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Summary of the results

The systematic review showed the following graded results:

• There is limited scientific evidence that the triad1 and therefore its com-
ponents can be associated with traumatic shaking (low quality evidence).

• 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.

1 Three components of a whole. The triad associated with SBS usually comprises subdural 
hematoma, retinal hemorrhages and encephalopathy.
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1 Aim

In cases of suspected traumatic shaking, the diagnosis has conventionally been 
based on three findings, referred to collectively as the triad, namely: subdural 
hematoma (bleeding between the dura mater and the brain), retinal hemorr-
hages, and various forms of brain symptoms (encephalopathy). The presenting 
history is often that of lethargy, seizures and apnea. The purpose of this evalu-
ation was to determine how reliably the triad or its components can be ex -
plained by traumatic shaking of children up to one year of age.
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2 Background

Child abuse was described in the medical literature as early as in the 1800’s 
[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 
there is a risk of underdiagnosis, in part because the child is unable to speak for 
itself. At the same time, overdiagnosis can have serious consequences, because 
families can be split apart on false grounds. Adherence to the healthcare prin-
ciple 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, hypo-
thesized that such shaking can result in a subdural hematoma, 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 hemorr-
hages. The association between traumatic shaking, subdural hematoma and 
retinal hemorrhages was described by Caffey in 1972 and referred to as Whip-
lash 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 biomechani-
cal study which concluded that isolated shaking, in the absence of direct vio-
lence, is probably not of sufficient force to cause the injuries described above. 
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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 clini-
cal 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 associ-
ation with traumatic shaking. The collective name “triad” has been adopted for 
the most frequently occurring injuries (subdural hematoma, retinal hemorrhage 
and encephalopathy). The main focus of this report is the triad (see section  
Terminology). Other signs are occasionally reported in association with trau-
matic 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 hematoma, or various symptoms of 
brain dysfunction. Subdural hematoma, retinal hemorrhages 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 are 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: 

“If there is no history of a traffic accident or a fall from a considerable height, 
the combinaton of subdural hematoma and encephalopathy with edema or 
hemorrhage strongly suggests that the child has been abused. If there are also 
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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 inter-
national and national journals and in the media. In this context, it is important 
to ascertain whether the conclusion that traumatic shaking is the cause of these 
signs and symptoms is based on evidence of the highest possible scientific qua-
lity. However, grading of scientific supporting evidence is based on the assess-
ment 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, i.e. shaking without the head impacting on any object. 

In 2009 the American Academy of Pediatrics recommended 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 och 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”). 
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Investigation of injuries which may 
be attributable to traumatic shaking 
Diagnosis of suspected brain injury is based on computerised tomography 
(CT) and/or magnetic resonance imaging (MRI). The presence of retinal 
hemorrhages is determined by examination of the fundus by ophthalmoscopy 
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 hematoma, retinal hemorrhages and encephalopathy have been 
described after delivery and in association with such conditions as various 
convulsive states, certain hemorrhagic diseases, infectious diseases, metabolic 
disorders, immunological diseases, skeletal diseases and vascular malformations 
(see Appendix 1 for details).

The triad – Signs and symptoms
Subdural hematoma
It is well-known that trauma to the head can give rise to subdural hematoma. 
In an adult, the underlying mechanism 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. 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 there-
fore findings which exclude isolated traumatic shaking. 
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Imaging techniques have shown that subdural hematoma can occur in associa-
tion with vaginal delivery, but is usually resorbed within a few weeks [22].  
In the space created by the hematoma, effusion (leakage of fluid) may result 
in the development of a so-called subdural hygroma, which contains cerebro-
spinal 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 subarachnoid space could increase the risk of sub-
dural hemorrhage [19,34–36].

Retinal hemorrhages 
Retinal hemorrhages 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 deceleration 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 demonstrated in association with subdural 
hematoma considered to be caused by disease and it is therefore possible that 
retinal hemorrhages can arise as a sequel to subdural hematoma. One possible 
explanation is that increased intracranial pressure caused by edema of the 
brain leads to increased pressure in the central optical vein, with congestion in 
the retina [40,41]. The relationship between subdural hematoma and retinal 
hemorrhages is supported by studies showing that isolated incidents of retinal 
hemorrhages are very rare [38,41]. Retinal hemorrhages have also been obser-
ved after normal vaginal deliveries [42].

