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1  | INTRODUC TION

A birth injury is a trauma suffered by neonates during labour. There 
have only been a few population-based studies concerning the in-
cidence of birth injuries. Moreover, the reported incidences vary 
widely ranging from 0.2 to 37 per 1000 births, depending on the 

birth injury and study population.1-4 Birth injuries may vary from 
minor soft-tissue injuries to potentially life-threatening intracranial 
haemorrhages. In previous studies, the most common reported 
birth injuries are injury to the scalp and cephalohaematoma with an 
incidence of up to 20.4 per 1000 births. This is followed by clavi-
cle fractures with a varying incidence of 2.4-15 per 1000 births.1,5 
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Abstract
Aim: Birth injuries are rare complications that can have a significant impact on neo-
nates and their families. This population-based study describes the rates and trends 
of all birth injuries in Finland over a 21-year period.
Methods: The study is based on a national Medical Birth Register that includes all 
live-born neonates of more than 22 gestational weeks or 500 g who were born in 
Finland between 1997 and 2017. The ICD-10 codes of the birth injuries were ob-
tained from the Finnish Medical Birth Register and the Care Register for Health Care. 
The incidence of birth injury, changes over time and incidence at different gestational 
ages were determined.
Results: A total of 28 551 birth injuries were diagnosed, and the total incidence de-
creased from 34.0 to 16.6 per 1000 live births. The incidence of clavicle fracture, 
cephalohaematoma, and Erb paralysis decreased while the incidence of chignon and 
epicranial subaponeurotic haemorrhage increased.
Conclusion: The incidence of birth injury halved during the 20-year study period. This 
was mainly due to a decrease in the number of clavicle fractures. The incidence of 
birth injury increased with gestational age, and most injuries occurred after 37 weeks 
of gestation.
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These injuries usually heal without residual deformity, and long-
term prognosis is good.6-8 Meanwhile, the incidence of more seri-
ous and potentially long-term sequelae of trauma, such as brachial 
plexus injury, has been reported to vary from 1 to 3.5 per 1000 
live births.9-13 Intracranial haemorrhages are rare with reported in-
cidence varying from 0.1 to 1.4 per 1000 live births.1,14,15 The mode 
of delivery and birthweight are associated with birth injuries.1,13,16 
In Finland, several of the risk factors associated with birth injuries 
have changed. For example, the number of neonates with a birth-
weight of over 4000 g has declined,17 but pregnant women tend to 
be older, more obese, and the incidence of gestational diabetes and 
induced delivery has increased.17 Considering these demographic 
changes, we hypothesised that the incidence of overall birth inju-
ries may have increased over the study period. This study aimed to 
assess the population-based incidences of birth injuries and to de-
tect whether there have been changes in the incidence of all birth 
injuries in Finland between 1997 and 2017. Furthermore, the study 
aimed to describe the distribution of birth injuries in different ges-
tational weeks.

2  | PATIENTS AND METHODS

2.1 | Study population and data collection

This study covered all live-born deliveries in Finland for a period 
of 21 years from January 1, 1997, to December 31, 2017. In total, 
1 203 434 live-born neonates were included in the study. The 
codes for birth injuries were in accordance with the 10th Revision 
of the International Statistical Classification of Diseases and 
Related Health Problems (ICD-10), and the number of annual births 
was obtained from the statutory, computer-based national Medical 
Birth Register (MBR). The MBR was founded in Finland in 1987 and 
contains data on all live births and stillbirths with a birthweight of 
at least 500 g or a gestation age of at least 22 + 0 weeks. The data 
of the MBR cover all infants born in or out of hospital. According 
to the standard procedure, data are collected twice during the 
first week of life—first after delivery by a midwife and second by 
a paediatrician before discharge. The data collected contain de-
mographic features, maternal characteristics, reproductive history, 
adverse outcomes during pregnancy and delivery, delivery statis-
tics, neonatal data, infant health outcomes and infant diagnosis up 
to the age of 7 days or at discharge if earlier. The data of the MBR 
are complemented by information from the Central Population 
Register and Causes of death data from Statistics Finland. The 
validity of the MBR is excellent regarding both the coverage and 
accuracy of the database.18 To increase the coverage of our data 
beyond 7 days after birth, we also included all hospital visits with 
any birth injury diagnosis (either inpatient or outpatient) that were 
recorded into the Care Register for Health Care during the first 
year after birth. The Care Register for Health Care (a continua-
tion of the previous Hospital Discharge Register) is also a statu-
tory computer-based administrative register that contains patient 

