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Abstract
Purpose To describe a classification of fractures of the coccyx, according to their mechanism.
Methods A series of 104 consecutive patients with a fracture of the coccyx was studied. The mechanism, level, characteristics 
of the fracture line and complications were recorded.
Results Three mechanisms are proposed to describe these fractures: flexion, compression and extension (types 1, 2 and 3, 
respectively). Flexion fractures (38 cases) involved the upper coccyx in 35 cases, and in 3 cases with a perineal trauma, 
it was the lower coccyx; compression fractures (24 cases) involved the middle coccyx and occurred only when Co2 was 
square or cuneiform and Co3 was long and straight, hence a nutcracker mechanism; four patients were adolescents with a 
compression of the sacrum extremity and were labeled adolescent compression fracture of S5 (type 2b); extension fractures 
(38 cases) were obstetrical and involved the lower coccyx; their key feature was a progressive separation of the fragments 
with time. Flexion fractures usually healed spontaneously, but an associated intermittent luxation was possible. Nutcracker 
and obstetrical fractures were instable in their majority.
Conclusions For the first time, a classification of fractures of the coccyx is presented. Each type exhibits specific features. 
This should help the clinician in the management of these patients.

Graphic abstract
These slides can be retrieved under Electronic Supplementary Material.

Key points

1. Three major intervening mechanisms: flexion, compression and 
extension (obstetrical fractures)

2. Each mechanism involves one specific level: upper, middle and 
lower coccyx respectively

3. Two complications: associated luxation and non union

Maigne J-Y, Doursounian L, Jacquot F (2019) Classification of fractures of the coccyx
from a series of 104 patients. Eur Spine J;

Flexion fractures Compression fractures Extension fractures  

Adults Adolescents Obstetrical

N=104 38 24 4 38

Female ra�o 84.2%* 54.2%* 50% 100%

Mean age (Yrs) 49.2 ± 12 45.8 ± 11 15.3 ± 3 32.4 ± 5

Table 1: Constitution of the groups
*p-value 0.01, Pearson chi-square test

Maigne J-Y, Doursounian L, Jacquot F (2019) Classification of fractures of the coccyx
from a series of 104 patients. Eur Spine J;

Take Home Messages

1. Flexion fractures always consolidate. There is a moderate risk of 
associated dislocation occurring in the sitting position.

2. Compression fractures are sometimes difficult to diagnose at the 
beginning and highly instable.

3. Extension fractures show a progressive separation of the fragments 
with time. They may be not visible at the beginning, and later 
confounded with a normal disc space.

Maigne J-Y, Doursounian L, Jacquot F (2019) Classification of fractures of the coccyx
from a series of 104 patients. Eur Spine J;
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Introduction

Common coccydynia is a painful condition that may be 
related to external or internal (childbirth) trauma or that 
may occur without any identifiable cause [1, 2]. Beside these 
inaugural events, the description of dynamic films (a film 
taken in the sitting position, compared to a standard film) 
allowed to highlight different coccygeal lesions, accord-
ing to the pattern of mobility: rigid coccyx (often with a 
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spicule), hypermobility and luxation (i.e., dislocation) [2]. 
When the mobility is normal, psychogenic or central pain 
may be evoked, among other causes. This classification actu-
ally excludes fractures. They are a classic cause of pain, but 
little is known about their frequency, different mechanisms, 
complications and evolution. Consequently, there is no avail-
able classification. Despite the publication of isolated case 
reports [3–7], factures of the coccyx remain a poorly docu-
mented topic.

Our large recruitment of patients with coccyx pain 
allowed us to examine 104 consecutive patients presenting a 
fracture and to propose a classification in three major types, 
according to the mechanism of the fracture. This classifi-
cation should help the clinician in the management of this 
condition.

Materials and methods

From April 2013 to April 2019, we saw 1142 new consecu-
tive patients presenting with acute or chronic coccydynia at 
our clinic. Among them, 104 were diagnosed with a fracture 
of the coccyx. The definitive diagnosis of fracture was made 
with the use of a standard X-ray film or a CT scan. In cases 
with nonunion, dynamic films were essential for studying 
the mobility of the broken segment [8]. MRI scans were also 
useful to search for bone edema when the case was difficult 
or in younger patients, to avoid exposure to radiation.

