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Abstract
Background. Suicide is a major problem worldwide, and jumping from a height is a common suicide method in Europe and
Germany. This method primarily results in severe spinal fractures. As a maximum-care hospital in Berlin, we observed an
increase in severe spine fractures due to suicidal jumping.

Objective. To describe the characteristics of these fractures in suicidal jumpers compared to non-suicidal individuals and
analyse their association with the COVID-pandemic.

Method. We extracted the chart data of patients who suffered severe spine fractures (from thoracic vertebra 1 to lumbar
vertebra 5) due to trauma and who were treated surgically in our centre between 01 January 2015 and 31 May 2021.

Results. Seventy-one patients were included in the study. Suicidal jumpers were about 11 years younger (p = 0.008) and more
likely to be female (relative risk= 1.3, p = 0.47). The two groups differed in their initial haemoglobin values (mean difference=
two g/dl, p <0.001). The lumbar region was twice as affected in suicidal jumpers (p = 0.02). Before the COVID-lockdown
within 63 months, there were 19 suicide cases and 38 non-suicidal cases. After COVID-lockdown within 14 months, 11
suicidal cases vs only three non-suicides resulted in a ratio of 2.57 (p-value<0.001). There were no signi�cant differences in
radiological and clinical outcomes.

Conclusions. Spine fractures in suicide jumpers differ from those in non-suicide jumpers in terms of age, initial haemoglobin
level, and spine region. These fractures have increased signi�cantly in Berlin since the COVID lockdown. Surgical treatment of
these fractures provided the same results in both groups.

Feasibility And Pilot Study
This study aims to investigate a hypothetical association between COVID-pandemic and suicide spine injuries. It is a pilot
and explorative study for testing hypothesis and to determine a sample size and to �nd the places of shortcomings in future
similar studies.

Introduction
Suicide is a major problem worldwide and is the fourth leading cause of death [1, 2]. Different methods of suicide have been
described, with jumping from a high place ranked in some countries as the �rst suicide method [3, 4]. There were more than
15 000 cases of jumping suicide in the German population between 2004–2005 [4]. The main and most drastic injury caused
by suicide jumping is an injury to the spine, especially in the thoracic or lumbar region [1, 3, 5]. This type of injury is mainly
caused by a fracture of one or more vertebrae. This injury can result in neurological disability, complicated by further
psychosocial problems [6]. Since the COVID-pandemic, there have been concerns that social isolation and lockdown
measurements negatively in�uence psychological and mental health, especially in the young population [7]. In Berlin, the city
with the highest suicidal tendencies in Germany [8], this method of suicide could have increased since the COVID lockdown
on 22 March 2020 as in other German-speaking countries [9].

Hence, the incidence of associated spine fractures could also have increased. These fractures' resulting medical, social, and
economic burden is very high because most injuries occur in young adults, affecting their primary productive years [10]. Thus,
the appropriate management of these injuries is of high priority. This type of suicidal injury has only been fully described in
non-European populations or with an insu�cient sample size in the medical literature [3, 5].

In the German population, the only report dated back to the last century, with no details about surgical treatment and follow-
up outcomes [11].
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As a maximum care hospital and a supra-regional trauma centre, we recently observed severe spine fractures due to suicidal
jumps from great heights. Therefore, because of the rising concern regarding the deterioration of public mental health during
the COVID pandemic, this study aimed to analyse its association with severe spine fractures caused by suicidal jumping and
describe these patients in comparison with non-suicidal cases. This study also described the different surgical approaches
and techniques applied to treat this type of injury using radiological, operative, and clinical outcomes.

