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Abstract
Purpose  Pubic symphysis diastasis with an incidence of approximately 20% in pelvic fractures is a severe lesion which needs 
to be treated properly. The objective of this retrospective study was to describe and evaluate the clinical and radiological 
outcomes including its advantages and limitations of this modified minimal invasive technique.
Methods  Totally 29 patients with pubic symphysis diastasis, with or without posterior ring instability, were treated by modi-
fied pedicle screw–rod fixation (modified PSRF) between January 2010 and December 2016. The duration from injury to 
surgery, operation time, intraoperative blood loss as well as complications were recorded. During follow-up, the functional 
outcomes were assessed according to the Majeed evaluation criteria 1 year postoperatively. The evaluation of the postopera-
tive reduction quality was carried out according to Matta criteria.
Results  According to Tile classification, there were 9 cases of Type B1 underwent only anterior-modified PSRF and 20 cases 
of Type C1 experienced anterior-modified PSRF combined with posterior fixation. The duration from injury to operation, 
operation time and intraoperative blood loss were 3.27 days (range 1–6 days), 42.07 min (range 38–45 min), and 46.14 ml 
(range 40–55 ml). The results of reduction quality were rated as excellent in 16, good in 11 and fair in 2 based on Matta 
criteria. The Majeed functional scores ranged from 68 to 95 and there were excellent in 15, good in 12 and fair in 2. No 
patients experienced incision infection. Slight loosening of middle-two screws was verified during follow-up in one patient. 
Two patients underwent femoral nerve palsy. Irritation to the LFCN was detected in four patients.
Conclusions  Modified PSRF can be performed as an alternative to manage pubic symphysis diastasis due to its merits of 
minimal invasive, less blood loss, less soft tissue injuries as well as shorter operation time, even with the early weight-bearing.
Trial registration  Researchregistry3905.
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Abbreviations
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Modified PSRF	� Modified pedicle screw–rod fixation
AIIS	� Anterior inferior iliac spine
LFCN	� Lateral femoral cutaneous nerve

Background

As a fibro-cartilaginous joint, the pubic symphysis functions 
as a key part to unite the bilateral pubis as well as the poste-
rior sacroiliac joint. By dint of the gliding of its superior and 
inferior part during the axial loading, physiological move-
ments across symphysis contribute to compensate for pelvic 
loading. This has been highlighted by Tile and Hearn [1–5].

Resulting from high-energy trauma, pubic symphysis 
diastasis (PSD) with an incidence of approximately 20% 
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in pelvic fractures is a severe lesion which needs to be 
treated properly [6]. Reduction and fixation of PSD have 
been acquired by means of a variety of methods such as 
external fixation, open reduction and plate fixation, can-
nulated screw fixation and so forth [7–10]. Although good 
evaluation results were presented, controversies regard-
ing the optimal treating pattern still exist because of these 
non-complication-free techniques [11].

Recently, some types of minimal invasive techniques 
with the merits of less intraoperative blood loss, less 
trauma to the surrounding tissue and less operation time 
have been described as alternatives to treat pelvic frac-
tures [12–14]. Originally introduced by Kuttner in 2009, 
poly axial pedicle screw–rod fixation was applied for the 
treatment of anterior pelvic ring fractures with satisfac-
tory clinical outcomes [15]. In their study, the fixator 
constituted two pedicle screws placed at the anterior infe-
rior iliac spine (AIIS) and one connecting titanium rod. 
Inspired by this technique, we modified this construct in 
our clinical practice by adding another two polyaxial pedi-
cle screws to treat the pubic symphysis diastasis with or 
without posterior ring fixation. The objective of this ret-
rospective study was to describe and evaluate the clinical 
and radiological outcomes including its advantages and 
limitations of this modified minimal invasive technique.