Encephalopathy
Encephalopathy can present with such signs as lethargy, seizures and dyspnea, 
among others. These signs may be attributable to frictional damage in the brain 
or the cervical medulla, and/or brain edema. Brain edema and brain hypoxia 
can cause irreversible brain damage. Increased intracranial pressure, for example 
due to brain edema or subdural hematoma, can also result in seizures, apnea 
and lethargy [43,44]. Brain edema can be revealed by both computed tomo-
graphy (CT) and magnetic resonance imaging (MRI) and appears as efface-
ment of the sulci and compression of the cerebral ventricles. These may be 
temporary conditions, which resolve without any permanent brain damage. 
The most serious condition can be revealed by CT and MRI as reduced diffe-
rentiation between the white and grey matter of the brain, representing a global 
irreversible ischemic injury. 

Diagnostic methods 
Intracranial examination 
While CT is based on the differences in absorption of x-ray radiation of sub-
stances and tissues of varying density, MRI exploits a number of different 
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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 (by using contrast medium in the vessels). Both techniques provide 
similar information on changes in the brain ventricles and basal cisterns, such 
as compression of the ventricles in brain edema, widening in hydrocephalus, 
displacement due to hemorrhage 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 decomposi-
tion product of hemoglobin) and early ischemic and axonal injuries [45,46].

While an acute subdural hematoma in a small child comprises fresh blood, 
a subacute subdural hematoma is usually composed of a mixture of an upper 
layer of fluid and a sediment of coagulated blood [47]. The development of the 
hemorrhage over time results in different patterns on CT and MRI. The time 
frames for the development and duration of these patterns can overlap; hence 
determination of the age of the injury is uncertain [48]. In rare cases, calcifi-
cations can be mistaken for fresh blood, particularly in the brain tissue. On a 
CT scan, hemorrhage 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 hemorrhage is therefore considered to be 
more reliable than assessment by MRI [49,50]. The ability to determine the age 
of a subdural hematoma can be important for correlation with the alleged time 
of injury.

Both CT and MRI can be used to determine brain edema, 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 sub-
sequent 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].

Hemorrhage 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 with ophthalmoscopy and it was shown that in 83% of cases retinal 
hemorrhages could be detected by MRI [55,56].
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In this context it is important to be aware that interpretations of CT, MRI and 
ocular fundoscopy findings are somewhat subjective and the experience of the 
individual observer can influence the final assessment.
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3 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 hematoma, 
retinal hemorrhages 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].
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Criteria for inclusion and exclusion
Inclusion criteria

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

Observations
In order to reduce the risk of random errors of selection, only studies com-
prising 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 mean age of children 
subjected to traumatic shaking is stated to be 2–3 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 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 biomechanical studies and studies 
which deal with other possible causes of the triad have been considered sepa-
rately 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 
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specialist and the experts in the project group. The literature search encompassed 
the databases PubMed, Embase och 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 inde-
pendently 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 scrutinised in full text and did not meet 
the inclusion criteria were excluded: the main reason for exclusion was recorded 
(see Appendix 5, www.sbu.se/255e). Disagreements 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 hematoma, retinal hemorrhages and/or 
encephalopathy. In accordance with SBU’s guidelines, only studies of moderate 
or high quality were considered in the results and discussion [11]. 

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

Method for synthesis of the results
Meta-analysis is a statistical method for quantitatively appraising the results 
of several studies in order to obtain data from a larger sample and to achieve 
a more reliable assessment of the statistical uncertainty. In order 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 
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one of the included studies used a reference group, it was not possible to under-
take 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, impre-
cision, 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 
contradictory 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.
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4 Results

The literature search yielded 3773 abstracts, of which 1065 were retrieved in 
full text. Of these 1035 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 informa-
tion as to whether traumatic shaking was confessed to by the perpetrator 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, 
agreement between the results of the included studies was discussed in the 
project group.
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Flow chart of literature search

Figure 4.1  
Flow chart of 

literature search.
3773 abstract retrieved 

from databases

1065 articles scrutinised
in fulltext

6 articles 
searched manually

30 articles included

2 articles of 
moderate study quality

28 articles of 
low study quality

0 articles of 
high study quality

1035 articles did not 
meet the general 
exclusion criteria

2714 abstracts excluded

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

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

• There is limited scientific evidence that the triad and therefore its com-
ponents can be associated with traumatic shaking (low quality evidence)

The two included studies of moderate quality, both conducted in France, were 
based on cases in which the 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 2 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 com-
prised 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 
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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 out of 45 (82%) had a subdural hema-
toma, compared with 17 out of 39 (44%) in the accidental trauma group;  
37 out of 44 (84%) had retinal hemorrhages, compared with 6 out of 35 
(17%) in the accidental trauma group and 12 out of 45 (27%) hade cerebral 
ischemia, compared with 1 out of 39 (3 percent) in the group with accidental 
head trauma. 