Numbering the coccygeal vertebrae to determine the level 
of the fracture was easy when the entire sacral bone was vis-
ible on the images. When only the lower part was visible, 
we referred to the typical coccyx with the first coccygeal 
vertebra, Co1, fused to S5. This is actually the case in 57% 
of normal subjects according to Woon et al. [9]. Thus, the 
lower part of the sacrum was labeled Co1 and the first free 
vertebra Co2.

We identified three major possible mechanisms in coccyx 
fractures: flexion, compression and extension, each associ-
ated with certain fracture patterns. Accordingly, the patients 
were divided into three groups, according to the mechanism 
of the fracture.

Flexion fractures (type 1) comprised patients with a his-
tory of external traumatism—a fall or a direct blow on the 
sacrococcygeal junction. The fracture involved S5 or the first 
coccygeal vertebra (Co1), when and only when this vertebra 
was fused to S5, thus functionally belonging to the sacrum. 
The mechanism was likely a forced flexion of the lower 
sacrum or upper coccyx.

Compression fractures (type 2) also comprised patients 
with a history of external traumatism, but the likely mecha-
nism was a compression of the first independent coccygeal 
vertebra, namely Co2 or Co1 when it was not fused to S5. 
The fracture line was vertical, extending from the upper to 

the lower end plate. Thus, they were intra articular fractures. 
Some rare cases of adolescents with a compression fracture 
of the extremity of S5 are presented apart.

Extension fractures (type 3) consisted in obstetrical frac-
tures. The lower coccyx was involved. The likely mechanism 
was a forced extension of the coccyx occurring during the 
delivery.

Follow‑up

Ninety patients had a sufficient follow-up of one year or 
more to be included in this follow-up section. An indication 
of surgical coccygectomy was considered a good indicator 
of an evolution of the fracture toward a severe and chronic 
coccydynia. Surgery was offered to these patients after a rea-
sonable attempt of conservative treatment which consisted 
in sitting aids during the 3 months allowed for consolida-
tion and guided injection in case of associated luxation or 
pseudarthrosis. The criteria for surgery were the failure of 
this approach and the evolution toward chronic coccydynia.

Statistics

The Pearson Chi-square test was used when necessary.

Results

The global results are given in Table 1.
Patients with a type 1 flexion fracture at the sacrococ-

cygeal junction were easily diagnosed with plain films or, 
in some cases with a CT scan (Fig. 1). Co1 fused to S5 was 
most commonly affected, S5 in 9.1%. The fracture line was 
horizontal in 5 cases or oblique, directed either distally and 
caudally in 26 cases or distally and ventrally in 4 cases. We 
saw only one case of nonunion after 6 months, and the major 
cause for persisting pain was the presence, in 11 cases, of an 
associated intermittent posterior luxation (also called dislo-
cation) visible only on a sitting film (Fig. 2).

Three other patients presented a more distal fracture 
of Co2, due to a similar trauma of the perineum (a hit by 

Table 1  Constitution of the groups

*p value 0.01, Pearson’s Chi-square test

Type 1 
flexion 
fractures

Type 2 compression 
fractures

Type 3 
extension 
fractures

Adults Adolescents Obstetrical

N = 104 38 24 4 38
Female ratio 84.2%* 54.2%* 50% 100%
Mean age 

(years)
49.2 ± 12 45.8 ± 11 15.3 ± 3 32.4 ± 5
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a bike saddle in two, by a metallic bar in one) resulting 
in a forced flexion of the distal coccyx. The fracture line 
was similar in these three patients, being perpendicular to 
the bone long axis. It could be confounded with a normal 
disk space, hence the necessity of dynamic films and MRI 
or CT scan for the diagnosis (Fig. 3). Despite the distal 

situation of the fracture, these three cases were assigned 
to type 1 because of the flexion mechanism.