Methods

Patients

This retrospective analysis included 29 patients with PSD 
in total, with or without posterior ring instability, treated 
by modified PSRF between January 2010 and December 
2016 in our trauma center. There were 19 males and 10 
females with an average age of 41.79 years (range from 20 
to 63 years). The causes of injury were traffic accidents in 14 
patients, crush in 12 cases, and fall from height in 3 patients. 
In conformity to Tile classification, there were 9 cases of 
type B1 (PSD) and 20 cases of Tile C1 (PSD with posterior 
ring fracture). Exclusion criteria included the following: 
type B2, B3, and C2, patients with serious osteoporosis, 
hemodynamic instability, open fractures with severe soft 
tissue defects and followed-up for less than 12 months. To 
better assess the patterns of the injuries, preoperative radio-
graphs including anteroposterior (AP), inlet and outlet views 
of the pelvis followed by pelvic 3-D computed tomography 
(CT), if necessary, were carried out in all cases.

Ethics Committee of Shanghai General Hospital reviewed 
and approved the study, and each participant provided the 
written informed consent. This study has been performed 
according to the Declaration of Helsinki.

Operative techniques

Before operation, the external fixation was applied as an 
emergency treatment in cases of hemodynamic instability, 
if possible. Due to the significant role of posterior ring 
in maintaining the stability of pelvis, posterior fixation 
was taken as the priority to the patients with posterior 
ring instability (type C1). In view of the minimal invasive 
and easy of operation of pedicle screw–rod fixation, we 
utilized two pedicle screws and a connected rod for fixa-
tion. After marking the outline of bilateral sides of the 
iliac posterior superior spine, a 3–4-cm incision was made 
1 cm lateral to the iliac posterior superior spine. After 
opening the back fascia and dissecting the crista iliaca, 
the pedicle screw opener was used at the junction of the 
back 2/3 and front 1/3 of the crista iliaca cortical bone to 
make an osseous tunnel between the cortexes of the ilium 
towards the iliac anterior inferior spine. After checking 
to ensure the tunnel did not penetrate the bony cortex of 
the medial or lateral sides, screws (Johnson & Johnson 
Co, USA) 60–80 mm long and 7 mm wide were inserted. 
The end of each screw (U-type clamp) was inserted into 
the cancellous bone to make it adjustable and no higher 
than the crista iliaca level. The proper length of the rod 
was selected after measuring the distance between the 
screws on both sides. After linking the screws on each 
side through the sub-back fascia, the rod was fixed. The 
adjustments of stretching or compressing of the pedicle 
screw–rod fixator was performed according to the disloca-
tion conditions of the posterior pelvic ring to complete the 
reduction and fixation [16]. This procedure was carried out 
to patients being employed in prone position under general 
anesthesia. Then, the anterior fixation was addressed.

The supine position was applied for all patients. After 
the outline of anterior inferior iliac spine (AIIS) and the 
pubis symphysis as well as its centerline being marked, 
the bilateral incisions were made 2 cm below the AIIS 
with the length of 4 cm. By means of the blunt dissec-
tion between the space of iliopsoas and sartorius, the AIIS 
was exposed. The pedicle finder was applied to establish 
the bony corridor at the starting point located at one-third 
of lateral AIIS side. The placement of polyaxial pedicle 
screw (Johnson & Johnson Co, USA) with 7 mm diameter 
and a length of 80 mm was performed with the proper 
depth. The insertion tilt angle was set as 30° outward and 
20° backward. The same procedure was applied to the site 
of contralateral AIIS.

A 3-cm incision was made over the pubic symphysis. 
Two polyaxial pedicle screws, with the size of 6.5 mm 
diameter and the length of 45–50 mm, were inserted into 
the bilateral pubic tubercle with the suitable depth without 
the fixation. From the bilateral AIIS to pubic tubercle, a 
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corridor superficial to the fascia was created by a long 
hemostat. A 6-mm diameter titanium rod was pre-con-
toured in accordance with the shape of anterior ring. Then, 
the placement of the titanium rod passing through the sar-
torius and the front of medial iliopsoas was performed. 
The rod was laid in the subcutaneous layer. Whereafter, 
these four pedicle screws were connected by the remolded 
titanium rod. Reduction of the diastasis was performed 
with a compressor attached to the middle-two screws to 
reduce the anterior pelvis by feat of the rod. The screw 
caps were tightened with screwdriver after the rod being 
adjusted to the right site and the absolutely reduction being 
achieved. After carefully being irrigated layer by layer, the 
incision was closed and coated with gauze (Fig. 1).