Methods
Patients selection

We retrospectively reviewed the charts of all patients treated surgically in our supra-regional maximal care trauma centre,
Vivantes Klinikum im Friedrichshain in Berlin, for traumatic spine fractures between 01 January 2015 and 31 May 2021. We
used two ICD-10 codes (S22.0 and S32.0) to search for eligible patients in our database. The patients were included
according to the following eligibility criteria:

1. The patient had a spine fracture at any vertebra, from the �rst thoracic (T1) to the last �fth lumbar (L5).
2. Only fractures were diagnosed after speci�ed date of trauma (tra�c accidents, falling from a height, or other types of

acute traumatic injuries).
3. No age restriction was stated.
4. Only patients who were surgically treated either by dorsal stabilisation alone or with ventral augmentation in two

different sessions (�rst dorsal and then augmented with ventral fusion) were included.
5. Patients with cervical and pathological fractures (due to tumour, osteoporosis, or metastasis) were excluded.

After searching for and including eligible patients, 14 data items related to baseline characteristics were extracted into an
Excel spreadsheet, and all other data items were related to outcome measurement. Appendix I provides a complete list of
data items and their descriptions.

Outcomes measurement

Two doctors independently assessed radiological outcomes. These consisted of the sagittal index (SI) measured using the
method of Farcy [12], the loss of vertebral height index (LVH) estimated using the method of Keene [13]. Brie�y, each doctor
measured and evaluated the radiological outcomes in the computer topographies (CT) or X-rays of the patients independently
and entered the measurements into the dataset blindly from another doctor. The SI was calculated as the absolute value of
the angle of kyphotic deformity at the fractured motion segment level minus the normal contour values (5° in the thoracic, 0°
at the thoracolumbar junction, and − 10° in the lumbar region) so that the SI of zero is the normal perfect alignment. Any
deviation (either less or greater than zero) was entered as the absolute value to obtain a uni�ed scale for all spinal regions
[12]. Figure 1a shows an example of SI measurement. LVH was calculated as the ratio of the anterior height of the injured
vertebrae to the mean anterior height of the two adjacent intact vertebrae. An LVH of 1 is the standard perfect height, and any
value less than that is pathological. The lower limit of LVH was zero [13]. Figure 1b shows an example of an LVH
measurement. Both SI and LVH were measured at four-time points: at baseline (in the initial CT or X-ray at presentation), after
dorsal surgical treatment, after ventral fusion (if available), and then at follow-up with a minimum of 3 months.

The time of surgery was calculated in minutes and extracted electronically from the surgery documentation.

The pain was assessed using the visual analogue scale ( from 0 = no pain to 10 = extreme pain) extracted from the chart
documentation. The pain was also recorded at four-time points: at baseline, after dorsal stabilisation, after ventral fusion, and
�nally at the follow-up (at least three months). Complications were considered any postoperative complications related to
surgical treatment, as documented in the patient's chart.

Patients' grouping
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Comparisons related to the aetiology of the injury grouped the patients into two groups: patients with fractures due to suicide
jumping and those with fractures due to all other causes (suicide jumpers vs non-suicide). According to the type of surgical
approach used, there were the following groups: dorsal short-segment stabilisation (where only two vertebral segments were
stabilised with pedicle screws), dorsal long-segment (where more than two vertebral segments were stabilised with pedicle
screws), open dorsal stabilisation (where the placement of pedicle screws was through conventional open surgery),
percutaneous dorsal stabilisation (where the placement of pedicle screws was through minimally invasive percutaneous
surgery), dorsal stabilisation alone (any dorsal approach); and combined approach (dorsal stabilisation + ventral fusion) in
two sessions.

Statistical analysis
Continuous variables were presented as mean ± standard deviation (SD) when normally distributed and median and
interquartile range (IQR) when skewed. Binary variables are presented as numbers or percentages. We used the t-test or linear
regression for continuous baseline characteristics and Fisher's exact test or logistic regression for binary variables. The SI,
LVH, and pain analyses were conducted using mixed-effects regression modelling, suitable for analysing data with repeated
measurements and missingness. The analyses were adjusted for the baseline values of the outcomes, and the mean SI and
LVH values between the two doctors were used. A Poisson regression model was used to analyse misplaced pedicle screws
and complications (both count data). The P-value was set at 0.05. All statistical calculations were performed using StataCorp
software. 2020. Stata Statistical Software: Release 17. College Station, TX, StataCorp LLC.