characteristics, such as age, sex, primary and secondary diagnosis, 
and all operations performed during the hospital stay. The cover-
age and accuracy of the Care Register for Health Care has been 
shown to be good.19,20

After delivery, the birth injury diagnosis is made by clinical ex-
amination in most cases. However, if there is suspicion of long-bone 
(except clavicle) fractures or serious extracranial or intracranial hae-
morrhage, radiologic evaluation is performed. With suspected Erb 
paralysis, a newborn is examined by a hand surgeon or by a paediat-
ric surgeon in cases of suspected long-bone fracture. The following 
birth injury codes (ICD-10) were identified at birth, during the first 
7 days of life, or up to the first year of life: intracranial laceration and 
haemorrhage due to birth injury (P10), other birth injuries to central 
nervous system (P11), birth injury to scalp (P12), birth injury to skel-
eton (P13), birth injury to peripheral nervous system (P14) and other 
birth injuries (P15).

2.2 | Statistical analysis

The incidence of birth injuries was calculated based on the MBR data 
of the annual neonate population, and the ICD-10 codes P10-15 ob-
tained from the MBR and the Care Register for Health Care. For fur-
ther analysis, neonates were classified into five categories based on 
gestation age: 22 + 0 to 27 + 6 (extremely preterm), 28 + 0 to 31 + 6 
(very preterm), 32 + 0 to 36 + 6 (moderate-to-late preterm), 37 + 0 
to 40 + 6 (early term to full term) and 41 + 0 or after (late term to 
post-term). The number of injured neonates, rather than the number 
of different injuries, was used to calculate the injury incidences in 
the different gestation age categories. The rate of instrumental vagi-
nal deliveries (including vacuum-assisted deliveries and forceps de-
liveries) and Caesarean sections (including elective and emergency 
sections) was calculated from all live births, including healthy and 
injured neonates. Most of the instrumental vaginal deliveries were 
vacuum extractions. Statistical analysis was performed using PASW 
19.0 (IBM SPSS). As the MBR contains all births in Finland, the re-
sulting incidence figures were the true results of the entire live-born 
population in Finland during the study period, rather than cohort-
based estimates, and therefore, the probability estimates or 95% 
confidence intervals intrinsically needed in cohort or sample-based 
estimations were not calculated.

Key notes

• From 1997 to 2017, a total of 28 551 birth injuries were 
diagnosed, and the annual injury rate decreased by 51%.

• Clavicle fractures, cephalohaematomas and Erb paraly-
sis accounted for 90% of injuries.

• Birth injuries were rare in premature deliveries, with 
most injuries occurring after 37 weeks of gestation.
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Only anonymised data were used in the study. Hence, no in-
formed approval of the registered persons is needed for regis-
ter-based studies in Finland. This study was approved by the Ethics 
committee of Tampere University Hospital 30.5.2017. The reference 
number for this research is R17069. THL/1659/5.05.00/2017.

3  | RESULTS

3.1 | Incidence of birth injury

Overall, 1 203 434 neonates were born in Finland between January 
1, 1997, and December 31, 2017. In total, 27 179 neonates suf-
fered 28 551 birth injuries. Of these, 1372 (5%) neonates suffered 
more than one injury. The overall incidence of birth injuries was 
23.7 per 1000 live births. The absolute numbers and incidences of 
birth injuries and the most common injuries in each ICD-10 group 
are presented in Table 1. The most common injuries concerned the 
skeleton (ICD-10 P13), and a clavicle fracture (P13.4) was the most 
prevalent injury with an incidence of 11.2 per 1000 live births. The 
second most common birth injuries were related to the scalp (P12), 
a cephalohaematoma (P12.0) being the most frequent. Erb paraly-
sis (P14.0) was the most dominant peripheral nervous system injury 
(P14; Table 1).