The study by Adamsbaum et al. was a retrospective observational study, com-
prising 29 confessed cases of traumatic shaking (in which direct trauma to the 
head was described in 5 cases) and a comparative group of 83 unconfessed cases 
[60]. The criteria for inclusion in the study were subdural hematoma disclosed 
by a CT scan and confession by the suspected perpetrator. As subdural hema-
toma was one of the criteria for inclusion in the traumatic shaking group, only 
the results for retinal hemorrhages could be used in this investigation.

In the group in which traumatic shaking was confessed to (Group A) 24 child-
ren (83%) had retinal hemorrhages. In all cases where the perpetrator had con-
fessed, the shaking was described as violent (100%) and in some cases (55%) 
the perpetrator admitted to repeated episodes of shaking. No correlation was 
established between the density of the subdural hematoma and the number 
of repeated episodes of shaking. In 14 out 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 expla-
nation of the condition was presented: 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 hematoma and retinal hemorrhages.  
In the study by Vinchon et al., the group in which traumatic shaking was con-
fessed to comprised a larger proportion of children with subdural hematoma, 
retinal hemorrhages 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 popu-
lation, 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 trau-
matic shaking.
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24 Table 4.1 Characteristics of included studies.

Author
Year
Reference
Country

Aims/focus
Outcome

Study design
Setting
Inclusion and 
exclusion criteria

Number of cases 
Medical examinations

Results Methodological 
considerations/
comments

Study quality

Vinchon
2010
[59] 
France

Aims/focus
To compare 
the clinical, 
ophthalmological 
and radiological 
features of inflicted 
head injury (IHI) and 
accidental trauma 
(AT) and to test the 
diagnostic value 
of these findings

Outcome
Registered medical 
findings including 
SDH (density), RH 
and brain ischemia

Study design
Prospective cohort 
study collecting medical 
information on all traumatic 
head injuries in infants from 
May 2001 to February 2009

Setting
Diagnosis in pediatric 
intensive care unit or 
neurosurgical unit

Inclusion criteria
Children under the age of 
24 months referred alive to 
the emergency room due 
to confessed inflicted head 
trauma (IHT), or witnessed 
accidental trauma (AT)

Exclusion criteria
Obstetric trauma 

Number of cases
IHI group: 45 cases of con- 
fessed inflicted head injury,  
29 boys and 16 girls, mean age  
3.8 month (range 0.8–18.3). 
 IHI was caused by shaking in  
30 cases and beating in 15 cases

AT group: 39 cases of wit- 
nessed accidental injury,  
23 boys and 16 girls, mean age 
8.1 months (range 0–23.9)

• 19 cases where the baby 
was a car passenger

• 3 cases where the baby was 
in a carriage hit by a vehicle

• 5 cases of defenestration
• 11 cases injured by a short fall
• 1 case without description

Medical examinations
Clinical examination including 
neurological symptoms
CT scanning 
Fundoscopy
X-ray and/or isotopic bone 
scanning skeletal survey

IHI group
SDH: 37/45 (82%)
RH: 37/44 (84%)
Brain ischemia: 12/45 (27%)

AT group
SDH: 17/39 (44%)
RH: 6/35 (17%)
Brain ischemia: 1/39 (3%)

Diagnostic value

SDH
Sensitivity: 0.822
Specificity: 0.552
PPV: 0.685
NPV: 0.724

Severe RH
Sensitivity: 0.556 
Specificity: 0.974
PPV: 0.961
NPV: 0.655

Brain ischemia
Sensitivity: 0.267
Specificity: 0.971
PPV: 0.921
NPV: 0.505

The report does not contain 
a detailed description of 
the method nor of the IHI 
cases. It is not possible 
to extract the results 
for the shaken baby 
cases in the IHI group 