Results
Demographic and baseline results

Under the used codes (ICD-10 S22.0 and S32.0), we identi�ed 135 patients between 01 January 2015 and 31 May 2021.
Sixty-four patients were ineligible (not traumatic fractures or non-surgically treated). Figure 2 shows the �ow chart of the
patients according to the cause of injury and surgical approach. Seventy-one patients (29 women vs 42 men) with a median
age of 38 (IQR 16–72) were included. The median follow-up time was four months (IQR 3–17). Follow-up data were only
available for 31 patients.

In comparing the cause of the injury, 30 suicide jumpers and 41 patients with non-suicidal genesis (falling, tra�c accidents,
and other trauma). Table 1 shows the demographic characteristics of the two groups with their differences.

There was no signi�cant difference regarding gender; however, the female sex was more common in the suicide group with a
relative risk of 1.3 (95% CI from 0.7 to 2, p-value = 0.47).

The suicidal group was 11 years younger, with a mean difference of 11 years (95% CI: 3–19 years; p = 0.008).

The lumbar region was affected twice as much in the suicidal group, with a relative risk of 2 (95% CI: 1.2 to 3.3, p-value = 
0.02). The vertebrates L1 and T12 were the most affected in the whole cohort. Figure 3 shows the distribution of the fractures
per vertebra.

Regarding fracture severity, we used the AO classi�cation to group injuries. There were no signi�cant differences in the
fracture types; however, most of the included patients in the two groups had compression fractures of the A-type (A3 and A4).

Another statistically signi�cant �nding was the initial haemoglobin, 2 g / dl less in the suicidal group with 95% CI from 0.9 to
3 and p-value < 0.001.

The day of the injury also differed between the two groups, where more suicide cases were reported in the early morning
hours (from 0 am to 7 am) (see Table 1). In contrast, more non-suicide cases were presented from the evening until night
(from 5 pm to 0 am) (see Table 1).
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Regarding the day of the injury, 24 suicide cases and 36 non-suicides were reported during the working days (from Monday to
Friday). The rest were observed during the weekends (see Table 1).

Table 1: Baseline Characteristics in patients with spine injuries (suicide jumping vs non-suicide)

Variable Suicide-jumper
(N=30)

Non-suicide

 (N= 41)

Difference 95% CI P-value

Age (mean±SD) in
year

35 ± 17 46 ± 18 11 3 – 19 0.008

Sex (female/male) 14/16 15/26 1.3* 0.7 – 2 0.467

Region of injury

Thoracic (n)
Thoracolumbar (n)
Lumbar (n)

 

3                              
16                              
11

 

12                                
24                              
5

 

0.4              
0.9                 
2

 

0.1 –
1.1        
0.5 –
1.5      
1.2 –
3.3  

 

0.08                          
0.08                          
0.02

AO Classi�cation

A     
(n)                         
B      (n)                        
C      (n)

 

26                              
2                                
2

 

37                              
4                                
0

 

0.8              
0.8              
6.8

 

0.4 –
1.8      
0.2 –
2.5      
0.3 –
1.4

 

0.714                       
  1.000                         
0.211

Initial Hemoglobin
(mean±SD) in g/dl

11.55 ± 2.6 13.55 ± 1.57 2 0.9 – 3 < 0.001

Number of injuries
according to
Daytime         

                                      
0 am till 7 am 
(n)           7 am till 5
pm  (n)          5 pm till
0 am  (n)

 

 

9                               
17                             
4

 

 

5                                
19                              
17

 

 

2.46          
1.27          
0.37

 

 

0.92 –
6.6   
0.73 –
2.2   
0.15 –
0.92

 

 