3.2 | Temporal changes

The number of annual births varied between 55 000 and 60 000 
neonates during the first decade of the study, but this number de-
creased after 2010. After 2015, the decline increased and 50 397 
neonates were born in 2017. The overall incidence of birth injuries 
has declined by 51%, from 34.0 per 1000 live births in 1997 to 16.6 
per 1000 live births in 2017 (Figure 1). This decline was mostly due 
to the injuries concerning clavicle fracture, the incidence of which 
decreased from 17.4 to 5.0 per 1000 live births. There was also a 
decrease in the incidence of injuries to the peripheral nervous sys-
tem and scalp. The rate of Erb paralysis was highest in 2000, 3.7 per 
1000 live births, and the lowest in 2015, 1.3 per 1000 live births. 
The incidence of brachial plexus injuries (P14.0-14.3) decreased 
from 3.8 per 1000 live births in 1999 to 1.4 per 1000 live births in 
2015. The incidence of Erb paralysis and plexus brachialis injury in 
2017 was 1.6 and 1.8 per 1000 live births, respectively. The total 
scalp injury rate, such as the cephalohaematoma rate, varied during 
the study period. Indeed, the cephalohaematoma incidence rate de-
creased from 10.7 per 1000 live births in 1997 to 5.6 per 1000 live 
births in 2007. After 2008, however, the incidence rate increased 
to 8.0 per 1000 live births in 2017. Other scalp injuries apart from 
cephalohaematoma were rare. The total incidence rate of a chignon, 
or artificial caput succedaneum, (P12.1) and epicranial subaponeu-
rotic haemorrhage (P12.2) was 0.2 and 0.1 per 1000 live births, re-
spectively. Although there was some variation between years, an 
overall upward trend was seen. The incidence of chignon was five 
times, and the incidence of epicranial subaponeurotic haemorrhage 
was ten times greater at the end of the study period compared with 
the beginning. The rate of instrumental vaginal delivery (vacuum-
assisted and forceps delivery) increased from 5.4% in 1997 to 9.4% 
in 2017. The annual Caesarean section percentage remained rather 
stable at around 16 to 17% (Figure 1). The mode of the delivery 
data was missing from 856 deliveries (1997-2017). Between 1997 
and 2001, the mode of the delivery was not recorded in 0.3% of 
deliveries. After 2001, however, the data were missing in <0.01% 
of deliveries.

3.3 | Gestation age

The total birth injury incidence increased with gestational age. The 
incidence was lowest in extremely preterm pregnancies and highest 
in late term and post-term pregnancies (Table 2, Figure 2). The ma-
jority of injured neonates (98%) were born after the gestational age 
of 37 + 0 weeks. The Caesarean section rate was more prominent 
in preterm compared with deliveries at or after 37 weeks, whereas 
most of the operative vaginal deliveries took place after 32 gesta-
tional weeks (Table 2). The incidence of birth injuries, the number 
of injured neonates and the rate of operative deliveries in differ-
ent gestational weeks are presented in Table 2. The incidence of 
skeletal injury rose markedly after 37 weeks of gestation. Also, the 
scalp and peripheral nervous system injury rates increased in term 

TA B L E  1   The most common birth injury numbers and incidences 
by the main injury category and the most frequent subcategory in 
Finland from 1997 to 2017

