role of the triad

Reference number
(number of cases,
or cases/study
population

size) Reported
finding from the

Disease/condition from the triad triad Disease/condition from the triad triad
Menkes disease (Copper SDH 94) (1) (116) (20/20)
deficiency) SDH
Unspecified RH, SDH 95) (1) (11/20) RH
96) (3) Other
Infections Hypoxia and resuscitation RH (117) (1/33)
Infection RH ©97) (4) (118) (1)
Infection with or without SDH (intradural (21) (10/30) Hypoxia SDH/intradural (21) (20/30)
hypoxia bleeding) bleeding
Vascular malformations Choking and resuscitation SDH (SAH), RH (119) (1)
Aneurysm, Arterio-venous SDH (SAH)/BE/RH  (98) (1) SDH Resuscitation in patients with  RH (118) (2)
malformation (99) (1) SDH, BE retinopathy of prematurity (117) (1/33)
(100) (1) SDH, Hypernatremia and ICH, BE (120) (1)
BE dehydration
(1071) (1) SDH, Leukemia RH 95) (3)
RH Vaccine-induced vitamin C SDH, BE 121) (2)
Prenatal and birth-related injuries deficiency

Prematurity
Delivery injury

Normal delivery (or prenatal)

Prenatal trauma
Congenital SDH
Congenital heart disease
Large head size
Enlarged SA space/
External hydrocephalus/
Benign enlargement of the
subarachnoid spaces

External hydrocephalus

Metabolic diseases
Glutamic aciduria

Immunological diseases
Hemo-phagocytic

lymphohistiocytosis
Transplacental acquisition of
anti-Ro antibodies

Skeletal diseases
Osteogenesis imperfecta
Brittle bone disease

RH
SDH (ICH)/RH

SDH/RH

RH
SDH
SDH

SDH

RH, SDH

SDH/RH

SDH, SAH (ICH), BE,

RH
SDH

SDH, RH
SDH/RH

(102) (11)
(18) (2) SDH
(103) (3) ICH
(96) (3) SDH
(56) (53) RH
(104) (10) RH
(77) (17/97)
SDH

(39) (94/252)
RH

(76) (32/63)
SDH

(105) (2)
(106) (1)
(22) (66/152)

(31) (6/108)
(32) (4/177)
107) (7)
(33) (3
(96) (6)
(108) (1)
(109) (6)

(110) (1) SDH
(111) (1) SDH

(112) (1) SDH,
RH

(113) (1)
(114) (2)

(115) (3)

BE = Brain oedema; ICH = Intracranial haemorrhage; RH = Retinal haem-
orrhage; SAH = Subarachnoid haemorrhage; SDH = Subdural haematoma.

APPENDIX 2

BIOMECHANICAL STUDIES

To study the biomechanisms underlying injuries due to
traumatic shaking and related questions, various physical
and virtual models have been created to simulate shaking of
an infant, with the aim of analysing certain effects of shaking.
Thirty scientific articles on biomechanics which were iden-
tified in the literature search were studied more closely.
Several review articles present a good understanding of the
field and also understanding of general traumatic brain
injuries independent of age. Most of the articles present
experiments using models and simulations of biomechanical
forces and many also present preliminary data, but few of the
experiments have been repeated. The results presented in the
articles are very diverse, from case reports to construction of
various models intended to explain the mechanisms
involved in traumatic shaking. A few articles comprise
comments about another article. One such example pointed
out that the authors of a previous article had made a 10-fold
error in calculations as to whether or not an injury could
occur (122). Some studies present clearly contradictory
results. One example of this is presented below.

Duhaime et al. present a biomechanical model for trau-
matic shaking (5). The work is regarded as a reference
article and has served as the basis of many other experi-
ments and the method has been further developed. The
article concludes that it is not possible to achieve damaging
effects by shaking.
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Cory and Jones’ article (123) is based on a biomechanical
model modified from Duhaime’s (5). This article shows that
Duhaime’s model is flawed and the results show that the
forces generated by shaking of a child can in many cases
exceed the minimum forces needed to cause injury.