0.08                           
0.473                         
0.017

Number of injuries
during Working
days                         

24                                 36                       1.36 0.73 –
2.54

0.51                         

*: relative risk of female to male

In�uence of the COVID-pandemic

Since the COVID lockdown, there has been an increase in spinal injuries caused by suicidal jumping. Before COVID (i.e. during
62.75 months from 01.01.2015 to 21.03.2020), there were 19 suicidal cases vs 38 non-suicidal cases. On the other hand,
there were 11 suicidal cases vs only three non-suicide after COVID lockdown (i.e. during 14.25 months from 22.03.2020 till
31.05.2021); this resulted in a rate of 0.3 suicide case/month in the period before COVID lockdown vs a rate of 0.77 suicide
case/month after the lockdown (see Fig. 4.). Correspondingly, a ratio of 2.57 indicates more than twice the increase in these
injuries because of suicidal jumping after the COVID lockdown. However, to test this statistically, we compared the number of
suicide cases to non-suicide cases after the lockdown to the same period in the previous �ve years (see Table 2). The results
in Table 2 also con�rmed the increased ratio of suicidal spine fractures to non-suicide with rate ratios of 2.55, 1.89, 2.75, 1.57,
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and 2.2 in the same periods (from 22 March to 31 May) between 2015 and 2020. However, only comparisons with the �rst
and last periods were statistically signi�cant (p < 0.05).

 

 
Table 2

The rate of spine injuries in suicide jumpers to not-suicide patients in the lockdown period from 22.03.2020 till 31.05.2021
compared to the rate at the same periods in the previous four years. During the lockdown period, there were 11 suicide and

three not-suicide
Time period Number of patients (suicide/not-

suicide)
Rate Ratio (Lockdown-period/previous
period)

95% CI P-
value

22.03.2015 till
31.05.2016

4/9 2.55 1.08–
6.04

0.02

22.03.2016 till
31.05.2017

5/7 1.89 0.90–
3.89

0.11

31.05.2017 till
31.05.2018

2/5 2.75 0.83–
9.16

0.06

22.03.2018 till
31.05.2019

6/6 1.57 0.84–
2.95

0.22

22.03.2019 till
31.05.2020

5/9 2.2 1.03–
4.68

0.02

Treatment approaches

As shown in Fig. 2, the combined approach was applied more frequently than dorsal stabilisation alone in the suicidal group
(20 vs 10). In contrast, both approaches were applied almost equally in non-suicidal patients (19 vs 22). Patients who
underwent a short-segment dorsal approach were more likely to undergo ventral fusion to complete a combined approach (27
short-segment vs 12 long-segment in the combined approach, and 16 short-segment vs 16 long-segment in the dorsal
approach alone) with a relative risk of 1.47 (95% CI, 0.9 · 2.38, p = 0.14). Eleven patients underwent a percutaneous approach
of dorsal stabilisation compared with 60 patients who underwent conventional open surgery. Most percutaneous surgeries
were conducted in the later years of this study ( 2018).

Radiological outcomes

The baseline sagittal index dramatically improved (reduced to zero) in both groups (suicidal and non-suicidal). After ventral
augmentation, a slight improvement was noted in achieving the combined approach. However, the follow-up measurement
showed a deterioration (SI increased) in both groups, particularly in the non-suicidal group (see Fig. 5). The same trend of
improvement after each surgical intervention and then deterioration at follow-up was noticed regarding loss of vertebral
height in both groups (see Fig. 6). After adjusting for baseline values, we found no statistically or clinically signi�cant
differences by comparing these outcomes using the mixed-effects regression model between the two groups. However, there
was a slight improvement in the two indices at follow-up, with a reduction of 2.77° in the SI (p = 0.06) and an increase of 0.08
°in LVH (p = 0.07) in the suicidal group compared to the non-suicidal group. Table 3 shows the differences between the
radiological outcomes of the radiological outcomes in the mixed model.
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Table 3
Mixed regression model for SI and LVH measured after adjustment to the baseline values

Timepoint SI difference* 95% CI P-value LVH difference* 95% CI P-value

After dorsal approach 0.5 -1.69 to 2.68 0.65 0.008 -0.06 to 0.07 0.82

After combined approach -1.19 -3.93 to 1.55 0.40 0.04 -0.04 to 0.13 0.33

At the follow-up -2.77 -5.70 to 0.16 0.06 0.08 -0.007 to 0.18 0.07

*: mean value in suicidal group minus non−suicidal

Operative time

The surgery time was longer in the suicidal group (184 Â ± 13 minutes) than in the non-suicidal group (152 Â ± 8.7 min), with
a mean difference (MD) of 32 minutes (95% CI, 1.8 to 62; p = 0.04).