Postoperative management and follow‑up

Intravenously antibiotics were managed for 24  h to all 
patients after the surgery. The non-weight-bearing status 
was maintained during the first 24 h, postoperatively. The 
patients commenced active as well as positive movements 
under the instruction on condition that the pain could be 
tolerated from postoperative day three. Crutch-assisted walk-
ing was allowed for type B1 from 3 days to 2 weeks and 
at 1 week for type C1, postoperatively. The partial weight-
bearing was gradually increased after 2 weeks for type B1 
and 4 weeks for type C1. Full weight-bearing of all patients 
was advocated at 6 weeks for type B1 and at 2 months for 
type C1, postoperatively. Postoperative follow-up occurred 
for all patients at every 6 weeks in the first 6 months, every 
3 months until 1 year, and then once half a year.

Clinical evaluation

During clinical appointments, the physical examination 
and routine pelvic radiographs were taken to evaluate 
the reduction and the union for all cases. The functional 
outcomes were assessed according to the Majeed evalua-
tion criteria 1 year postoperatively. The evaluation of the 

postoperative reduction quality was carried out accord-
ing to Matta criteria with the following rating: excellent 
(0–4 mm), good (5–10 mm), fair (11–20 mm), and poor 
(> 20 mm).

Results

Patients characteristics

Among 29 patients, 9 cases (Type B1) underwent only 
anterior-modified PSRF, whereas 20 patients (Type C1) 
experienced anterior-modified PSRF combined with pos-
terior fixation. The time from injury to surgery ranged 
from 1 to 6 days with an average of 3.27 days. The intra-
operative blood loss ranged from 40 to 55 ml with the 
mean amount of 46.14 ml. No patients received the blood 
transfusion due to the minimally invasive nature of this 
procedure (Table 1).

Fig. 1   A 46-year-old male patient (Type C1) with the pubic symph-
ysis diastasis as well as posterior ring instability due to crush. Pre-
operative anteroposterior radiographs showing the pubic symphysis 
diastasis and posterior ring instability (a). X-ray film and 3-D CT 

showing the satisfactory reduction with modified pedicle screw–rod 
fixation for anterior and posterior pelvic ring (modified PSRF) (b, c). 
Postoperative X-ray film showing the healed pubic symphysis and 
posterior ring at 13 months postoperative during the follow-up (d)

Table 1   Patient demographics

Modified PSRF Range/percentage

Age (years) 41.79 ± 12.78 20–63
Gender (male:female) 19:10 65.5%:34.5%
Fracture type (B1:C1) 9:20 31.0%:69.0%
Mechanism of injury
 Traffic accidents (n) 14 48.3%
 Crush (n) 12 41.3%
 Fall from height (n) 3 10.3%

Time from injury to operation 
(days)

3.27 ± 1.33 1–6

Operation time (min) 42.07 ±  3.31 35–48
Intraoperative blood loss (ml) 46.14 ± 4.68 40–55
Additional posterior fixation (n) 20 64.7%
Follow-up (months) 18.72 ± 2.44 13–24
Majeed evaluation score 85.17 ± 7.25 68–95
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Follow‑up and assessments

Follow-up appointments were performed to all patients from 
13 to 24 months with an average of 18.72 months. A typical 
patient with pubic symphysis diastasis treated by modified 
PSRF was presented in Fig. 2. The reduction quality of dia-
stasis was evaluated by means of the Matta criteria as well 
as the postoperative radiography. The results were rated as 
excellent in 16, good in 11 and fair in 2. Majeed evaluation 
was performed to all cases. The scores ranged from 68 to 
95 and there were excellent in 15, good in 12 and fair in 2.

Surgical complications

No patients experienced a surgical-site infection in this clini-
cal series. Slight loosening of middle-two pubic-inserted 
screws was verified by pelvic radiographs during the follow-
up in one patient. Nevertheless, no further intervention was 
performed as no symptom was shown. Two patients under-
went femoral nerve palsy, and the emergency measurement 
with operative revision was taken to re-adjust the fixation. 
Irritation to the LFCN was detected in four patients. The 
symptoms spontaneously disappeared after three months, 
postoperatively. Assessments of clinical outcomes were pre-
sented in Table 2.