Thus, the scientific basis of these studies is divergent and
no definite conclusions can be drawn with respect to the
minimum forces required to result in injury.

APPENDIX 3

ETHICAL ANALYSIS OF TRAUMATIC SHAKING'

The Swedish National Council on Medical Ethics has
conducted an ethical analysis of ‘traumatic shaking’ in
connection with the Swedish Agency for Health Technol-
ogy Assessment and Assessment of Social Services’ report
on the subject.

The Council has not undertaken any scientific assessment
of the basic material. As such, the analysis is based on the
Agency’s results as presented in the report, which can be
summarised as follows:

e ‘There is insufficient scientific evidence on which to
assess the diagnostic accuracy of the triad in identifying
traumatic shaking (very low-quality evidence)’.

e ‘There is limited scientific evidence that the triad and
therefore its components can be associated with trau-
matic shaking (low-quality evidence)’.

e ‘The triad or its components can be attributable to causes
other than shaking’.

Outline

The analysis begins with an analysis of the term traumatic
shaking. The rest of the ethical analysis is structured
according to two dimensions. The first identifies the parties
with an interest in the issue, and the second identifies the
ethical values that come into play in connection with a
possible shaken baby situation. Finally, the various crucial
values are weighed up and the value conflicts that can arise
in this process are considered.

Conceptual problems

The term ‘traumatic shaking’ has been used in cases when
the triad of subdural bleeding, retinal bleeding and various
forms of brain injury are found in an infant. The Swedish
Agency for Health Technology Assessment and Assessment
of Social Services’ review of the scientific literature found
limited scientific evidence that the triad and therefore its
components may occur due to traumatic shaking, but it was

!This is an unofficial translation of an ethical analysis performed by The
Swedish National Council on Medical Ethics (Smer). In the translation
process, some linguistic nuances may have been lost. To comply with
the SBU terminology, Smer is using the term ‘traumatic shaking’ in this
translation.

Elinder et al.

also found that the triad or its constituent parts may also be
due to causes other than shaking.

According to the Swedish Agency for Health Technol-
ogy Assessment and Assessment of Social Services’ report,
there is insufficient scientific evidence ‘to assess the
diagnostic accuracy of the triad in identifying traumatic
shaking’.

The doctor dealing with the family of the child with the
triad may also have sources of information available other
than those offered by medical imaging, neurological exam-
inations and retinal examinations. There may be other
injuries to the body that support the suspicion of abuse, or
observations made in discussions with the custodial par-
ents. It is an ethical requirement that all of this is considered
in the doctor’s assessment before any concerns are reported
to the social welfare committee.

The doctor has a duty to precisely describe everything
that has emerged in the examination, both injuries that have
emerged and the information that the custodial parents
provide concerning the course of events and any other
circumstances. It is also essential that all injuries are
documented meticulously, both for medical professionals’
use and in case of future legal proceedings.

Every decision made by medical professionals, whether
diagnostic or therapeutic in nature, is based on both fact
and values. In this context, ‘fact’ refers to a description of all
relevant findings made through physical, radiological, lab-
oratory—based and other medical examinations of the child.
However, it should be borne in mind that ‘fact’ may also
include judgements, for example assessments of medical
imaging findings. The next stage in the doctor’s work is to
evaluate the medical findings and the substance of the
custodial parents’ account of events. This is a different kind
of task to the factual description. Here, the doctor has an
important ethical responsibility to ensure that assessments
are based only on science and tried and tested experience.

Parties

The starting point for the analysis is a scenario in which an
infant, accompanied by one or two custodial parents,
arrives at a healthcare facility with injuries that give rise
to a clinical suspicion that abuse may be a cause of the
child’s injuries. If the child’s injuries include the triad of
symptoms and findings, the question of an eventual trau-
matic shaking arises. Already at this stage, there are several
parties with a legitimate interest in how the situation is
handled. These are the child, its custodial parents and
various healthcare professionals. Where applicable, the
child’s siblings may also be affected by the process. At a
later stage, the situation may also involve social services
staff and political officials (e.g. in the social welfare
committee), as well as police, prosecutors and the judicial
authorities at various levels.

