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Abstract
Introduction: Obstetric brachial plexus palsy (OBPP) is a serious form of neonatal 
morbidity. The primary aim of this population- based registry study was to examine 
temporal trends, 1997– 2019, of OBPP in infants delivered vaginally in a cephalic pres-
entation. The secondary aim was to examine temporal changes in the incidence of 
associated risk factors.
Material and Methods: This was a population- based registry study including single-
ton, cephalic, vaginally delivered infants, 1997– 2019, in Sweden. To compare changes 
in the incidence rates of OBPP and associated risk factors over time, univariate logis-
tic regression was used and odds ratios (OR) with 95% confidence intervals (CI) were 
calculated.
Results: The incidence of OBPP in infants delivered vaginally in a cephalic presenta-
tion decreased from 3.1 per 1000 births in 1997 to 1.0 per 1000 births in 2019 (OR 
0.31, 95% CI 0.24– 0.40). Conversely, the incidence of shoulder dystocia increased 
from 2.0 per 1000 in 1997 to 3.3 per 1000 in 2019 (OR 1.64, 95% CI 1.34– 2.01). Over 
time, the proportion of women with body mass index of 30 kg/m2 or greater increased 
(14.5% in 2019 compared with 8.0% in year 1997, OR 1.96, 95% CI 1.89– 2.03), more 
women had induction of labor (20.5% in 2019 compared with 8.6% in 1997, OR 2.74, 
95% CI 2.66– 2.83) and epidural analgesia (41.2% in 2019 compared with 29.0% in 
1997, OR 1.72, 95% CI 1.68– 1.75). In contrast, there was a decrease in the rate of 
operative vaginal delivery (6.0% in 2019, compared with 8.1% in 1997, OR 0.72, 95% 
CI 0.69, 0.75) and in the proportion of infants with a birthweight greater than 4500 g 
(2.7% in 2019 compared with 3.8% in 1997, OR 0.70, 95% CI 0.66– 0.74). The decline 
in the incidence of these two risk factors explained only a small fraction of the overall 
decrease in OBPP between 1997– 2002 and 2015– 219.
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1  |  INTRODUC TION

A multitude of risk factors for obstetric brachial plexus palsy 
(OBPP) in infants associated with pregnancy and delivery have been 
identified.1– 5 A decreasing incidence of OBPP, from 1.7 to 0.9 cases 
per 1000 live births, paralleled by an increase in the proportion of 
cesarean deliveries, from 20.9% to 34%, has been reported from 
the USA.6 However, temporal trends in OBPP in vaginal deliveries 
have not been investigated in a population- based cohort. Examining 
changes in OBPP incidence over time in a cohort of vaginal deliveries 
could provide new insights into temporal changes in the rates of this 
neonatal morbidity.

OBPP has a reported incidence of 0.4 to 5.1 per 1000 live births 
in population- based studies.1,2,7 Most infants diagnosed with OBPP 
after birth are born with a cephalic presentation by spontaneous, or 
operative vaginal deliveries.3– 5 Recent studies have demonstrated 
that most OBPP resolve spontaneously within a year. Approximately 
10%– 30% of infants with OBPP do not exhibit complete recovery 
and they demonstrate various degrees of permanent motor disabili-
ties associated with functional deficits in daily life.8 Shoulder dysto-
cia is major risk factor for OBPP. Although subjective in nature, both 
the American College of Obstetricians and Gynecologists practice 
bulletin9 and the Royal College of Obstetricians and Gynaecologists 
green guideline10 are in agreement on the definition of shoulder 
dystocia: requirement of additional obstetric maneuvers when 
gentle downward traction has failed to affect the delivery of the 
shoulders.