Adult patients with type 2 compression fracture presented 
a different sort of fracture involving the middle coccyx (Co2 
in 19 cases or Co1 in 5 cases) with a vertical fracture line, 
splitting up the vertebra in two separate fragments apart 
from a vertical plane (Fig. 4). This is comparable to a burst 
fracture, as described at the thoracolumbar junction. The 
coccygeal aspect was particular with the fractured vertebra 
being the first independent coccygeal vertebra (in almost all 
the cases), with a square or cuneiform shape. It was con-
nected cranially to Co1 fused to S5 by an intervertebral disk 
and followed caudally by a longer vertebra. Of note, the 
female ratio in this group was significantly lower than in 
flexion fractures (see Table 1, p = 0.01, Pearson’s Chi-square 
test).

These compression fractures were unstable and the 
fragments could be mobile on the dynamic films, with an 
approximation when standing up and a separation in the 
sitting position. Because of this approximation, the frac-
ture line could be hardly visible on standard films, with a 
dynamic film or a CT scan necessary to establish the diag-
nosis (Fig. 5). Six of these 24 cases were more complex 
comminuted fractures with the fracture extending to S1 (in 
two cases) or Co2 (in one case).

Apart from these 24 adult patients, there was a subgroup 
of four adolescents (mean age: 15.3 years) with a very simi-
lar aspect of the extremity of the distal sacrum (Co1 or S5) 
which was hooked, evoking a compression fracture with a 
small crush in the bony substance. In two cases, there was 
an associated intermittent anterior subluxation of the whole 
mobile coccyx in the sitting position, indicating a mecha-
nism of compression of the distal sacrum by the lever arm 
of the coccyx forced in flexion (Fig. 6). In such cases, the 
crush could result in an epiphyseal plate damage by direct 
compression (Salter–Harris fracture type V) (Fig. 7). These 
fractures were labeled type 2b or “adolescent compression 
fracture of S5.”

Patients with type 3 extension fracture were women giv-
ing birth after a difficult labor. Forceps were used in 22/38 
cases, and it was a first delivery in 31/38 cases. The top 
features of these fractures were the distal localization (lower 
coccygeal vertebra) and a difficult diagnosis. The fracture 
line was horizontal. The distal localization was found in 
36/38 cases. In two patients, the penultimate vertebra was 
broken, but the last vertebra was very small. The diagnosis 
was difficult for two reasons. One was the fact that in the 
early days or weeks, the fracture was hardly or even not 
visible on a roentgenogram as it appears from the 10 cases 
where an X-ray film was obtained rapidly after giving birth 
(Fig. 8). The second reason was that with time, the broken 
part of the coccyx was pulled downward by the pelvic mus-
cles inserting on it and the fracture line appeared, but could 

Fig. 1  Two samples of a typical flexion fracture (type 1) of S5 (right, 
white arrows) and Co1 (left, black arrows). The displacement is 
always moderate. Standing films

Fig. 2  Left: type 1 fracture in July 2015 on a standing film (arrow). 
Right: persisting pain one year later, despite a normal consolidation 
of the fracture. On a sitting film, intermittent posterior luxation
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sometime mimic the aspect of a normal disk (Figs. 9, 10). In 
these cases, four signs aided for the diagnosis:

1. Comparison with early X-ray films if available, show-
ing a progressive separation of the two fragments with 
time. This nonunion is pathognomonic of these obstetri-
cal fractures.

2. Irregular “end plates” (actually the borders of the frac-
ture) mirroring each other, or the lack of end plates 
(Fig. 11).

3. Presence of bone edema on MRI scans (Fig. 3).
4. Abnormal pattern of movement at rectal examination or 

on dynamic films.

Follow up. A surgical coccygectomy was offered to 41 
patients. Table 2 shows that there is no significant difference 

between the types of fracture, though there is a trend for 
more surgery in types 2 and 3 (p = 0.06). Type 2 and 3 frac-
tures are likely more severe than type 1.

Discussion

Our introductory remark is that the vast majority of our 
patients presented a chronic and intractable coccyx pain. 
The diagnosis of fracture was not made in many cases, com-
plications (associated luxation or nonunion) were frequently 
missed and reassuring words were the sole treatment, par-
ticularly in obstetrical fractures.