Values

The child has a unique status in this situation due to various
considerations based on ethical values. In this context we
are talking about very young children. This means that the
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child itself is entirely incapable of explaining what has
happened, and therefore cannot, for obvious reasons,
safeguard its own interests. The injuries in question in sit-
uations in which traumatic shaking is suspected may be
serious in nature, both in acute terms and also in the longer
term. The injuries may be life-threatening, or entail a risk of
permanent consequences in terms of the child’s develop-
ment, health and future quality of life.

For these reasons, an ethical analysis of traumatic
shaking should be primarily based on a child perspective.
The key ethical question is how the child’s interests can best
be safeguarded, as it can never be acceptable that a young
child is subjected to abuse.

It is an ethical duty that the young, unprotected child’s
interests are safeguarded by somebody else. It would
normally be the duty of the child’s custodial parents to
safeguard its interests. In a situation in which traumatic
shaking is suspected, however, it is often one (or both) of
the custodial parents who may have caused the injuries.
This means that they may not have discharged their
parental responsibilities.

In the scenario outlined here, the immediate responsibil-
ity for safeguarding the child’s crucial values falls to the
medical professionals dealing with the family at the hospi-
tal. In such situations, staff must act based on their
professional ethics and applicable legislation.

The first step may be taking vital, acute medical measures
required by the child’s state of health. All necessary medical
measures must be taken to remedy and alleviate the child’s
acute injuries and prevent future after—effects. Naturally,
this is the top priority in handling the case.

If the suspicion arises that the injuries may have occurred
due to violence, it is the doctor’s duty to investigate this
suspicion on the basis of science and tried and tested
experience. It is also the doctor’s duty under Chapter 14,
Section 1 of the Social Services Act (2001:453) to report to
the social welfare committee any suspicions of risk of harm
to the child.

Society has an explicit responsibility to protect children
in a number of respects. This is clear from various laws,
including the Social Services Act and the Care of Young
Persons Act (1990:52). The former provides opportunities
for society to intervene in consultation with the custodial
parents, while the latter provides opportunities for society
to take measures to protect the child without the
custodial parents’ consent. As a last resort, the social
welfare committee can take the child into care outside
the home.

The Convention on the Rights of the Child, which is
currently being incorporated into Swedish law, outlines a
number of fundamental rights enjoyed by all children,
including the right to protection of their life and health,
the right to grow up in good conditions and the right to
good care. The Convention was drawn up based on a
rights perspective, but it also rests on central ethical
principles of adult society’s responsibility for children’s life
situation, to protect what are crucial values for all
children.

Traumatic shaking: The role of the triad

When a doctor asks a child’s custodial parents whether
the child’s injuries may have been caused by some external
event of which they are aware, it is uncommon for them to
admit it immediately (124). In this situation, it is important
that the doctor does not take on the judicial system’s role of
determining whether an offence has taken place or accusing
a particular individual. The custodial parent(s) has/have a
legitimate interest in ensuring that certain values that are
crucial to them are considered in the situation. These
include the right to good care, which the custodial parents
are generally anxious to ensure regardless of the cause or
any intent (125). Moreover, it is an important value for
them that they are listened to adequately and that the
hospital’s handling of the situation has an impartial and
unbiased starting point with respect to all conceivable
causes of the injuries observed.

For medical staff, it is a crucial value to be met with
respect for their professional duties from both a medical
and an ethical perspective. It is usually the doctor who is
responsible for assessing the likelihood that the injuries
observed in the child may have been caused by an adult,
usually one of the custodial parents, and thus could be a
sign of traumatic shaking. For the doctor, it is of consid-
erable value to be allowed space to consider the decision of
whether or not to report any concerns. A decision to report
is associated with considerable consequences for both the
child and the custodial parents, and must therefore be
well-founded and well-considered. Such a decision
should always be taken in consultation with at least one
other doctor.

