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Abstract

Background

The incidences of spine fractures and fusion surgeries have increased. A few studies have
reported an increased rate of caesarean sections (CS) in women who have undergone
spine surgery but have not reported on the health of neonates.

Objective

We report the incidence of spine fractures, spine fracture surgeries and fusion surgery for
other reasons and the effect of these injuries and procedures on later pregnancy outcomes
in Finland.

Methods

Data on all fertile-aged women (1998-2018) who had undergone spine fracture or spine
fusion surgery were retrieved from the Care Register for Healthcare and combined with
data from the National Medical Birth Register. Women with spine fracture or spine surgery
before pregnancy were compared with women without previous spine fracture or surgery.
We calculated incidences of spine fracture, spine fracture surgery and fusion surgery for
other reasons with 95% confidence intervals (Cl). We used multivariable logistic regres-
sion to evaluate CS and neonatal health. Results are reported as adjusted odds ratios
(AOR).

Results

The main finding of our study was the increasing incidence (156%) of spine fusion surgeries
for other reasons in fertile-aged women. A total CS rate (including elective and unplanned
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CS) in the spine fracture group was 19.7% (AOR 1.26, Cl 1.17-1.34), in fusion surgery for
other reasons group 25.3% (AOR 1.37, Cl 1.30—1.49) and 15.9% in the control group. The
rate for neonates requiring intensive care in the spine fracture group was 12.2% (AOR 1.18,
CI11.08-1.29), in fusion surgery for other reasons group 13.6% (AOR 1.12, Cl 1.02—1.23)
and 10.0% in the control group.

Conclusions

The incidence of fusion surgery for other reasons increased during our study period. The
rate of CS was higher in women with preceding spine fracture or fusion surgery. Our results
suggest that vaginal delivery after fractures of the spine is both possible and safe for mother
and neonate.

Introduction

Fractures of the spine are typically caused by high-energy trauma and usually occur anatomi-
cally at the junction of the thoracic and lumbar spine (Thoracic vertebrae 10-12) [1]. Accord-
ing to the literature, the most common cause of spine fractures in younger patients is falling
from height, followed by traffic collisions/accidents and high impact sports. The majority of
these high energy spine fractures in younger patients are in the thoracic or lumbar vertebrae
[2].

In Finland, the incidence of spine fractures leading to hospitalisation in all patients older
than 20 years increased from 57/100 000 person-years in 1998 to 89/100 000 person-years in
2017. Furthermore, a corresponding increase was also observed in the incidence of spine frac-
ture surgeries (from 5.3/100 000 to 8.8/100 000 person-years). Among women, the rate of
spine fracture surgeries increased by 147% during the same period [3]. In addition to spine
fracture surgery, scoliosis surgery is a more common procedure in younger adults and teenag-
ers. According to von Heideken et al., the annual incidence of scoliosis surgery in Sweden
between 2000 and 2013 was estimated to be 12.5/100 000 person-years, with a rapidly increas-
ing trend among women [4].

Moreover, anterior spinal surgery or scoliosis surgery affected the mode of delivery and
increased the number of caesarean sections (CS) and led to more frequent preterm deliveries
when compared to the population without operation [5-7]. Furthermore, patients who
undergo spine surgery have been reported to sustain higher rates of complications related to
pregnancy and delivery. A previous small local study reported unchanged delivery rates and
neonatal health after surgically treated scoliosis [5].

In Finland, incidences of spine fractures or major surgical spine operations for the whole
population have been extensively studied. There is, however, a scarcity of studies on the effects
of spine fractures or surgical spine operations on reproductive health, although a few small
studies have investigated the effects on delivery and the health of the neonate [5, 7]. This lack
of information on the effects of spine fractures and surgeries on the reproductive health of fer-
tile-aged women makes the study of the incidence of spine fractures and surgeries and subse-
quent pregnancies after spine fracture or surgery of the utmost importance.