Paul of Aegina, a Greek physician of the seventh cen-
tury, and Ambroise Paré, a French surgeon of four kings, 
mentioned and treated what could be a fracture of the 

Fig. 3  Flexion fracture of the 
distal coccyx, caused by a 
perineal trauma (blow by a bike 
saddle), same patient. Left: the 
fracture line can be confounded 
with a disk space. The diagnosis 
is confirmed with MRI scans. 
Center: T1-weighted image. 
Right: STIR sequence; edema

Fig. 4  Three cases of a com-
pression fracture (“nutcracker 
fracture”) of Co2
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coccyx [10]. This lesion is frequently mentioned by sur-
geons of the nineteenth century but of course with no 
imaging or fracture description. The recent literature is 
very poor in references on coccyx fractures and consists 
only in brief case reports [3–7]. To our knowledge, no 
one has looked into the matter. Our study brings new ele-
ments for the understanding of the three different types 
of coccyx fractures, their underlying mechanism and their 
prognosis.

Mechanisms

Type 1 or flexion fractures involve Co1, provided it is fused 
to the sacrum. If not, S5 is fractured. We believe it is correct 
to classify these later as coccygeal fractures for two reasons. 
The usual sacral fractures concern S1–S4 [11]; S5 is con-
tinued by the coccyx, and the pain, when broken, is in the 
coccyx area. This is why we have integrated these fractures 
in our coccygeal classification. This part of the coccyx is its 
most prominent part, prone to be broken by a fall or a blow. 
The forced traumatic flexion may break either S5 or Co1 (if 
this vertebra is fused to the sacrum) or even Co2 in some 
rare cases with a perineal trauma.

Type 2 compression fractures have never been described 
before to our knowledge. From the characteristics of these 
fractures, we can hypothesize a compression mechanism 
causing a burst fracture. The compressing element is the 
lower coccyx (Co3) on which the force related to the trauma 
is directly applied. The resulting movement of this vertebra 
would be either a flexion or a vertical and upward movement 
or, more likely, a combination of both. The consequence 
is a compression of Co2 against Co1 which is fused to the 
sacrum, resulting possibly in a partial (anterior) collapse of 
Co2, hence the cuneiform shape, and constantly in a burst 
fracture. This can be likened to the mechanism of action of 
a nutcracker, and these fractures could also be labeled “nut-
cracker fractures.” This comparison should be understood 
as referring to the crushed nut (the small sized vertebra) by a 
compressive force. The word “nutcracker” was first used by 
Hermel and Gershon-Cohen when describing the mechanism 
of certain cuboid fractures [12]. We believe we can use it 
here, as the likening to a nutcracker is sound. Two hypotheti-
cal mechanisms of these fractures are illustrated in Fig. 12. It 
is necessary to point out the difficulty of the diagnosis when 
the fragments are not displaced. In patients with post-trau-
matic coccydynia, Co1 (or Co2) should be closely examined 

Fig. 5  Compression fracture of Co2 without displacement of the frag-
ments at 4 months. The fracture line is hardly visible on a standard, 
standing film (left, black arrows). On the sitting film, there is a slight 
separation of the fragments and an associated posterior intermittent 
luxation (arrows)

Fig. 6  Adolescent compres-
sion fracture of the extremity 
of S5 which is abnormally 
hooked. Left: standing film. 
Right: sitting film. There is an 
intermittent anterior subluxation 
at the sacrococcygeal joint. The 
coccyx was likely the wounding 
agent. This type of fracture was 
only seen in adolescents
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when its shape is square or cuneiform, by CT scan if neces-
sary. Our four cases of fractures in adolescents are different 
from the three cases described previously in the literature, 
which were fracture dislocation of the sacrococcygeal joint 
or Salter–Harris type I fractures [3, 5, 6]. Referring to our 
classification, these three cases of the literature should also 
be assigned to type 2b but with some differences. What 
we are describing is a compression fracture resulting in a 
hooked aspect of the lower sacrum. There was no permanent 

dislocation. All these cases were seen a long time after the 
traumatism, implying persisting chronic pain.