There are limitations in 
the definitions of the 
diagnostic criteria 

The triad used by the 
authors consists of 
subdural hematoma, 
retinal hemorrhage, and 
absence of sign of impact

No details about 
what the suspect had 
confessed and under 
which circumstances the 
confession was obtained 

Moderate

The table continues on the next page
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Table 4.1 continued

Author
Year
Reference
Country

Aims/focus
Outcome

Study design
Setting
Inclusion and 
exclusion criteria

Number of cases 
Medical examinations

Results Methodological 
considerations/
comments

Study quality

Adamsbaum 
2010
[60] 
France

Aims/focus
To correlate 
the history of 
confessed abusive 
head trauma 
(AHT) cases with 
medical findings 
and to compare 
medical findings in 
confessed cases of 
AHT with non-
confessed cases

Outcome
Density and 
location of SDH, 
RH, fractures and 
skin ecchymosis

Study design
Retrospective observational 
study with examined 
forensic evidence, from 
January 2002 to May 2009

Setting
Not specified

Inclusion criteria
Children with AHT 
(presence of SDH on 
CT scan with or without 
traumatic skin lesions) and 
a perpetrator conviction, 
with or without confession

Exclusion criteria
Accidental trauma 
and metabolic or 
infectious pathology

Number of cases
Group A: 29 cases where the 
perpetrator confessed violent 
shaking of the child. In 5 cases a 
final impact of the infants head 
on a bed was described by the 
perpetrator. 22 boys and 7 girls, 
mean age 4.7 ± 2.9 months.  
27 cases were younger than 1 year 

Group B: 83 cases without 
confession of a causal relationship 
between violence and the child´s 
symptoms. 63 boys and 20 girls, 
mean age 6 ± 5.3 months

• 19 cases where the children 
was shaken in order to revive 
it from a life-threatening event

• 28 cases where a minor 
accident was described

• 36 cases where no mechanistic 
description was given

Medical examinations
Clinical examination
CT scanning
Fundoscopy
X-ray skeletal survey
MRI (only in confessed cases)

Group A
RH: 24/29 (83%)
SDH hyperdensity: 11/29 (38%)
SDH hypodensity: 2/29 (7%)
SDH mixed density: 16/29 (55%)

9 infants in Group A died. In 
4 of the cases the perpetrator 
admitted head impact

Group B
RH: 75/83 (90%)
SDH hyperdensity: 28/83 (34%)
SDH hypodensity: 0/83 (0%)
SDH mixed density: 55/83 (66%)

16 infants in group B died

No statistically significant 
difference between the 
two regarding incidence 
of RH, density of SDH, 
or location of SDH 

A retrospective study 
design without an 
appropriate control group

The inclusion criterion 
SDH was part of the 
triad, why the prevalence 
of SDH after shaking 
cannot be evaluated

The report contains a 
detailed description of 
14 cases in group A. 
No details under which 
circumstances the 
confession was obtained 

Moderate

AHT = Abusive head trauma; AT = Accidental trauma; CT = Computed tomography; IHI = Inflicted head injury; IHT = Inflicted head trauma; MRI = Magnetic 
resonance imaging; NPV = Negative predictive value; PPV = Positive predictive value; RH = Retinal hemorrhage; SDH = Subdural hematoma
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5 Discussion

Although relatively many studies met the criteria for inclusion, the literature 
search identified only two studies of moderate quality. This is disconcerting, 
because traumatic shaking is very serious and has dramatic consequences 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 hypothesis 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 prospec-
tively for many years. The study also has a clearly defined reference 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 inci-
dent occurred. Vinchon et al. analysed the components of the triad separately, 
but the authors also introduced a different combination for the triad, namely 
subdural hematoma, retinal hemorrhages and the ”absence of scalp swelling”. 



traumatic shaking – the role of the triad in medical 
investigations of suspected traumatic shaking

28

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 in order to clarify certain ambiguities, but not 
all queries were answered. The questions included i.a. how retinal hemorrhages 
were defined, how the authors calculated sensitivity, specificity and the predic-
tive 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 confessed 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. However, this is not a “true” reference group, as there may 
be cases of traumatic shaking among the unconfessed cases. As subdural hema-
toma is a criterion for inclusion of all cases in the study, only the results for 
retinal hemorrhages 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. Deci-
sions 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) disclosed 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. 