Type of birth injury ICD-10 
codes

Number of live 
births

Incidence/1000 
live births

All births 1 203 434  

All birth injuries 28 551 23.7

P10 Intracranial laceration 
and haemorrhage

193 0.2

P10.0 Subdural 
haemorrhage

97 0.1

P11 Other injuries to 
central nervous system

88 0.1

P11.3 Facial nerve injury 54 0.04

P12 Injury to scalp 10 179 8.5

P12.0 Cephalohaematoma 9216 7.7

P13 Injury to skeleton 13 674 11.4

P13.4 Fracture of clavicle 13 460 11.2

P14 Injury to peripheral 
nervous system

3314 2.8

P14.0 Erb paralysis 3052 2.5

P15 Other birth injuries 1103 0.9

P15.2 Sternomastoid injury 349 0.3
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pregnancies. Moreover, 98% of all scalp and peripheral nervous sys-
tem injuries and 99% of skeletal injuries took place at 37 weeks of 
gestation or later. The trend of decreased total birth injury incidence 
during the study period was seen in early term to post-term preg-
nancies. In moderate-to-late preterm pregnancies, the incidence re-
mained rather stable, whereas in extremely and very preterm births 
the incidence remained low with sporadic fluctuation (Figure 3). In 
44 neonates (0.16%) with birth trauma, the data on gestational age 
were missing.

4  | DISCUSSION

This study determined the incidences and temporal trends of birth 
injuries in Finland between 1997 and 2017. The main finding of the 
present study was that the total incidence of birth injuries in live 
births halved from 34.0 to 16.6 per 1000 live births during the 21-
year study period. This decrease was mainly due to the decline in 
clavicle fractures. The overall incidence of birth injuries was 23.7 per 
1000 live births. The most common injuries were clavicle fracture, 
cephalohaematoma and Erb paralysis. The highest injury rates were 
found in term pregnancies.

There have only been a few population-based studies concerning 
the incidence of birth injuries. In this study, the total birth injury rate 
was similar to that reported in previous studies—approximately 29 
per 1000 births.1,2 Furthermore, other studies have reported that 
the incidence of severe and total birth injury rate has decreased or 
remained unchanged.2,3,12 This study included all reported birth in-
juries, including minor ones. The decrease in total birth injuries (51%) 
seen in our study was more prominent compared with that of an 
earlier study by Tomaschek et al who reported a decrease of 21% 
and a lowest incidence of 29 per 1000 live births.2

Most of the decline in birth injuries was due to a decreasing in-
cidence of clavicle fractures. The rate decreased from 17.4 to 5.0 
per 1000 live births during the study period. In earlier studies, the 
incidence has varied from 2.0 to 18 per 1000 births.1,5,6,21 The de-
cline in the number of clavicle fractures was accompanied by a de-
crease in the rate of Erb paralysis. The incidence of brachial plexus 
injury and Erb paralysis approximately halved during the study pe-
riod, with an incidence of 1.8 and 1.6 per 1000 live births in 2017, 
respectively. The brachial plexus injury rate was consistent with that 
reported in previous studies.1,9-13,16,22 Plexus injuries are especially 
associated with shoulder dystocia and are accompanied with clav-
icle fracture.5,9-11,13,16,22 The reduced rate of clavicle fractures and 

F I G U R E  1   Trends in birth injury incidences per 1000 live births and operative delivery rates in percentages between 1997 and 2017

0

2

4

6

8

10

12

14

16

18

20

0

5

10

15

20

25

30

35

40

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Pe
rc

en
ta

ge

In
ci

de
nc

e/
10

00
 li

ve
 b

irt
hs

Birth year

P10 Intracranial laceration and hemorrhage P11 Other injuries to central nervous system P12 Injury to scalp

P13 Injury to skeleton P14 Injury to peripheral nervous system P15 Other birth injuries

Total incidence Instrumental vaginal delivery Cesarean section



2566  |     KEKKI Et al.

plexus injuries implies that either the incidence of shoulder dystocia 
is decreasing or that their management has improved over the years.

High birthweight is associated with complicated childbirth 
and increased risk of birth injury.1,13,16,22,23 Thus, high birthweight 

is considered to be one of the main risk factors for clavicle frac-
tures and Erb paralysis. Morbidity expands with increasing birth-
weight.23,24 In Finland, the number of neonates with a birthweight 
of over 4000 grams decreased from 20.1% in 1995 to 16.7% in 2017 
and the number of neonates with a birthweight of more than 4500 g 
has decreased from 3.6% in 1995 to 2.4% in 2017.17 The decrease in 
the number of macrosomic neonates may partly explain the decreas-
ing incidence of birth injuries, especially clavicle fractures and plexus 
injuries. The incidence of birth injury increased with gestational age. 
This finding is comparable to other studies,22 and it may be linked 
to the higher birthweight in advancing gestational weeks, since the 
most common birth injuries were clavicle fractures and Erb paralysis.