Current data imply that impaction of the shoulder and forceful 
downward traction applied to the head after the fetal third rota-
tion are important clinical predictors of OBPP.1,2,11,12 A randomized 
controlled study by Poujade et al13 suggested that a “push back” 
maneuver could decrease the risk of shoulder dystocia in vaginal de-
liveries. A simulation- based team- training program14 was established 
in Sweden during the period from 2006 to 2008. Systematic training 
in standard maneuvers with the use of mannequins and simulators in 
the management of shoulder dystocia in vaginal deliveries is recom-
mended to all midwives and obstetricians. This systematic training 
program, designed to reduce the risk of OBPP, is based on the clinical 
skills suggested by Advanced Life Support in Obstetrics.15

The primary aim of this population- based registry study was to 
examine the annual incidence of OBPP in vaginally delivered infants 
in a cephalic presentation, recorded in the Swedish Medical Birth 
Registry during the period 1997– 2019.

The secondary aim was to examine temporal trends in the inci-
dence of associated risk factors.

2  |  MATERIAL AND METHODS

A population- based registry study was performed using data from 
the Swedish Medical Birth Registry, where mandatory data on all de-
liveries are prospectively collected and maintained by the National 
Board of Health and Welfare. The registry includes approximately 
120 variables concerning antenatal care, delivery outcomes, and 
pediatric examinations of the newborn. The data are considered 
to be of high quality.16 The primary outcome, OBPP, was identified 
using the diagnostic codes (International Classification of Diseases, 
10th revision [ICD- 10] codes) for Erb's or Klumpke's paralysis (ICD- 10 
codes 14.0 or 14.1). Data from the Swedish Medical Birth Registry 
regarding diagnoses and correspondent ICD codes have been com-
pared with data from the original medical records and found to be 
reliable.16

For descriptive purposes, annual rates of cesarean deliveries 
in Sweden were calculated. Next, women with a cesarean delivery 
were excluded from the study so the final study cohort consisted 
of all women with singleton pregnancies and with the fetus in a ce-
phalic presentation who delivered vaginally in Sweden (1997– 2019).

The following known risk factors for OBPP1– 5 in pregnancy and 
delivery were included in the analysis: shoulder dystocia, body mass 
index (BMI) at first antenatal visit 30 kg/m2 or above, manifest or 
gestational diabetes mellitus, induction of labor, epidural analgesia, 
operative vaginal delivery and birthweight more than 4500 g. The 
definition of shoulder dystocia in Sweden is in line with international 
guidelines, “requirement of additional obstetric maneuvers when 
gentle downward traction has failed to affect the delivery of the 
shoulders”.

Conclusions: The incidence of OBPP in vaginally delivered infants in a cephalic pres-
entation at birth decreased during the period 1997– 2019 despite an increase in im-
portant risk factors including shoulder dystocia.

K E Y W O R D S
delivery, obstetric, logistic models, mode of delivery, neonatal brachial plexus palsy, obstetric 
brachial plexus palsy, risk factors, shoulder dystocia, simulation, vacuum extraction, obstetrical

Key message

The incidence of obstetric brachial plexus palsy in infants 
delivered vaginally in a cephalic presentation declined 
from 1997 to 2019 although the incidence of important 
risk factors for obstetric brachial plexus palsy increased 
during this time.
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2.1  |  Statistical analyses

Annual rates of OBPP were calculated and changes in the incidence 
rates of OBPP and associated risk factors over time were analyzed 
using univariate logistic regression and odds ratios (ORs) with 95% 
confidence intervals (CI). To examine if changes in the incidence 
of OBPP over time could be explained by contemporary changes 
in risk factors, univariate logistic regression was performed with 
OBPP as outcome and calendar period of delivery (1997– 2002, 
2003– 2008, 2009– 2014, and 2015– 2019) as exposure, using the 
first calendar period as reference. Next, multivariate logistic re-
gression was performed including appropriate risk factors, which 
were entered stepwise (one by one) and combined. All analyses 
were performed using SAS® software, version 9.4 (SAS Institute 
Inc., 2017).