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 
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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 classifica-
tion 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 personnel within the health 
and medical services, dental, preschool, 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 “acceptable” 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 of 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 dyspnea or apnea), it is however reasonable to assume 
that the child’s condition was already cause 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 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 uncondi-
tionally 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 characterises the scientific investigation and hypothesis testing 
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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, i.e. the association 
between the symptoms and signs of the triad and traumatic shaking has already 
been described (according 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. 

In order 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 hematoma 
arose. Moreover this uncertainty is greater in children under 12 months of age, 
because the characteristics of subdural hemorrhage at this age differ somewhat 
from those in adults. A subdural hematoma in a small child or infant usually 
consists of an upper layer of fluid and a sediment of coagulated blood: if the 
subdural hematoma is subacute, this layer can exhibit various degrees of attenu-
ation [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 hematoma because of the existence of different and partly overlapping 
patterns [48]. 

In both controlled experimental and observational studies, systematic errors can 
occur because various observers do not always make the same observations and/
or interpret the observations differently. Agreement among different investiga-
tors 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 examinations 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 hemorrhages, i.e. interobserver agreement was low 
[51].



31chapter 5 discussion

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 settings”). Another weakness in these reviews was that traumatic 
shaking was not specified and the more general term AHT was used instead, 
without a detailed description of what this term included.
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6 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 instruments 
have been used to investigate the impact of mechanical forces on a child, but 
the results are contradictory. Further, for various reasons, it is difficult to extra-
polate 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 prospective 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, ske-
leton 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. 
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There is a lack of detailed knowledge about the pathophysiology of the develop-
ment of subdural and retinal hemorrhages associated with vaginal delivery. 
Although most bleedings related to delivery are symptomless and disappear 
(are resorbed) within a few months, occasionally a hemorrhage can degenerate 
into a hygroma [19,30,36]. This circumscribed collection of fluid 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 exhi-
bits signs of encephalopathy (lethargy, apnea and/or seizures), causing the carer 
to seek medical attention. Hypothetically such rebleeding could occur spon-
taneously 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 hemorrhages. 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 descriptions of how the studies have 
been conducted. 

International coordination
In order to improve diagnosis within the field, broad coordination at internatio-
nal level is required to ensure a study population 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 obser-
ved injuries. Differential diagnosis such as bleeding in neonates associated 
with delivery also needs to be studied in order to identify the natural course 
of events [22,36,76,77]. Further research is also required in order to improve 
understanding of the pathophysiology underlying the triad. Refined biomecha-
nical models would also contribute to improved understanding of traumatic 
shaking. 
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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 pre-
sented in such a way as to allow diagnostic accuracy to be calculated. This latter 
require ment thus means that 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 recommen-
dations of requirements to be met, in order that the quality of the studies can 
be assessed and that meta-analyses can be conducted: 

The studies should:

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

• Be age-matched (study group and reference group);

• Contain detailed presentations of how the study material was collected, 
including documentation of the examination technique and detailed pre-
sentations of any complementary investigations undertaken in order to 
exclude differential diagnoses;

• 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; 

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

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

• Present a detailed account of the confession, what was confessed to and  
the circumstances under which the confession was made. 
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8 External collaboration

Co-operation with interested parties
The project management held meetings with members of the Swedish National  
Association for Families’ Rights at the beginning of the project in order to 
inform them of the project and to solicit opinions.

Networking with 
government authorities
In conjunction with the release of the report, representatives of the following 
authorities were invited to SBU for information about the results: the Ombuds-
man for Children in Sweden, the Swedish Health and Social Care Inspectorate,  
the Swedish Prison and Probation Service, the Swedish National Board of 
Health and Welfare, the Swedish Association of Local Authorities and Regions, 
the Swedish Police Authority, the Swedish National Board of Forensic Medicine, 
and the Swedish Prosecution Authority.
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The Swedish National Council 
on Medical Ethics 
The analysis of the ethics was conducted by the Swedish National Council  
on Medical Ethics.
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9 Glossary

AHT Abbreviation for Abusive Head Trauma: damage to 
the skull caused by maltreatment of the child

AT Abbreviation for Accidental Trauma

Attenuation Attenutation: absorption of radiation in the body, which 
varies in accordance with the density of the tissues.