It has been proposed that Caesarean section, especially elective 
ones, protects the neonate against birth injury, whereas instrumen-
tal vaginal delivery exposes the neonate to injury.3,13,25 Birth injury 
incidence has been reported to be 1.2-2.5 per 1000 live births among 
elective Caesarean section and 4.9 to 13.3 per 1000 live births in 
Caesarean section during labour.3,25 Furthermore, it has been sug-
gested that dysfunctional labour itself may have a more significant 
influence on birth injury than the type of operative delivery.1 The 

TA B L E  2   Injured neonates, number of injuries, injury incidences at different gestational ages and operative delivery percentage of all 
live-born neonates at different gestational ages

 

Gestational age in weeks

22 + 0 − 27 + 6 28 + 0 − 31 + 6 32 + 0 − 36 + 6 37 + 0 − 40 + 6 41 + 0−

Live-born neonates 3091 6301 58 360 853 707 278 227

Number of injured neonates

All injured neonates 5 24 525 18 507 8074

P10 Intracranial laceration and 
haemorrhage

2 2 25 106 33

P11 Other injuries to central 
nervous system

- 3 11 58 16

P12 Injury to scalp - 8 216 6889 3089

P13 Injury to skeleton 1 4 154 9369 4107

P14 Injury to peripheral 
nervous system

1 2 75 2179 1022

P15 Other birth injuries 2 5 54 767 254

Incidence/1000 live births

Total incidence 1.6 3.8 9.0 21.7 29.0

P10 Intracranial laceration and 
haemorrhage

0.7 0.3 0.4 0.1 0.1

P11 Other injuries to central 
nervous system

0.0 0.5 0.2 0.1 0.1

P12 Injury to scalp 0.0 1.3 3.7 8.1 11.1

P13 Injury to skeleton 0.3 0.6 2.6 11.0 14.8

P14 Injury to peripheral 
nervous system

0.3 0.3 1.3 2.6 3.7

P15 Other birth injuries 0.7 0.8 0.9 0.9 0.9

Delivery mode, percentage

Instrumental vaginal delivery 0.2 0.8 5.1 7.0 10.6

Caesarean section 53.6 66.0 37.5 16.2 13.0

F I G U R E  2   Incidence of birth injuries in different gestational 
weeks
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global Caesarean section rate differs widely. In Europe, for example, 
the Caesarean section rate varies from 15% to 52%, whereas in the 
United States, 32% of all births take place by Caesarean section.26,27 
In Finland, the Caesarean section rate remained at a steady level of 
16%-17% during the 20-year study period. Most birth injuries oc-
curred at 37 weeks of gestation or later when the Caesarean section 
rate was lowest. However, the trend of declining birth injuries was 
also most prominent from 37 weeks of gestation despite the sta-
ble and rather low Caesarean section rate. Therefore, based on the 
findings of this study, the decreased incidence of birth injuries was 
achieved without any major changes in the Caesarean section rate. 
This implies that there are factors other than the Caesarean section 
rate that affect the birth injury rate.