Clinical outcomes

At follow-up, six patients in the suicidal group manifested neurological de�cits, including paraparesis, compared with seven
patients in the non-suicidal group (p = 0.77). There were four postoperative complications in the suicidal group compared to
eight in the non-suicidal group (p = 0.53). Only one death occurred in the non-suicidal group due to postoperative sepsis.

Pain mainly improved after the dorsal approach in both groups. However, the pain increased slightly after the combined
approach in both groups, which was explained by the new operative incision to conduct the ventral fusion (see Fig. 7). At
follow-up, the difference in pain was non-signi�cant between the two groups, with one degree less in the non-suicidal group,
as shown in the mixed-effects regression models with a mean difference of 1.24 (p-value = 0.34).

 

Discussion
This study is the �rst to describe and analyse the characteristics of spine injuries after suicidal jumping compared to non-
suicidal individuals and the in�uence of COVID-pandemic in a cohort of 71 patients in Berlin. We found a signi�cant increase
in severe spine fractures caused by suicidal jumping since Berlin's COVID lockdown in March 2020. Other reports have
con�rmed increased psychiatric disorders and suicidality since the COVID-pandemic, especially in the young population in
Berlin [7]. In another report from Austria, the researchers found a signi�cantly higher percentage of patients admitted to the
resuscitation room of the Level 1 Trauma Center during the lockdown. The latter sustained their injuries due to a suicide
attempt compared to the same 2‐month period in the previous four years [9]. This result con�rmed a signi�cant increase in
spine trauma fractures caused by a suicide attempt since the COVID lockdown compared to the previous periods in the last
�ve years. However, we should mention that this increase accompanied a decrease in non-suicidal traumatic injuries,
contributing to the observed increased ratio of suicide to non-suicide fractures. This reduction in non-suicidal traumatic spine
injuries was also observed in the UK during the �rst national lockdown [14].

Patients with spinal fractures due to suicidal jumping were younger than those with non-suicidal behaviours. This �nding
was observed in previous case series [1, 5]. Kano reviewed a cohort of 87 suicidal jumpers compared to 205 non-suicidal
individuals and found that suicidal jumpers were ten years younger than non-suicidal [5]. In Kennedy's case series of 137
patients, the mean age was 32 years, approximately the same age as that found in our study (35 years) [1].

Spine fractures due to suicidal jumping are more likely to occur in women in Berlin. This �nding con�rms the European
Alliance Against Depression report; wherein women were 1.8 more likely to experience suicidal jumping in Germany between
2004 and 2005 [4].
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Spine fractures in suicidal jumpers primarily affect the thoracic and lumbar regions of the body. In this study, the lumbar
region was more likely to be affected in the suicidal group than in the non-suicidal group, which could be explained by the
mechanism of falling and landing �rst on the feet "�rst-feet landing" [11, 15]. In a case series of 101 patients, Richter found
that the lumbar region is more likely to be affected by suicidal jumpers [11]. As seen in previous studies and the second
prospective study of the Spine Study Group of the German Association on Trauma Surgery, we also found that L1 and T12
fractures represent the majority of traumatic spine fractures, with a decrease in their incidence at the beginning of the
thoracic spine and the end of the lumbar spines [5, 11, 16].

Co-injuries usually accompany traumatic fractures of the spine, and in the case of suicidal jumping, the extremities are
mostly affected [3, 5, 11, 15]. These accompanying injuries contributed to the worsening of the clinical and medical
conditions of the patients at presentation. In our study, the initial haemoglobin level was lower in the suicidal jumpers than in
the non-suicidal group, which could be attributed to co-injuries with subsequent blood loss. Moreover, suicidal patients tend to
jump during the early morning hours, when the presence of other people to witness the injury is less likely, which could delay
the emergency transport of patients to the hospital; thus, the initial haemoglobin level would decrease during this time.