BE Abbreviation for Brain Edema/Edema

Child protection team Interdisciplinary team which investigates cases of suspected child abuse 

CT Abbreviation for Computed Tomography 

Hydrocephalus Increased volume of cerebrospinal fluid in the cavities of the brain 

Hygroma Accumulation of fluid, possibly arising after 
an earlier episode of bleeding 

IHI Abbreviation for Inflicted Head Injury or Intentional Head Injury: 
head injury caused by abusive maltreatment of the child

IHT Abbreviation for Inflicted Head Trauma: injury to the head 
resulting from abusive maltreatment of the child

MF Abbreviation for Metaphyseal Fracture: a fracture in the growth 
zone of a long bone, e.g in the shinbone just below the knee

MRI Abbreviation for Magnetic Resonance Imaging

MRT Abbreviation for Magnetic Resonance Tomography (see MRI)

RB/RH Abbreviation for Retinal Bleeding/hemorrhage, intraocular bleeding 

SAH Abbreviation for Subarachnoidal Hemorrhage: bleeding in the 
subarachnoid space, i.e. between the soft meninges of the brain ) 

SBS Abbreviation for Shaken Baby Syndrome; a syndrome 
comprising three components, the triad



traumatic shaking – the role of the triad in medical 
investigations of suspected traumatic shaking

46

SDH Abbreviation for Subdural Hemorrhage, 
Subdural Hematoma: bleeding under the dura 

Subarachnoid space The space between the soft meninges

Traumatic shaking The injurious mechanism when a child is shaken violently  
(not to be confused with the medical findings, “the triad”)

Triad Three components of a whole. The triad associated 
with SBS usually comprises subdural hematoma, 
retinal hemorrhages and encephalopathy
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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 alter-
native 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 alternative explana-
tions for the triad.
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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 
hemorrhagic 
symptoms

von Willebrand´s disease SDH, RH [78] (1)

Delta storage pool disease SDH, BE, RH [79] (1)

Hyperfibrinogenemia RH (including 
vitreous 
hemorrhage)

[80] (1)

Hemophilia A SDH/RH [81] (2) RH 
[82] (1) SDH

Factor X deficiency SDH [83] (2)

Idiopathic thrombocytopenic 
purpura

ICH [84] (1)

Kasabach-Merrit syndrome 
thrombocytopenia

RH [85] (1)

Hepatitis RH, BE, SDH [86] (1) 

Albers-Schönberg 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

Menkes disease 
(Copper deficiency)

SDH [94] (1)

Unspecified RH, SDH [95] (1)
[96] (3)

Infections Infection RH [97] (4)

Infection with or 
without hypoxia

SDH (intradural 
bleeding)

[21] (10/30)

Vascular 
malformations

Aneurysm,  
Arterio-venous  
malformation

SDH (SAH)/BE/RH [98] (1) SDH

[99] (1) SDH, BE  
[100] (1) SDH, BE

[101] (1) SDH, RH

Prenatal and 
birth-related 
injuries

Prematurity RH [102] (11)

Delivery injury SDH (ICH)/RH [18] (2) SDH

[103] (3) ICH

[96] (3) SDH

[56] (53) RH

[104] (10) RH

Normal delivery  
(or prenatal)

SDH/RH [77] (17/97) SDH

[39] (94/252) RH

[76] (32/63) SDH

Prenatal trauma RH [105] (2)

Congenital SDH SDH [106] (1)

Congenital heart disease SDH [22] (66/152)

The table continues on the next page

Table 1 
Other possible causes 

(differential diagnosis) 
of the triad and its 

components.
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Disease/condition Reported findings 
from the triad

Reference number 
(number of cases, or 
cases/study population 
size) Reported finding 
from the triad

Large head 
size

Enlarged SA space/ 
External hydrocephalus/
Benign enlargement of  
the subarachnoid spaces 

SDH [31] (6/108)
[32] (4/177)
[107] (7)
[33] (3)
[96] (6)

External hydrocephalus RH, SDH [108] (1)
[109] (6)

Metabolic 
diseases

Glutamic aciduria SDH/RH [110] (1) SDH

[111] (1) SDH

[112] (1) SDH, RH

Immunological 
diseases

Hemo-phagocytic 
lymphohistiocytosis 

SDH, SAH (ICH),  
BE, RH

[113] (1)

Transplacental acquisition 
of anti-Ro antibodies

SDH [114] (2)