Type 3 extension fractures are obstetrical fractures. In this 
study, we show for the first time to our knowledge that they 
form a specific variety, different from the other fractures; 
first, by the extension mechanism and the involvement of 
the lower coccyx in almost all cases; second, because the 
fracture line is not always visible at the beginning, mak-
ing the diagnosis difficult. This poses a serious radiologi-
cal challenge. We consider the progressive separation of the 
fragments occurring with time a pathognomonic sign. We 
presume it is attributable to the traction exerted by the pelvic 
muscles attaching on the coccyx, the fracture being subperi-
osteal at the beginning. This may explain the possibility of a 
spontaneous consolidation in certain cases.

Frequency

We can hypothesize that type 1 fractures are more frequent 
in reality than they are in this study, because the diagnosis is 
easy in the majority of the cases and most of them will con-
solidate normally with time. Thus, these patients will not be 
referred to a spine specialist. On the contrary, in type 2 (nut-
cracker), separation of the fragments and nonunion makes 

Fig. 7  Two adolescents with a compression fracture of S5. The 
hooked aspect of the sacral extremity is pathognomonic of these frac-
tures

Fig. 8  Extension fracture, occurring during a difficult labor. Same 
patient. Day 1 on the left. No fracture is visible. There is only a slight 
posterior tilt of the coccyx. Month 8 on the right. Due to the progres-
sive separation of the fragments, the fracture is clear, but without a 
comparison of the two films, the diagnosis could be missed, the space 
between the fragments looking more or less like a normal disk space

Fig. 9  Extension, obstetrical fracture. Left: three days after giv-
ing birth, the distal fragment is slightly extended on a standing film. 
There is no end plate. Right: six months later. The fragments are now 
completely separated. The diagnosis comes from the comparison of 
the two films
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a favorable natural outcome unlikely. They are more easily 
referred by their GP, and we can suppose that our study mir-
rors their real frequency. In type 3 (obstetrical fractures), the 
difficulty of the diagnosis could also account for an under-
estimate. For example, in a study on 57 cases of postpar-
tum coccydynia published in 2012 [13], we found 5.3% of 
obstetrical fractures (3/57) among women with coccydynia 
provoked by the delivery. We believe this percentage was 
largely underestimated, as, aware of their characteristics and 
radiological aspect, we found 45% of fractures (14/31) in a 
more recent (and yet unpublished) study. A second reason 
for underestimate their frequency is the possibility of a spon-
taneous consolidation in the early weeks.

One could also ask why a given trauma will result in a 
fracture in a case and not in another one; in other words, is 
there a specific shape of the coccyx predisposing to frac-
tures? We know from two studies that vertical/straight coc-
cyges are more exposed to traumas, as they are immediately 
subcutaneous [14, 15]. On the contrary, curved or even 
hooked coccyges are well protected against external injuries. 
It was not the scope of this study to calculate angles, but it 
appears that a majority of our patients with type 1 (flexion 
fractures) or type 3 (obstetrical fractures) had a more or less 
vertical coccyx. But in type 3, the most determinant factor 
favoring a fracture should be the lack of extension and the 
inability of the coccyx to take evasive action during delivery. 
That should be interesting topics for further research.

Future studies

The mechanism of compression fractures remains hypo-
thetical. A cadaveric study on coccyx specimens would 
be needed so as to evaluate the effects of different forces 
(flexion, extension and torsion) applied to different forms of 
coccyges and to see how it is possible to provoke a compres-
sion fracture. In another field, the impact on quality of life 
is unknown; it would be interesting to follow these patients 
over time, in order to evaluate the clinical course and the 
effect of different treatments (conservative or surgical).

Conclusion

Three different mechanisms of coccygeal fractures are pro-
posed: flexion (flexion fractures), compression (nutcracker 
fractures in adults) and extension (obstetrical fractures), 
leading to the three major types of our classification. This 
study also points out the diagnostic difficulties in many cases 
of compression and extension fractures, either because the 
fracture line is not easily visible or because it resembles a 
disk space.

Fig. 10  Obstetrical fracture at three and six months. Note the pro-
gressive separation of the bones. At clinical examination, the distal 
fragment is loose, allowing to evoke the diagnosis

Fig. 11  Obstetrical fracture at 3  months. The fracture line could be 
confounded with a normal disk space on a low-quality film, but it is 
jagged and the two lines mirror each other, better observed on a CT 
scan
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