We believe that treating severe spine fractures should be performed primarily through surgery to achieve three goals:
decompression of the neural tissues, stabilisation of the spine, and reduction of the deformity. All the patients in our cohort
underwent a dorsal approach with pedicle screw placement. Boucher �rst described this technique in 1959 [17]. Since then,
this treatment has undergone further developments regarding the technique of placement and the material of the screws [16,
18]. Many authors have urged 360° stabilisation (combined approach) of these fractures [16, 19]. In our study, the combined
approach was conducted more, especially in suicidal jumpers, than the dorsal approach alone. However, the minimally
invasive percutaneous technique was less effective than conventional open surgery, perhaps due to the need for good
exposure of the neural structure to perform su�cient decompression.

The radiological �ndings at the outcomes showed that despite stabilisation, patients showed some deterioration of the
deformity (increased SI and decreased LVH) at the follow-up, which could be explained by the increased loading on the spine
when patients walk and try to mobilise themselves. Thus, achieving good radiological outcomes with good sagittal alignment
and better correction of the loss of vertebral height seems crucial in managing these fractures to achieve good clinical
outcomes. As previous studies showed a good correlation between sagittal index (SI) and loss of vertebral height (LVH) with
clinical outcomes [12, 13, 20], we also observed this correlation in our study, with a slight deterioration of the radiological
outcomes at follow-up, accompanied by a slight increase in pain in the two groups. In our cohort, most patients had no
neurological de�cits at follow-up, and the pain reduction was signi�cant compared to the baseline. Postoperative
complications and mortality rates seemed to be low after surgical treatment for traumatic spine fractures. Surgical
approaches and treatment outcomes do not differ signi�cantly between suicidal and non-suicidal [5, 11]. In our cohort, the
duration of surgery was signi�cantly longer in the suicide group. This difference could be attributed to many factors,
including intraoperative �ndings with or without dural injury and the timing of the surgery, as most suicidal cases were
presented and consequently operated on in the early morning hours during the on-call service.

This study had some limitations. The measurement of outcomes at follow-up was only available for about half of the
patients. The mixed-effects model compensates for this shortage [21]. The follow-up period ranged over a long time between
3 months and more than three years, which contributed to the variability in the outcomes between the patients.

Conclusions
In some aspects, patients with spine fractures due to suicidal jumping differed from non-suicidal patients. They were
approximately 11 years younger, tended to be female, and had lower initial haemoglobin values at presentation. These
fractures seem to occur early in the morning and affect the lumbar region more frequently in suicidal patients. Since the
beginning of the lockdown, the COVID pandemic has signi�cantly in�uenced the rate of severe spine fractures caused by
suicide jumping. The optimal treatment for these spinal fractures is mainly surgical and should be targeted through different
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approaches to align the spine better and correct the deformity. The cause of the fracture (suicide vs non-suicide) did not seem
to affect outcomes signi�cantly.
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Figure 1

Measurement of sagittal index (SI) and loss of vertebral height (LVH) in a patient, 28 years old, with Th10 fracture after
falling from a height (no-suicide). a. The measurement of SI(left image at the presentation= 18.3° + 5°= 23.5°, middle image
after dorsal stabilization (long-segment)= 9.1° + 5°= 14.1°, and right image after ventral augmentation= 6.2° + 5°= 11.2°). b.
The measurement of LVH(left image at the presentation= 12.3/0.5(20.6+26.2)= 0.526, middle image after dorsal stabilization
(long-segment)= 15.7/0.5(21.1+26.5)= 0.660, and right image after ventral augmentation=21/0.5(22.5+25.5)= 0.875).

Figure 2

Flow chart of the study

Figure 3

Distribution of the fractures according to the affected vertebrae

Figure 4
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Incident rate of spine fractures caused by suicidal jumping vs non-suicidal trauma

Figure 5

Sagittal index at different time points in the two groups (suicidal vs non-suicidal)

Figure 6

Loss of vertebral height at different time points in the two groups (suicidal vs non-suicidal)

Figure 7

Pain at different time points in the two groups (suicidal vs non-suicidal)
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