The aim of this nationwide register study was therefore to report the incidence of spine
fracture, spine fracture surgery and fusion surgery for other reasons in fertile-aged females and
to investigate their impact on pregnancies and deliveries.
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Methods

In this nationwide register-based study, we combined data from two national registers—the
Care Register for Healthcare and the National Medical Birth Register (MBR). The quality and
coverage of both registers is high [8-10]. Both registers are maintained by the Finnish Institute
for Health and Welfare. Data on all deliveries and neonates were collected from the MBR,
which contains information on all pregnancies, delivery statistics and the perinatal outcomes
of births with a birthweight of >500 grams or a gestational age of >22*° [11]. Data from both
registers were then combined by using the pseudonymised identification number of the
mother. The study period was from 1998 to 2018.

We differentiated three groups of problems related to the spine-spine fracture, spine frac-
ture surgery and fusion surgery for other reasons. Spine fracture was defined as a hospitalisa-
tion period with spine fracture ICD-10 codes. All fertile-aged (15-49 years) women with a
spine fracture were included. For each patient, the first spine fracture diagnosis per patient
was classified as a separate spine fracture. This was important as the control appointments
for the fracture could occur after a long period, and thus make it impossible to identify any
new fractures during subsequent hospitalisation periods recorded in the Care Register for
Healthcare. Those patients who underwent spine fracture surgery or fusion surgery for other
reasons were included based on the operation codes of the Nordic version of the NOMESCO
(Nordic Medico-statistical Committee, Finnish version approved by the Finnish Institute for
Health and Welfare) classification. Women who underwent spine fusion surgery in a hospi-
talisation period with a spine fracture diagnosis were identified as fracture surgery patients.
The spine fracture diagnosis codes and operation codes included in this study are presented
in S1 Table.

Women with a spine fracture prior to delivery formed the fracture group, which was then
categorized into operated and non-operated fracture patients. A total of 1371 women with
2301 singleton deliveries were identified in the group of women with previous spine fracture.
Of these, 734 women with 1234 deliveries suffered a fracture in lumbar spine. Conservatively
treated fracture patients (1329 women with 2224 singleton deliveries) and surgically treated
fracture patients (42 women with 77 singleton deliveries) were analysed separately. For clar-
ity, they are presented together as the fracture group in tables, and only remarkable findings
have been presented separately. Women with fusion surgery for other reasons included 416
women with 632 singleton deliveries. Of these, 206 women with 309 deliveries had a fusion
surgery for other reasons in lumbar spine. The control group consisted of 620 093 women
who had 1 154 469 singleton deliveries without a preceding spine fracture, spine fracture sur-
gery or fusion surgery for other reasons (Fig 1). Deliveries with missing information on the
mode of delivery were excluded. In this study, each non-elective caesarean section (CS) is
considered an unplanned CS. The results of this study are reported according to the STROBE
guidelines [12].

Ethics

Both the National Medical Birth Register (MBR) and the Care Register for Healthcare had the
same unique pseudonymised identification number for each patient. The pseudonymisation
was made by the Finnish data authority FINDATA, and the authors did not have access to the
pseudonymisation key, as it is maintained by FINDATA. In accordance with Finnish legisla-
tion, no informed written consent was required because of the retrospective register-based
study design and because the patients were not contacted. Permission for the use of this data
was granted by FINDATA after evaluation of the study protocol (Permission number: THL/
1756/14.02.00/2020).
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Fig 1. Flowchart of the study population. Data from the MBR were combined with data on the diagnosed spine
fractures and spine operations recorded in the Care Register for Healthcare.