2.2  |  Ethics statement

The study protocol was approved by the Gothenburg Regional 
Ethical Review Board, Gothenburg, Sweden (agreement no. 327) on 
May 24, 2016 and by the Regional Ethics Committee in Stockholm 
(approval number 2022– 01155- 02).

3  |  RESULTS

The total population of singleton infants born vaginally in a cephalic 
presentation registered in the Swedish Medical Birth Registry during 
1997– 2019 was 1 877 116.

The incidence of OBPP decreased from 3.1 per 1000 births in 
1997 to 1.0 per 1000 births in 2019 (OR 0.31, 95% CI 0.24– 0.40). 
The incidence of shoulder dystocia increased from 2.0 per 1000 in 
1997 to 3.3 per 1000 in 2019 (OR 1.64, 95% CI 1.34– 2.01; Figure 1). 
Between 2005 and 2019 the decrease in OBPP incidence occurred 

despite an increase in the incidence of shoulder dystocia (Figure 1; 
Table S1– S3).

Changes in rates of risk factors for OBPP during the study period 
are presented in Figure 2 and in Table S2. Over time, the proportion of 
women with a BMI of 30 kg/m2 or more increased (14.5% in 2019 com-
pared with 8.0% in year 1997, OR 1.96, 95% CI1.89– 2.03), more women 
underwent induction of labor (20.5% in 2019 compared with 8.6% in 
1997, OR 2.74, 95% CI 2.66– 2.83) and epidural analgesia (not presented 
in Figure 2; 41.2% in 2019 compared with 29.0% in 1997, OR 1.72, 95% 
CI 1.68– 1.75). In contrast, the proportion of infants with a birthweight 
of more than 4500 g decreased slightly over time (2.7% in 2019 com-
pared with 3.8% in 1997, OR 0.70, 95% CI 0.66– 0.74). Similarly, the 
rate of operative vaginal delivery (6.0% in 2019 compared with 8.1% 
in 1997, OR 0.72, 95% CI 0.69– 0.75) declined during the study period.

The rate of OBPP decreased during the study period 1997– 2019, 
in women with BMI of 30 kg/m2 or more, with diabetes, induction of 
labor, with epidural analgesia, and with operative vaginal delivery. 
There was a 58% decline in OBPP among infants with a birthweight 
above 4500 g (Table 1).

Univariate logistic regression revealed that the crude decrease 
in OBPP between the first (1997– 2002) and the last (2015– 2019) 
period was 61% (Table 2). In comparison, multivariate analysis, ad-
justed for macrosomia (birthweight >4500 g) and operative vaginal 
delivery, showed that the adjusted decrease in OBPP was 54%; indi-
cating that 8% ([61– 56]/61 = 8%) of the observed decrease in OBPP 
between the first and the last study period could be explained by 
decreases in the incidence of these risk factors (Table 2).

Annual rates of cesarean deliveries in Sweden during the study 
period are presented in Table S3.

4  |  DISCUSSION

There was a significant decrease in the incidence of OBPP in single-
ton fetuses, in a cephalic presentation, delivered vaginally between 

F I G U R E  1  Temporal trends in incidence (per 1000 deliveries) 
of obstetric brachial plexus palsy (OBPP) and shoulder dystocia in 
vaginal deliveries with singleton infants in cephalic presentation, in 
Sweden, 1997– 2019 (n = 1 877 116).

F I G U R E  2  Temporal trends in the incidences (%) of risk factors 
for obstetric brachial plexus palsy in vaginal, singleton, cephalic 
deliveries, 1997– 2019 in Sweden. BMI, body mass index.
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1997 and 2019. This decline occurred despite a rise in the incidence 
of the major risk factor shoulder dystocia and in BMI of 30 kg/m2 
or more, epidural analgesia, and induction of labor. Previous studies 
have shown a decline in OBPP parallel to an increase in cesarean 
section rates.6 To our knowledge, no previous population- based 
study has focused on temporal trends in OBPP in a cohort restricted 
to cephalic vaginal deliveries.