The doctor also has an interest in having sufficient
training and expertise in the area of child abuse to be able to
handle these ethically and psychologically very difficult
situations in a professional manner.

Social services have a radically different division of
responsibility compared to medical professionals. The
decision-making mandate for measures without custodial
parents’ consent rests with the political officials in the social
welfare committee represented in urgent situations by their
delegated chair. The basis for the decision is, however,
produced by social services staff. They have professional
ethical rules for their work that must be taken into account
in situations of this nature. For social services staff, it is a
crucial value to safeguard the child’s interests and protect
the child from threats to its life, health and development. It
is a crucial value for social services that the information that
they receive from medical professionals is medically correct,
well—founded and formulated in such a way that conclu-
sions about the cause of injuries observed are not reported
without a solid basis.

If the case — immediately or at a later stage — is
subsequently transferred to police, prosecutors and courts,
those authorities will have a similar interest with respect to
information from medical professionals. If and when a case
comes to court, it is important for the court to have access
to scientific expertise to express an opinion in accordance
with the professional ethical principles and applicable legal
rules concerning certificates and opinions.
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Value conflicts

There are several significant value conflicts with respect to
traumatic shaking. One of the most important concerns
whose interests should take precedence — the child’s or the
custodial parents’. From a child perspective, there cannot
be any doubt that the child’s interests have the highest
priority in several respects. Firstly, the child needs to have
its injuries examined and treated professionally and com-
petently in a medical setting. If it is suspected that the
injuries may have been caused by abuse, there is an
additional obvious need for protection of the child’s life
and health.

On the other hand, the custodial parent(s) suspected of
shaking a child has/ have a legitimate interest in not being
condemned when innocent. Here, we see a potential value
conflict that can be described as an ethical dilemma in the
sense that there is no entirely problem—free solution.

This dilemma can also be expressed in terms of the risks of
underdiagnosis and overdiagnosis. Underdiagnosis refers to
children who really have been subjected to shaking not being
identified and thus not receiving society’s protection against
further abuse or growing up in conditions that are otherwise
inadequate. Such underdiagnosis may occur due to a lack of
competence or vigilance among medical professionals, or a
lack of willingness or ability to investigate suspicions of
traumatic shaking in a professional manner.

Overdiagnosis may occur if doctors who encounter
children presenting the diagnostic triad immediately assess
this as evidence that shaking and shaking alone is the cause
of the injuries observed. This is thus a matter of confusing a
hypothesis of a possible cause for a child’s injuries with a
claim of certain knowledge that there is such an unam-
biguous and certain link between cause and effect.

This process thus creates a risk that the continued
treatment in such a case will mainly be characterised by a
‘validation strategy’ (126). This means that further measures
are taken purely to confirm the hypothesis, and that
insufficient account is taken of information that could
disprove the hypothesis.

Both under— and overdiagnosis are extremely problem-
atic from an ethical point of view. Overdiagnosis protects
many children, both those in whom traumatic shaking is
established as cause and a number of others. Nonetheless, it
leads to families being split up, some of them on false
premises. Separating children from their custodial parents is
a serious intervention that should only be implemented
when a child runs a clear risk of abuse at home. The fact
that other children in the family may be taken into care may
further exacerbate the situation.

The value conflict outlined above between the interests of
the child and the custodial parent(s) needs to be related to
the legal principle that no innocent person should be
convicted of a crime. Overdiagnosis of traumatic shaking
results in a number of children being protected, some of
whom really are victims of such shaking, but this is at the
expense of a number of custodial parents being deprived of
their liberty without having committed an offence.
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However, underdiagnosis of traumatic shaking leads to
children who are being mistreated remaining in a harmful
home environment, at risk of future acts of violence.