https://doi.org/10.1371/journal.pone.0272579.g001

Statistics

Continuous variables were interpreted as mean with standard deviation or as median with
interquartile range based on distribution of the data. Categorized variables were presented as
absolute numbers and percentages. Student’s t-test, Mann-Whitney U-test and Chi squared
tests were used for group comparisons. Statistical tests were used to compare separately patient
groups (spine fracture and fusion surgery for other reasons group) to control group. P-value
under 0.05 was considered statistically significant. The multivariable logistic regression model
was used to access the primary outcomes (mode of delivery and neonatal health). The model
was used separately for fracture patients and patients with fusion surgeries for other reasons.
When using the model, the other group were excluded from the data, as it would otherwise
occur as part of the control group and cause distortion in the results. As lumbar spine is
anatomically located near the reproductive system and therefore the effects of traumas and
surgeries on this area on pregnancy and delivery are of great interest, we analysed fractures
and surgeries in lumbar spine separately from thoracical and cervical spine. The need for
intensive care for the neonate was used as an indicator for neonatal health in logistic regression
analysis. Maternal smoking during pregnancy and maternal diabetes during pregnancy were
used as adjusting variables. Odds ratios (OR) and adjusted odds ratios (AOR) with 95 confi-
dence intervals (CI) were calculated for the main outcomes. Crude OR were included in the
study because of the unreliability of the maternal diabetes variable in the data. Adjustments
were made by choosing the variables for the multivariate model using directed acyclic graphs
(DAGsS) constructed using the free online software DAGitty (dagitty.net). The variables
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included in the DAGs were chosen based on known risk factors and the hypothesised causal
pathways. The DAGs are presented as a supplementary file (S1 and S2 Figs). Statistical analysis
was performed using R version 4.0.3.

Results
Spine fractures and spine fracture surgery

A total of 14 006 women with a spine fracture or who underwent fusion surgery for other rea-
sons were identified from the Care Register for Healthcare. A total of 6374 women had a spine
fracture during the study period. The incidence of spine fracture hospitalisation increased
slightly during our study period from 24.3 per 100 000 person-years in 1998 to 28.7 per 100
000 person-years in 2018. However, the incidence of spine fracture surgery remained stable
during this period (Fig 2A).

Fusion surgery for other reasons

A total of 416 fusion surgeries for other reasons prior to delivery were identified. The inci-
dence of fusion surgeries for other reasons increased more than twofold from 17.6 per 100 000
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Fig 2. A.Incidence of spine fractures and spine fracture surgeries with 95% confidence intervals among fertile-aged
(15-49 years) women during the study period. B. Incidence of fusion surgeries for other reasons with 95% confidence
intervals among fertile-aged (15-49 years) women during the study period.

https://doi.org/10.1371/journal.pone.0272579.9002
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Table 1. Background characteristics of women having singleton pregnancies in the patient groups and control group.

Fracture group Fusion surgery group Control group
Total number 2301 632 1154 469
n % n % n %
Age at birth (years, mean SD) 29.4 (4.7) 30.6 (6.2) 29.7 (5.4)
Nulliparous 1060 46.1 274 43.4 477 595 41.4
Previous C-section 241 10.5 99 15.7 124013 10.7
Smoking during pregnancy 625 27.2 114 18.0 168 633 14.6

https://doi.org/10.1371/journal.pone.0272579.t001

person-years to 46.3 per 100 000 person-years (Fig 2B). Anterior fusion of the cervical spine
without fixation (38%) and posterior fusion of the lumbar spine with fixation (21%) were the
most common operations during the study period, with scoliosis being the most typical reason
for these operations. The mean age of the women undergoing the operation NAG 53 (Poste-
rior or lateral fusion of thoracic spine with fixation, more than 3 vertebrae) had a notably
lower mean age (19.1) than any other operation (S2 Table).

Pregnancies and deliveries

Compared to patients without a previous spine fracture or fusion surgery, the rate of nullipa-
rous women was higher in the fracture group (46.1%, p < 0.001) and the fusion surgery group
(43.4%, p < 0.001). In the fracture group, a higher percentage of women smoked during preg-
nancy (27.2%, p < 0.001), whereas only 14.6% of women in the control group smoked

(Table 1).