Skeletal 
diseases

Osteogenesis imperfecta SDH, RH [115] (3)

Brittle bone disease SDH/RH [116] (20/20) SDH

(11/20) RH

Other Hypoxia and resuscitation RH [117] (1/33)
[118] (1)

Hypoxia SDH/intradural 
bleeding

[21] (20/30)

Choking and resuscitation SDH (SAH), RH [119] (1)

Resuscitation in patients with 
retinopathy of prematurity

RH [118] (2)
[117] (1/33)

Hypernatremia and 
dehydration

ICH, BE [120] (1)

Leukemia RH [95] (3)

Vaccine-induced 
vitamin C deficiency

SDH, BE [121] (2)

BE = Brain edema; ICH = Intracranial hemorrhage; RH = Retinal hemorrhage; 
SAH = Subarachnoid hemorrhage; SDH = Subdural hematoma

Table 1  
continued
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Appendix 2 
Biomechanical studies
In order 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 experi-
ments 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 construc-
tion of various models intended to explain the mechanisms involved in trauma-
tic 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 traumatic shaking [5]. The 
work is regarded as a reference article and has served as the basis of many other 
experiments and the method has been further developed. The article concludes 
that it is not possible to achieve damaging effects by shaking.

Cory och 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.
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Appendix 3 
Ethical analysis  
of traumatic shaking1

The Swedish National Council on Medical Ethics has conducted an ethical 
analysis of ‘traumatic shaking’ in connection with the Swedish Agency for 
Health Technology 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:

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

• “There is limited scientific evidence that the triad and therefore its com-
ponents can be associated with traumatic shaking (low quality evidence).”

• “The triad or its components can be attributable to causes other than 
shaking.”

1 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.
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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 identi-
fies 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 evi-
dence that the triad and therefore its components may occur due to traumatic 
shaking, but it was also found that the triad or its components may also be due 
to causes other than shaking. 

According to the Swedish Agency for Health Technology 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 examinations and retinal examinations. There may be other injuries 
to the body that support the suspicion of abuse, or observations made in dis-
cussions with the custodial parents. 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 therapeu-
tic 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, labo-
ratory-based and other medical examinations of the child. However, it should 
be borne in mind that ‘fact’ may also include judgments, e.g. 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. 
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Parties
The starting point for the analysis is a scenario in which an infant, accompa-
nied by one or two custodial parents, arrives at a health care facility with inju-
ries 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 traumatic 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 health care 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 child-
ren. This means that the 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 situations 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 conse-
quences in terms of the child’s development, 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 inte-
rests 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 cau-
sed the injuries. This means that they may not have discharged their parental 
responsibilities.

In the scenario outlined here, the immediate responsibility for safeguarding the 
child’s crucial values falls to the medical professionals dealing with the family at 
the hospital. 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.
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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 res-
pects. 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 incorpo-
rated 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.

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 uncom-
mon for them to admit it immediately (Lowenstein 2004). 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 indi-
vidual. 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 (Leuthner 2001). 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 profes-
sional 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 
considerable 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.
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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 profes-
sional 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 conclusions 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.

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 competently 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 subjec-
ted to shaking not being identified and thus not receiving society’s protection 
against further abuse or growing up in conditions that are otherwise inadequ-
ate. 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 
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knowledge that there is such an unambiguous 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’ (Melzer et al, 2013). 
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 problematic 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 exacerbates 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 vic-
tims 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. 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 Assessment 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 sci-
entific 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 concerning legal certifica-
tes (Albert et al, 2012).
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This observation does not mean that there cannot be grounds to report con-
cerns 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 concerning 
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 sympt-
oms/findings in the triad. 

The Council considers that it is ethically problematic for medical professionals 
to establish with certainty that certain specific injuries in infants are automati-
cally evidence that they were caused by shaking. Such overdiagnosis of trauma-
tic shaking should not occur when the state of scientific knowledge is so limited 
(Riggs & Hobbs, 2011).

The Council also considers that underdiagnosis is ethically problematic, in the 
sense that it means that children who really have been subjected to shaking are 
not identified and examined by medical professionals. This risk can, however, 
be limited through improved professional training on child abuse in general 
and traumatic shaking in particular, within both health care 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 particularly 
applicable in cases where any kind of child abuse is suspected. Medical profes-
sionals 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, since the state of scientific knowledge does not permit any clear con-
clusions in this area.
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