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Abstract
Study design This is a retrospective, non-randomized cohort study, with data collected during the regular annual visits
between 2001 and 2019.
Objectives The aim of this study was to evaluate the efficacy of coccygectomy for coccygeal pressure ulcers in individuals
with paraplegia due to spinal cord injury or other neurological causes and to evaluate its role in the prophylaxis of ulcer
recurrence.
Settings This study included inpatients and outpatients with a coccygeal pressure ulcer who were treated surgically at our
Institution REHAB Basel and were followed with regular annual check-ups.
Methods Individuals with category 3 or 4 acute or chronic coccygeal pressure ulcer (classification according European
Pressure Ulcer Advisory Panel (EPUAP)) received coccygectomy in addition to rotation flap surgery. The operative care was
provided exclusively by the head of the plastic surgery department at REHAB Basel. Standardized follow-up treatment was
carried out according to the “Basel Decubitus Concept” and thus allowed continuous and usually lifelong, regular follow-
up care.
Results Forty-nine individuals underwent coccygectomy from 2001 to 2019 due to coccygeal category 3 or 4 pressure
ulcers. The observation period was between 1.5 and 18.3 years. In 86% of the individuals, no relapse occurred during the
first year. Over the next 5 years 78% remained relapse free.
Conclusions In coccygeal pressure ulcer category 3 or 4, coccygectomy, in addition to sufficient rotation flap surgery, is a
suitable method for recurrence prevention of pressure ulcer in this anatomic area.

Introduction

During the early acute or initial treatment of acute spinal
cord injury (SCI), pressure ulcers often occur in the sacral
or coccygeal region [1]. Every pressure ulcer in patients
with SCI, regardless of localization or etiology, represents a
significant and immediate reduction in quality of life for the
person affected. In addition, the risk of pressure ulcer for
those affected may last a lifetime [2, 3]. Besides urological
and respiratory infections, pressure ulcers are the most
common reason for rehospitalization and overall the second
most common complication in individuals with SCI [2, 3].

Long hospitalizations result in a decrease in quality of
life. In addition, there is a cost of around CHF 100,000 per
pressure ulcer in Switzerland [3]. In the United States, a
sum of ~$11 billion is spent in 1 year for the treatment of
decubitus ulcers. Pressure ulcers represent the highest cost
factor among the complications in individuals with a spinal
cord lesion [4, 5].

The coccygeal pressure lesion discussed in this work is a
rare complication but an extremely important site for the
individuals with tetraplegia and for individuals with high
paraplegia [6] compared with other localizations [7–10].

In terms of pathophysiology, a coccygeal pressure ulcer
should not be confused with recumbent sacral ulcers [11].
Coccygeal pressure ulcers mainly occur with extended use
of the so-called “beach-chair” position i.e., sitting with a
dorsally tilted pelvis in individuals with tetraplegia
(Figs. 1–3) and thus an increased pressure load on the skin
in the coccygeal region. Even with meticulous and con-
sistent pressure ulcer prophylaxis, relapse is possible. In
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contrast, sacral ulcers develop when lying down for too
long without release. This is also due to the fact that the
sacrum is a rigid bony block with a special bony anatomy in
contrast to the intercoccygeal joints of the coccyx. Distin-
guishing the cause of a pressure ulcer is of utmost impor-
tance for therapy, care, and prevention [6].

Although the problem of a coccygeal pressure ulcer is of
great interest to individuals with paraplegia as well as to

rehabilitation professionals, there is paucity in the literature
on the subject. Topics such as coccygodynia, first described
in 1859, are frequently found. Coccygodynia is also treated
operatively by coccygectomy with good results [12–16].
Wound healing is considered to be problematic even in
elective surgical coccygectomy and is associated with a
recurrence risk of 30% [15–19]. In the case of chronic
recurrent pressure ulcer, the additionally existing proble-
matic and compromising soft-tissue factors should be
mentioned here with particular emphasis. There is a high
risk of irritation in this often heavily loaded and scarred
soft-tissue area. Pre-existing co-morbidities of individuals
with SCI, multiple previous operations, and a wound area
with a chronic pressure load also lead to a high risk of
recurrence.