AOR for CS in the spine fracture group was 1.26 (CI 1.17-1.34), and the need for intensive
care treatment for the neonate was 1.18 (CI 1.08-1.29). Among women with fusion surgery for
other reasons, the AOR for caesarean sections was 1.39 (CI 1.30-1.49), and the need for inten-
sive care treatment for the neonate was 1.12 (CI 1.02-1.23). When comparing only patients
with fracture or fusion surgery for other reasons in lumbar spine, the AORs were similar com-
pared to the AORs of the whole spine. (Table 2)

Patients with spine fracture or fusion surgery without fracture had a slightly higher rate of
elective CS when compared to control group (9.5% and 13.1% vs 6.6%, p < 0.001 for both).
After excluding elective CS, unplanned CS was on the same level in the fracture group (*'.3%,
p = 0.032) and higher in the fusion surgery group (14.0%, p < 0.001), when compared to the
control group (9.9%). In the same analysis, including only primipara and women without pre-
vious CS, the rates of unplanned CS were 15.5% (p < 0.001) in the fracture group, 17.2%

Table 2. Univariable and multivariable logistic regression interpreted as odds ratios (OR) with 95% confidence intervals (CI) for the main variables. Both groups
were compared with the control group. Also, patients with fracture or surgery in lumbar spine (L) were compared with control group separately. The models were adjusted
by maternal smoking and diabetes during pregnancy.

Caesarean section (fracture

group)

OR (95% CI)
Univariable 1.27 (1.17-1.36)
Adjusted 1.26 (1.17-1.34)

Univariable 1.35(1.22-1.48)
(L)
Adjusted (L) | 1.34 (1.21-1.48)

Neonatal intensive care (fracture | Caesarean section (Fusion surgery |Neonatal intensive care (Fusion surgery

group) group) group)

OR (95% CI) OR (95% CI) OR (95% CI)
1.23 (1.12-1.35) 1.38 (1.28-1.48) 1.14 (1.04-01.25)
1.18 (1.08-1.29) 1.39 (1.30-1.49) 1.12 (1.02-01.23)
1.27 (1.13-1.44) 1.46 (1.30-1.65) 1.27 (1.09-1.48)
1.23 (1.09-1.39) 1.49 (1.32-1.68) 1.26 (1.08-1.16)

* L meaning only patients with fractures or fusion surgery for other reasons in the lumbar spine.

https://doi.org/10.1371/journal.pone.0272579.t002
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Table 3. Proportions of obstetric variables in attempted vaginal deliveries (without elective CS) of the fracture patient groups and the control group. Elective CS
was the intended mode of delivery in 218 (9.5%) of all deliveries in fracture group, 83 (13.1%) in fusion surgery for other reasons group and 76 478 (6.6%) in control

group.
Fracture group Fusion surgery group Control group
Total number (without elective CS) 2083 549 1077 991
n % n % n %
Mode of delivery
spontaneous vaginal delivery 1630 78.3 411 74.9 873 485 81.0
Instrumental vaginal delivery 217 10.4 61 11.1 97 666 9.1
unplanned CS 236 11.3 77 14.0 106 844 9.9
Labour analgesia
epidural 1000 48.0 257 46.8 469 166 43.5
spinal 342 16.4 79 14.4 122 797 11.4
spinal + epidural 58 2.8 14 2.6 13 600 1.3
paracervical 414 19.9 128 23.3 188 203 17.5
pudendal 192 9.2 48 8.7 67 331 6.2

https://doi.org/10.1371/journal.pone.0272579.t003

(p < 0.001) in the fusion surgery for other reasons group and 14.2% in the control group. Epi-
dural and spinal anaesthesia were more common among patients with fracture or fusion sur-
gery when compared to control group (p < 0.001 for both) (Table 3). In addition, pudendal
and paracervical analgesia were slightly more common in these groups (p < 0.001). Labour
analgesia showed a larger proportional increase in the fracture patients and fusion surgery
patients groups when compared to the control group (p < 0.001). (Table 3).

Neonatal health

Perinatal mortality or problems related to the health of the neonate (1-minute Apgar under 6,
delivery related asphyxia, need for phototherapy) were not more common in the fracture
group or the fusion surgery for other reasons group. However, a higher proportion of neonates
born to women in the spine fracture and fusion surgery for other reasons groups needed inten-
sive care compared to the control group (12.2% and 13.6 vs 10.0%, p < 0.001). (Table 4).