The rise in the incidence of shoulder dystocia could be a fac-
tual increase but could also be an effect of a better awareness 
and knowledge about shoulder dystocia. The diagnosis of shoul-
der dystocia is subjective, and changes in prevalence should be 
interpreted with caution. Increasing rates of shoulder dystocia 
have also been reported from Finland in an article by Heinonen 
et al.17 The authors suggest that this could be partly explained by 
the implementation of simulation- based training for shoulder dys-
tocia in 2014, resulting in improved recognition and reporting of 
this diagnosis.

In the study from Finland, the authors also noted a decline in the 
incidence of Erb's and Klumpke's palsy and suggested the decrease in 

rates of macrosomia as one potential factor driving this decrease.15 
Importantly, the incidence of this strong risk factor also decreased in 
Sweden during the study period. However, the incidence of OBPP in 
this high- risk group was 2.8% in 1997 but had decreased more than 
50% in 2019, and when adjusting for the decrease in the rate of in-
fants with macrosomia between 1997 and 2019 this did not explain 
a substantial proportion of the overall decline in OBPP.

The decrease in OBPP can have many explanations. Knowledge 
about the best method to manage shoulder dystocia has grown, as 
well as the introduction of continuous simulation- based training. 
It is beyond the scope of this study to evaluate the impact of the 
established simulation- based training programs but considering 
the decline in OBPP from 2005 and onwards and the concurrent 
increase in shoulder dystocia it cannot be ruled out that there is 
an association. These results are in agreement with previous stud-
ies6,13– 15 analyzing the relationship between OBPP and manage-
ment of shoulder dystocia. The results from these studies indicate 
that preparation of the delivery team and improved management 
of shoulder dystocia are associated with a reduced risk of OBPP in 

TA B L E  1  Annual rates n/N (%) of obstetric brachial plexus palsy in vaginal deliveries, 1997– 2019, when risk factors were present with 
odds ratios and 95% confidence intervals for differences in rates comparing 2019 and 1997

Risk factors for obstetric brachial plexus palsy

Years BMI 30+ Diabetes mellitus Induction of labor Epidural analgesia OVD
Birthweight 
4500 g+

1997 34/4631 (0.7) 12/595 (2.0) 30/5874 (0.5) 74/19 820 (0.4) 67/5530 (1.2) 73/2614 (2.8)

1999 24/5151 (0.5) 6/702 (0.8) 26/6098 (0.4) 55/18 300 (0.3) 47/5336 (0.9) 51/2522 (2.0)

2001 35/5528 (0.6) 7/850 (0.8) 24/6549 (0.4) 74/19 175 (0.4) 57/5987 (1.0) 60/2703 (2.2)

2003 41/6676 (0.6) 23/1019 (2.3) 43/7564 (0.6) 100/21 638 (0.5) 85/7213 (1.2) 80/2927 (2.7)

2005 32/7120 (0.4) 13/883 (1.5) 23/8225 (0.3) 62/22 749 (0.3) 52/7455 (0.7) 49/2723 (1.8)

2007 36/7882 (0.5) 11/1134 (1.0) 30/9357 (0.3) 62/24 274 (0.3) 48/7964 (0.6) 54/2518 (2.1)

2009 33/8678 (0.4) 11/1212 (0.9) 26/10 109 (0.3) 58/26 231 (0.2) 41/7958 (0.5) 33/2849 (1.2)

2011 28/9615 (0.3) 6/1372 (0.4) 27/11 585 (0.2) 51/28 951 (0.2) 27/7652 (0.4) 47/2850 (1.6)

2013 41/10048 (0.4) 11/1350 (0.8) 39/12 629 (0.3) 61/29 833 (0.2) 38/6892 (0.6) 43/2781 (1.6)

2015 29/10 841 (0.3) 7/1849(0.5) 19/14 259 (0.1) 45/32 028 (0.1) 32/6375 (0.5) 38/2813 (1.4)