The aim of this retrospective study is to evaluate the
efficacy of coccygectomy on recurrence and prevention of
coccygeal pressure ulcer in individuals with SCI or other
neurological causes of paralysis.

Methods

Design

This is a retrospective non-randomized cohort study; the
data collection took place during the regular annual ambu-
latory visits between 2001 and 2019.

Study population

Inpatients and outpatients with category 3 or 4 coccygeal
pressure ulcer who received flap surgery and coccygectomy

Fig. 1 Pressure distribution in different sitting positions [24]. First
picture shows the pressure load on the ischium in an “normal” upright
sitting position. Coccygeal pressure occurs with a dorsally tiltet pelvis
(second picture) in a so called “beach- chair” position or in individuals
with tetraplegia.

Fig. 2 Radiographic and palpatory instability of the Os Coccygeum in
an individual with an incomplete paraplegia with chronic, recurrent
coccygeal pressure ulcer.

Fig. 3 Fasciocutaneous gluteal rotation flap (8). The unilateral
mobilisation of the fasciocutaneous flap is a possibility to provide a
tension free closure of a coccygeal pressure ulcer. The perfusion is
supplied from perforating vessels coming from the deep braches of the
superior gluteal artery and inferior gluteal artery.
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between 2001 and 2019 were included in the study. Only
individuals with a signed informed consent for data col-
lection for research purposes were included. The coccy-
gectomy was followed by continuous outpatient care in this
patient group to minimize the high risk of relapses. This
ensures a correct immediate treatment to prevent additional
surgery.

Study setting

In the context of standardized pressure ulcer diagnostics, all
pressure point lesions in the coccygeal area were routinely
inspected with palpation and acute bony prominence (ABP)
and subluxation were ruled out. Ligamentous instability of the
os coccygeum, a past fracture, an existing ABP, and pelvic
alignment were taken into account in deciding further therapy.
In the radiographic evaluation, the bony conditions and pos-
sible instability or dislocation were investigated [6, 18].

According to guidelines given by Provodin et al. [12]
bone resection was applied as the most important surgical
procedure for coccygeal pressure ulcer throughout the ret-
rospective study period. This allowed a retrospective eva-
luation of the treatment itself, complications, and recurrence.

All procedures were carried out exclusively by one
examiner to ensure an equal surgical routine. The surgical
settings and method did not alter during the evaluation
period nor did the setting of the rehabilitation regime [7].
After the initial necrectomy of total pressure ulcer, the
coccygectomy was performed at the level of the sacral
hiatus. The coccygeal bone was completely resected with
the distal parts of the sacrum and with the cornua sacralis. In
order to avoid a postoperative hematoma, a subperiosteal
bone enucleation and closure of the periosteal sheath were
performed. For tension-free occlusion, a Z-plasty, rhom-
boidal flap, or a gluteal fasciocutaneous rotation-
advancement flap, was prepared and inserted. This gluteal
fasciocutaneous rotation flap was mobilized unilaterally
whenever possible as the other side can also act as a reserve
during relapse. In addition to perforating vessels, the cranial
half of the fasciocutaneous flap is supplied from the deep
branches of the superior gluteal artery, and the caudal half
from the inferior gluteal artery, all of which penetrate the
gluteus maximus muscle. In order to minimize the tension
in the area of adaptation, the semicircular incision is made
far below the posterior iliac spine and above the trochanter.
Thus, a rotating advancement of the flap on the defect zone
and a subsequent tension-free suture can be provided. The
flap tip was placed across the midline. This prevented re-
pressurization of scar tissue in the previous wound area [7].

Post-coccygectomy care for all individuals was done
according to the “Basel Decubitus Concept.” Four weeks of
bed rest with strict positioning regimens was followed by a
subsequent remobilization step-by-step [20–22]. A 4-day

postoperative break in low molecular weight heparinization
also prevents bleeding in the remaining periosteum or under
the flap plasty.