Comment

The main finding of our study was the increasing incidence (156%) of spine fusion surgeries
for other reasons in fertile-aged women. The incidence of spine fractures, however, remained

Table 4. Perinatal characteristics and outcomes in the patient groups and the control group.

Total number

LBW* < 2500g

Preterm < 37 + 0 gestational weeks
Perinatal mortality**

1 minute Apgar score < 6
Neonatal intensive-care unit

Discharged from hospital during the first week

*LBW = low birthweight.

Fracture group Fusion surgery group Control group
2301 632 1154469
n % n % n %
80 3.5 24 3.8 34 402 3.0
115 5.0 46 7.3 53019 4.6
9 0.4 5 0.8 6158 0.5
333 14.5 85 13.4 157131 13.6
281 12.2 86 13.6 115 558 10.0
2143 93.1 589 93.2 1084 983 94.0

**perinatal mortality includes still births and deaths before the age of seven days

https://doi.org/10.1371/journal.pone.0272579.t004
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nearly unchanged during the study period. Moreover, women with spine fracture or spine
fusion surgery for other reasons had higher rates of elective and unplanned CS, but neonatal
health was not importantly impaired in either group.

In a recent study on the incidence of spine fracture and spine fusion surgeries in all patients
older than 20 years in Finland (1998-2017), the increase was evaluated to be approximately 65%
[3]. When compared to this finding, the proportional increase in elective fusion surgery in fer-
tile-aged women was higher in the present study. The exact reason for this increase is unknown,
but the rapidly increasing incidence of scoliosis [4] might be one probable explanation for this
finding. In addition, based on our results the incidence of spine fracture surgery remained stable
in fertile-aged women, which possibly indicates that the increase observed in previous study is
mostly due to increase in the older age groups. The previous study also reported that the
increase in the whole population was highest in patients over 60-years of age (400%) [3].

Elective and unplanned CS were more common in the fracture and spine fusion surgery
groups. In addition, the risk for elective and unplanned CS among patients with fracture or
fusion surgery in lumbar spine increased slightly. However, vaginal delivery was possible in
most cases. In addition, the need for intensive care for the neonates was little higher in fracture
and fusion surgery for other reasons group, but the clinical importance of this remains unclear.
Adjusting the models with smoking status and maternal diabetes decreased the AORs for cae-
sarean section and impaired health of neonate, meaning that these have most likely effect on
these outcomes in fracture group and fusion surgery for other reasons group, but aren’t an
explanation alone. Elective CS rate was two times higher in the spine fusion surgery for other
reasons group. This increase is notable because in Finland the indication for CS is always con-
sidered carefully between patient and physician. The combined elective and unplanned CS
rate in Finland is reported to be 16% [13]. In our study, however, the rate of CS in spine frac-
ture and spine fusion surgery patients is lower than in most Western countries [14]. In a study
in the United States, the incidence of elective CS after spine surgery was reported to be 37%
[7], which is three times higher than the incidence in our results. These results raise questions
about the reasons behind the higher rate of elective CS in patients with spine fracture or fusion
surgery, as we did not observe neonatal health to be importantly impaired. Although CSisa
fast and relatively safe operation and has played a remarkable role in decreasing mortality in
neonates, many disadvantages for the mother and neonate following the operation have been
reported. In neonates born by CS, an increased risk for asthma, obesity, and poorer cardiore-
spiratory health in later life has been reported [15-17]. For mothers, CS has been associated
with shorter breastfeeding duration, future subfertility and complications related to future
pregnancies [18-21]. Further, these results should be acknowledged by the patient, the obste-
trician and the orthopaedic consultant when considering the necessity for elective CS, as vagi-
nal delivery appears still to be safe delivery method. In the present study, the rate of unplanned
CS was higher among patients in the fusion surgery for other reasons group. The exact reason
for this remains unclear, as no such increase was found in the fracture group. However, there
was a higher proportion of nulliparous women in the fusion surgery group, and the women in
this group had higher rates of previous CS, which could partly explain the higher rate of elec-
tive and unplanned CS. In addition, a slightly higher rate of preterm deliveries in this group
could affect the rate of unplanned CS. Another possible explanation might be the awareness of
previous spine fusion surgery, which may lower the threshold for the obstetrician to convert
the trial of labour to CS. Additionally, some women with a recorded unplanned CS may
already have planned an elective CS, but because the labour began early, the planned elective
CS was recorded as an unplanned CS. Further, the rate of instrumental vaginal deliveries was
higher in the fusion surgery for other reasons group, which could possibly indicate a more
challenging vaginal delivery after fusion surgery.
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A study with a small number of patients concluded that spinal cord injury did not have a
negative effect on the health of neonates [22], but there is little information about the effects of
spinal trauma or surgery on neonatal health. Even though women who previously underwent
fusion surgery had a higher rate of preterm deliveries, our results suggest that a previous spine
fracture or fusion operation does not have a clinically relevant negative effect on the health of
the neonate. Indeed, the slightly higher percentages of neonates in need of intensive care
might partly be explained by the higher proportional number of CS and preterm deliveries in
these groups. However, no clinically important difference was found between the groups in
any of the neonatal health indicators.