The medical controversy that has surrounded traumatic
shaking in Sweden and around the world is largely about
whether there is established scientific support for the claim
that the symptomatic triad of subdural bleeding, retinal
bleeding and brain injury is caused by shaking and shaking
alone. The Swedish Agency for Health Technology Assess-
ment and Assessment of Social Services’ report shows that
there is scientific evidence — albeit limited — for the idea that
the triad may be caused by shaking, but that there are other
illnesses and events that can cause the triad or its constituent
parts.

This raises the question of when doctors can and should
express an opinion when it comes to traumatic shaking.
Ethically, it is particularly important that doctors and other
medical professionals are observant with respect to injuries
in young children that could conceivably have been
inflicted by human hands, even if the custodial parents
deny anything of the sort. The clinical examination and
treatment of injuries must be entirely robust. The question is
whether a doctor can express an opinion about the cause of
the observed injuries with scientific certainty at a later stage.
The doctor has, as previously outlined, a range of different
information to take into account when assessing the
possible causes of the injuries. To state on the basis of the
mere existence of the triad that it was definitely caused by
shaking must, however, be considered incompatible with
both doctors’ professional ethics and the regulations con-
cerning legal certificates (127).

This observation does not mean that there cannot be
grounds to report concerns in spite of this uncertainty, as
the child’s need for protection is a broader issue than the
question of the cause of the injuries.

Conclusions

The Swedish National Council on Medical Ethics has based
this ethical analysis on the observation in the Swedish
Agency for Health Technology Assessment and Assessment
of Social Services’ report that scientific evidence concern-
ing traumatic shaking is limited. There is limited scientific
evidence that the ‘triad’ of symptoms or its constituent parts
may occur due to shaking, but the report states that there
are differential diagnoses that can also cause the three
symptoms/findings in the triad.

Given this observation, the term ‘shaken baby syndrome’
itself is ethically problematic, as it encompasses an
aetiological observation. The Council considers that it is
ethically problematic for medical professionals to establish
with certainty that certain specific injuries in infants are
automatically evidence that they were caused by shaking.
Such overdiagnosis of traumatic shaking should not occur
when the state of scientific knowledge is so limited (128).

The Council also considers that underdiagnosis is ethi-
cally problematic, in the sense that it means that children
who really have been subjected to shaking are not identified

22 ©2018 The Authors. Acta Peediatrica published by John Wiley & Sons Ltd on behalf of Foundation Acta Paediatrica, 2018, 107 (Suppl. 472), pp.3-23



Elinder et al.

and examined by medical professionals. This risk can,
however, be limited through improved professional training
on child abuse in general and traumatic shaking in partic-
ular, within both healthcare services and social services.

The Council would like to emphasise the importance of
medical professionals observing their duty to report to the
social welfare committee cases in which it is suspected that
children have been mistreated in any way. This is particu-
larly applicable in cases where any kind of child abuse is
suspected. Medical professionals must be able to combine
high vigilance of suspected traumatic shaking with caution
with respect to expressing an opinion on the cause of the
injuries observed, as the state of scientific knowledge
does not permit any clear conclusions in this area.

This ethical analysis was produced by Ingemar Engstrom,
Swedish National Council on Medical Ethics expert, in
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consultation with Kjell Asplund and Chatrine Palsson
Ahlgren.

This text was adopted at the Swedish National Council on
Medical Ethics ordinary meeting on 26 August 2016. The text
was adopted by members Kjell Asplund (Chair), Finn Bengts-
son, Sven-Olov Edvinsson, Chatrine Palsson Ahlgren, Asa
Gyberg-Karlsson, Barbro Westerholm and Anders Akesson.

Experts Lars Berge-Kleber, Ingemar Engstrom, Goran
Hermerén, Ann Johansson, Olle Olsson, Bengt Ronngren,
Nils-Eric Sahlin, Anna Singer and Elisabet Wennlund were
also involved in preparing the case.

On behalf of the Council,

Kjell Asplund

Chair, Swedish National Council on Medical Ethics
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