To analyze the effectiveness of coccygectomy, descrip-
tive statistics were used for categorical and continuous data.

Results

In the rehabilitation hospital, a total of 374 surgeries, initial
and repeat pressure ulcer surgeries, were performed from
2001 to April 2019. Of these, 210 procedures were per-
formed in the ischial area, 69 in the sacral area, 30 for
trochanteric lesions, and 65 for coccygeal pressure ulcers. In
total 236 surgeries in individuals with paraplegia and 79 in
individuals with tetraplegia were performed. Individuals
with a major underlying neurological disease, such as
multiple sclerosis, Parkinson’s disease, or craniocerebral
trauma had to be treated with surgery 59 times (Fig. 4).

In total, 52 individuals with SCI or neurologic disorders
resulting in paraplegia or tetraplegia were operated on at
least once between 2001 and 2019 due to coccygeal pres-
sure ulcer. A general informed consent for research was
available from 49 of these individuals. Of these (n= 49) 13
were individuals with tetraplegia and 29 individuals with
paraplegia (Table 1). Seven individuals had a primary
neurological disease i.e., multiple sclerosis, Parkinson’s
disease, or neurotraumatic injury. Further characteristics of
the individuals can be found in Table 1.

Mean age was 54.14 ± 16.52 years (Table 1). The age
distribution of individuals with coccygeal pressure ulcer
(n= 49) shows a bimodal distribution at ages 50–54 and
65–69 years (Table 1). The follow-up period averaged 9.38
years (min./max.1.5–18.3 years).

In the first year after coccygectomy, four individuals (one
with paraplegia, two with tetraplegia, and one with a neu-
rological disease) had one recurrence.

Three individuals (one with paraplegia and two with
tetraplegia) had two recurrences. These recurrences required
surgical revision. In the other 42 individuals (86%) of the

Fig. 4 Number of operations from 2001 to 2019 at the classic sites
with subdivision into the main underlying diagnoses.
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total population, there were no complications 1 year after
coccygectomy.

Five years after coccygectomy, data of 32 individuals
were available for analysis because nine individuals had
died and eight individuals were <5 years post coccy-
gectomy. Therefore, they did not complete the control
period and could not be included. The individuals who died,
did not die due to the surgical procedure nor due to surgical
complications of the coccygectomy. Of the 32 individuals,
four (13%) had to be surgically revised due to one recur-
rence within five years after coccygectomy. Three indivi-
duals (9%) suffered a second recurrence. In total, 25
individuals (78%) were free of recurrences (Figs. 5 and 6)
5 years after the coccygectomy.

Discussion

There is a paucity in the literature on coccygeal pressure
ulcer and its surgical treatment in individuals with para-
plegia. Provodin et al. [12] reviewed 38 individuals who
underwent surgery because of a pressure ulcer above the
coccyx. The study group consisted of 15 (39.5%) women
and 23 (60.5%) men. Four of the individuals (11%) had
initial presentation of pressure ulcer, 34 (89%) had a
chronic or recurrent pressure ulcer.

Of the 38 operated individuals, only 6 individuals, those
who did not receive initial coccygectomy, relapsed above
the level of the coccyx. After relapse, these six individuals
underwent coccygectomy and surgery. On the basis of these
results, bone resection was considered to be the most
important surgical procedure. Based upon this publication,
we treated the individuals with a coccygeal pressure ulcer in
our institution similarly (2001–2019).

Wound healing is problematic even in elective surgical
coccygectomy and is associated with a recurrence risk of
30% even without any co-morbidities [15–19].

Table 1 Characteristics of
individuals at baseline, after 1
and 5 years after coccygectomy.