Furthermore, instrumental vaginal deliveries are thought to be 
associated with an increased risk of birth injuries.1,6,13,14,16,28 This 
was indirectly observed in this study. The rate of operative vaginal 
deliveries, as well as the incidence of birth injuries, increased with 
gestational age. The rate of severe birth injury has been reported to 
vary from 1.1 to 4.7 per 1000 births for spontaneous vaginal deliver-
ies and from 6.5 to 14.2 per 1000 for operative vaginal deliveries.3,12 
When taking into account all, also minor, birth injuries, the birth in-
jury rate after operative vaginal delivery can be as high as 62.5 per 
1000 births.25 In Europe, instrumental vaginal delivery accounts for 
approximately 7.5% of all births.26 In the United States, the rate of 
vacuum deliveries has declined from 9% in 1990 to 3.1% in 2015.27 
However, in Finland, the number of instrumental vaginal deliveries, 
most of which being vacuum-assisted deliveries, increased from 
5.4% in 1997 to 9.4% in 2017. Based on the findings of this study, 
after 1997, the rise in vacuum delivery rate was reflected in a slight 
(30%) increased trend in scalp injuries, especially the increasing 
trend of artificial caput succedaneum and epicranial subaponeurotic 
haemorrhages found in our study. Even though the incidence of 
cephalohaematomas was lower at the end of the study period com-
pared with the beginning, the incidence of scalp injury was lower 
than previously reported. Earlier, Sauber-Schatz et al had estimated 
the rate to be 20.1 per 1000 births.1 One possible explanation for 

the decline in the scalp injury rate could be attributed to the bet-
ter management of instrumental vaginal deliveries over the study 
period. Time-related change of scalp injuries was linked to the tem-
poral trends of cephalohaematoma because the rate of cephalohae-
matoma dominated in this subgroup.

Severe intracranial head injuries are rare. The incidence of in-
tracranial haemorrhage is reported to vary from 0.1 to 1.4 per 1000 
births.1,12,14,15 In this study, the incidence of intracranial lacerations 
and haemorrhages was equal to earlier published findings, namely 
0.2 per 1000 live births. Contrary to other birth injuries, the inci-
dence of intracranial haemorrhage and other central nervous sys-
tem injuries was highest in preterm pregnancies and remained stable 
from early term to post-term pregnancy. Furthermore, there was 
no temporal change seen within these injuries. Intracranial haem-
orrhage may therefore be connected to the prematurity of preterm 
neonates.29 Other birth injuries were rather uncommon during the 
premature period. This could be due to the smaller birth size, but 
also to the fact that operative vaginal deliveries are rare, and the 
Caesarean section rate is high in preterm births.

There have only been a small number of population-based stud-
ies concerning the incidence of birth injuries. To the best of our 
knowledge, this present study is one of the few studies that pro-
vides national estimates of all birth injuries. Since some of the birth 
injuries are rare, register-based studies with a large population have 
the advantage that the incidences and trends in birth injuries can be 
estimated. A strength of this study is the statutory Finnish Medical 
Birth Registry which contains data on all live-born neonates in 
the entire nation. We further extended our study beyond the dis-
charge date of the newborn by including information from the Care 
Register for Health Care that includes data on birth injuries diag-
nosed after discharge. The accuracy and coverage of the data are 
reported to be good.18-20 Even if there was some variation in injury 
rates between the years, the trends persisted in a logical manner. 
Moreover, we assume that if there had been changes in registration 
or diagnostic practices, the accuracy would have improved over the 
years rather than weakened. Furthermore, in Finland, maternity 

F I G U R E  3   The incidence of birth 
injuries in different gestational weeks 
from 1997 to 2017
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services are free and cover most of the pregnant population, which 
reduces social differences in antenatal and labour care. The limita-
tion of this study is the retrospective nature of the data. Taking into 
account the long time period and the nationwide study population, 
there is a risk of variation among coding practices and the possi-
ble use of incorrect ICD-10 codes. The results of this study can 
be mostly applied to countries with similar clinical practices and 
healthcare systems. Additional research is necessary to investigate 
birth injury risk factors to achieve a better understanding of the 
causes behind the injuries and to identify ways to further reduce 
the birth injury rate.

5  | CONCLUSION

Based on the findings of this study, between 1997 and 2017 the overall 
incidence of birth injuries decreased by 51% from 34.0 per 1000 live 
births to 16.6 per 1000 live births. The most common injuries were clav-
icle fracture, cephalohaematoma and Erb paralysis. Moreover, 98% of 
the injuries occurred to full-term neonates. The Caesarean section rate 
remained rather stable, but operative vaginal deliveries increased dur-
ing the study period, suggesting that there are factors other than mode 
of delivery alone that affect the incidence of birth injury. However, the 
causes of the decrease in birth injury require further study.
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