Interestingly, the rates of labour analgesia provided by anaesthesiologists in the fracture
group and the fusion surgery group were remarkably higher when compared to the control
group. The literature documenting the management of labour analgesia after spinal surgery or
spine fracture is limited to only a few studies with small study populations. According to this
quite limited literature, the main problems for the anaesthesiologist are the difficulties associ-
ated with performing the procedure. These difficulties include the inability to identify the epi-
dural space, multiple attempts before catheter insertion, vascular trauma, subdural local
anaesthetic injection and accidental dural puncture [23]. Based on our results it appears that
the rates of labour analgesia was higher in fracture group and fusion surgery for other reasons
group. In our study, however, any possible complications during or after anaesthesia remain
unknown, as this information is not recorded in the MBR, making it impossible to draw con-
clusions about the success rate of labour analgesia after spine fracture or surgery. However,
current understanding is that epidural analgesia does not raise the risk for CS or instrumental
vaginal delivery [24, 25]. One possible explanation for higher rates of labour analgesia in the
fracture or fusion surgery group might be the decreased mobility and possible decreased flexi-
bility of the spine, which could create the need for greater pain relief.

The strength of our study is the large nationwide study population with a long study period,
enabling the proper analysis of such rare events. The register data we used in our study are
routinely collected using structured forms with nationwide instructions, which ensures the
good coverage and reduces possible reporting and selection bias [13]. Therefore, the coverage
and validity of both registers included in this study are high [10]. The advantage of our study
compared to previous studies is the large national research material in a country with uniform
delivery-related guidelines and attitudes.

The main limitation of our study is the missing clinical information on fractures and other
spine diseases (i.e., radiological findings or pelvimetric examination results). As this informa-
tion is not recorded to the registers, we could only use ICD-10 coding. Further, the contents of
the birth register were updated in 2004 and 2017, and 5-minute Apgar scores, durations of
labour stages, body mass index and the chronic disease diagnosis of the mother were only
included after 2004. Therefore, these were not analysed in our study. Furthermore, since cases
of CS were classified as elective or urgent prior to 2004, we have used the same classifications
in the present study instead of the elective, urgent and emergency classifications. Also, the
indications behind CS are not registered in the MBR, which means that the indications for
elective CS, such as had the patient planned an elective CS or attempted vaginal delivery before
unplanned CS, remain unknown.

Conclusions

Based on the findings of the present study, the incidence of fusion surgery for other reasons
had a strongly increasing trend during our study period. The proportion of CS was higher in
the spine fracture or fusion surgery for other reasons group when compared to the women (in
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control group) without spine fracture or operated spine. Moreover, the need for intensive care
for neonates born to mothers who underwent spine fracture or fusion surgery for other rea-
sons before pregnancy was little higher, but the clinical importance of this remains unclear.
However, our results suggest that vaginal delivery after fractures of the spine is both possible
and safe for mother and neonate. These findings could further encourage obstetricians and
women with a previous spine operation or fracture to consider the vaginal delivery approach.
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