Number of individuals at baseline 49

Mean age at coccygetcomy ± SD [years] 54.14 ± 16.52

Gender 23 female

26 male

Primary diagnoses 20 AIS A (15 paraplegia, 5 tetraplegia)

11 AIS B (6 paraplegia, 5 tetraplegia)

9 AIS C (6 paraplegia, 3 tetraplegia)

2 AIS D (2 paraplegia)

7 neurological disease

Number of individuals after 1 year after
coccygectomy

49

Number of revisions in individuals 1 year after
coccygectomy

0 revision in 42 individuals

1 revision in 4 individuals

2 revisions in 3 individuals

Number of individuals after 5 years after
coccygectomy

32

8 individuals have not yet completed the 5 years
follow-up period

9 individuals died because of other causes than
surgical complications

Number of revisions in individuals 5 years after
coccygectomy

0 revision in 25 individuals

1 revision in 4 individuals

2 revisions in 3 individuals

9.38 ± 4.49

Fig. 5 Number of revisions by diagnosis.
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In individuals with pressure ulcer caused due to an often
chronically compromised soft-tissue factor, there is a high
risk of irritation in this heavily loaded and scarred soft-
tissue area. Pre-existing co-morbidities of individuals with
SCI, previous surgeries, and a wound area with a chronic
pressure load also lead to a high risk of recurrence. Previous
studies have shown that level of SCI seems not to be
associated with the occurrence of a coccygeal pressure
ulcer [6] and this is similar to our findings.

The general risk of getting a pressure ulcer, especially in
elderly people with an SCI, is very high. In a publication
from 1994 by Langauer [23] the incidence of a hospitali-
zation because of a pressure ulcer for a patient with an SCI
is every third year. This indicates the fragility and the
necessity of a continuous specific patient check especially
for patients with a SCI.

Due to the risk of a recurrence in this patient group, we
previously reviewed at the recurrences in all flap surgeries
in the pelvic region [8]. In the time period from 2001 to
2010 we had 254 surgeries performed for 182 pressure
ulcers. Thirty seven percent had minor complications,
fourteen percent had major complications requiring repeat
surgery. In total, 19% of repeat surgery within 10 years [8].

In the group of the coccygeal pressure ulcer we had 29%
minor complications and 29% major complications, which
required repeat surgery. This complication rate is similar to
other literature [15–19].

In addition, we have 22% recurrence rate in total, which
is similar to the other findings and is a little higher than in
the other areas of the pelvis (14%). This shows the high risk
of recurrences in the coccygeal area compared with pressure
ulcers in other regions of the pelvis. Since we can find up to
30% recurrence rate in the literature for individuals with no
SCI or any co-morbidities [15–19], the coccygectomy
seems to be a good option for treating and preventing a
coccygeal pressure ulcer for individuals with a SCI.

A limitation of this retrospective follow-up single center
cohort study is the lack of a control group. In addition,

geriatric individuals with multiple accompanying
co-morbidities are included within the study population,
increasing the risk of relapse.

Due to the high mortality rate of these individuals within
5 years after coccygectomy (19%), less data could be col-
lected after 5 years. The strengths of this study include the
high number of individuals included and the long obser-
vation period. In addition, all surgeries were performed by a
single surgeon, increasing comparability. The follow-up
treatment of all individuals also proceeded according to a
standardized procedure and was the same for all individuals.
To improve on this data, further studies in specialized
centers for the evaluation of the success of therapy are
needed.

Conclusion

The coccygectomy in addition to flap-based plastic surgery
procedures in a category 3 and 4 of a coccygeal pressure
ulcer is an adequate method for treatment and prevention of
recurrence in individuals with SCI or other neurological
disease with similar clinical symptoms.

However, the best method to prevent a pressure ulcer in
general is to avoid it in first line! However, this needs
structured information about prevention of pressure ulcers
for individuals with an SCI from beginning on and espe-
cially during the rehabilitation. Self-check of the skin in the
pelvic region, and regular load reliefs or weight shifts, are
just a few important key points. Also, regular checkup for
outpatients can ensure that an early identification and cor-
rect treatment in a rehabilitation unit can prevent a surgical
intervention. An upright sitting position in the wheelchair,
monitoring of seat cushions, and avoiding sitting in a
beach-chair position are all practices that are of the utmost
importance for the prevention of a coccygeal pressure
ulcer.

Data availability

Original data are stored at the REHAB Basel, Centre for
Neurorehabilitation and Paraplegiology.
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