2017 33/11 843 (0.3) 17/1826 (0.9) 46/16 050 (0.3) 69/33 882 (0.2) 35/5594 (0.6) 31/2844 (1.1)

2019 23/12 523 (0.2) 16/3611 (0.4) 34/18 542 (0.2) 50/37 285 (0.1) 25/5404 (0.5) 29/2455 (1.2)

OR (95% CI) 2019 
vs 1997

0.25 (0.15– 0.42) 0.22 (0.10– 0.46) 0.36 (0.22– 0.58) 0.36 (0.25– 0.51) 0.38 (0.24– 0.60) 0.42 (0.27– 0.64)

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio; OVD, operative vaginal delivery.

TA B L E  2  Crude and adjusted odds ratios, adjusted for changes in rates of fetal birthweight greater than 4500 g and operative vaginal 
delivery, with 95% confidence intervals for the association between calendar period and obstetric brachial plexus palsy

Adjustments
1997– 2002  
OR (95% CI)

2003– 2008  
OR (95% CI)

2009– 2014  
OR (95% CI)

2015– 2019  
OR (95% CI)

Crude 1.00 (ref) 0.71 (0.65– 0.77) 0.48 (0.44– 0.53) 0.39 (0.35– 0.43)

OVD 1.00 (ref) 0.69 (0.64– 0.75) 0.48 (0.44– 0.53) 0.42 (0.38– 0.46)

Fetal birthweight >4500 g 1.00 (ref) 0.74 (0.68– 0.81) 0.51 (0.46– 0.56) 0.42 (0.38– 0.47)

OVD + fetal birthweight >4500 g 1.00 (ref) 0.72 (0.66– 0.79) 0.51 (0.47– 0.56) 0.46 (0.41– 0.51)

Abbreviations: CI, confidence interval; OR, odds ratio; OVD, operative vaginal delivery.
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infants. A 2018 study by Dahlberg et al14 from Linköping, Sweden 
reported a lower incidence of OBPP in vaginal deliveries after the 
introduction of simulation- based shoulder dystocia training in ac-
cordance with Advanced Life Support in Obstetrics.15 Knowledge 
of the regional anatomy of the brachial plexus is fundamental for 
midwives and obstetricians to understand the maneuvers that in-
crease or decrease the risk of OBPP in infants delivered vaginally in 
a cephalic presentation.14,18,19

It could be argued that parts of the decrease in OBPP in vaginal 
deliveries over time could be the result of an increasing rate of cesar-
ean delivery in Sweden. However, the rise in cesarean delivery rates 
in Sweden has not been at the same pace as in other high- income 
countries and after 2004 the rate has been stable (17%), coinciding 
with the decrease in OBPP. This indicates that an increasing cesar-
ean rate is unlikely to explain the decline in OBPP. Also, this decreas-
ing trend in OBPP was not only found in the whole study cohort 
but also in subgroups of women with strong risk factors present for 
OBPP. This indicates that the overall decrease in OBPP was not pri-
marily the result of a decrease in important risk factors but rather an 
effect of clinical variables not included in our analysis.

Our study has several strengths. Firstly, the large sample size 
of more than 1.4 million cephalic vaginal deliveries, including vir-
tually all deliveries in the Swedish population during the study pe-
riod, allowed us to report changes in the incidence of OBPP over 
time and its relation with associated risk factors. A limitation of this 
population- based study is the retrospective design. However, as 
OBPP is a rare condition, a randomized trial to examine the effects 
of the implementation of a training program is not feasible.

5  |  CONCLUSION

There was a decreasing temporal trend in the incidence of OBPP in 
vaginally delivered singletons in Sweden. This occurred despite an 
increasing trend in shoulder dystocia and in risk factors including 
BMI at first antenatal visit of 30 kg/m2 or above, manifest or gesta-
tional diabetes mellitus, induction of labor, and epidural analgesia. 
The results from our study indicate that it has been possible to lower 
the incidence of OBPP in vaginal deliveries.
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