Discussion

The pubic symphysis is an amphiarthrodial joint, consisting 
of two pubic bones and an intercalated disc. It participates 
in maintaining the stability of the anterior pelvic ring and 
protecting the inner organs of the small pelvis [1–5]. Pubic 
symphysis diastasis, defined as open-book AO B1 lesion, is 
typically resulted from high-energy injuries with the inci-
dence of 13–16% of all pelvic fractures [6]. Proper surgical 
intervention regarding reduction and fixation to restore the 
integrity of pelvic ring need to be taken. Although contro-
versies still existed regarding the optimal management to 
this type of injury, consensus has been achieved that once 

Fig. 2   A 45-year-old male patient (Type B1) with the pubic symphy-
sis diastasis because of traffic accident. Preoperative anteroposterior 
radiographs showing the pubic symphysis diastasis (a). Preopera-
tive external fixator was performed for the initial stabilization (b). 
Immediate postoperative anteroposterior (c), inlet (d) and outlet (e) 

X-ray films showing the satisfactory reduction with modified pedicle 
screw–rod fixation (modified PSRF). Postoperative anteroposterior 
(e) inlet (f) and outlet (g) X-ray films showing the healed pubic sym-
physis at postoperative 15 months during the follow-up

Table 2   Assessments of clinical outcomes

Modified PSRF Percentage (%)

Majeed evaluation
 Excellent (n) 15 51.7
 Good (n) 12 41.4
 Fair (n) 2 6.9

Matta reduction criteria
 Excellent (n) 16 55.2
 Good (n) 11 37.9
 Fair (n) 2 6.9

Complications
 Loosening of screws (n) 1 3.4
 Femoral nerve palsy (n) 2 6.9
 LFCN irritation (n) 4 13.8
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the distance of diastasis exceeds 25 mm, firm fixation should 
be performed as the necessary procedure [17].

A wide range of surgical managements including exter-
nal fixation and internal plate fixation have been employed 
during the past decades to treat symphysis pubis diastasis 
[7–10]. Although it has advantages of ease-of-operation 
and quick fixation, external fixation always concerns with 
complication of pin-site infection and relatively inferior 
stability compared with plate fixation [18–22]. Accepted as 
the preferred technique, internal plate fixation is currently 
performed for pubis diastasis [23]. Yet, it is not an applica-
tion without concerns. The extensive exposure to pubic sym-
physis, trauma to surrounding soft tissues together with the 
intraoperative blood loss are the most common complica-
tions. Besides, repeated fluoroscopy needs to be taken to ver-
ify the reduction and fixation during the surgical procedure 
which makes a large amount of X-radiation to the patient and 
surgeons [24–28]. Recently, considerable progress regard-
ing the minimally invasive techniques employed in pelvic 
fractures have been acquired which make its application as 
an alternative to above-mentioned techniques, as well as for 
treating pubic symphysis [12–14].

In 2009, Kuttner first described a new minimal invasive 
technique to treat anterior pelvic ring fractures [15]. In his 
clinical series, a construct formed by two pedicle screws 
and one connecting rod was applied. To treat anterior ring 
fractures, two pedicle screws were implanted into the site 
of supra-acetabulum below the anterior inferior iliac spine 
(AIIS), then, these two screws were connected by a curved 
rod. Reduction and fixation of injured anterior ring can be 
acquired by means of this construct. Nevertheless, the sub-
cutaneously connecting rod was placed crossing the bilateral 
AIIS above the abdomen making some patients, especially 
the obese patients, feel discomfort [12, 18].

Considering these shortcomings, we performed modifi-
cation to this technique during our clinical practice. Addi-
tional two pedicle screws were placed into bilateral pubic 
tubercles with one in each side, thus, totally four screws and 
one curved rod constituted the modified PSRF. The rod was 
curved according to the arc anatomical shaping of anterior 
ring, and it was assembled along the superior border of ante-
rior pelvic ring to eliminate its abdominal compression. The 
rod was laid in the subcutaneous layer. With its four fixed 
pedicle screws and one connected rod, this construct frame 
provided firm stability to PSD. It can offer special merit to 
reduce the diastasis by means of the relative slide between 
the screws and rod. Via shortening the connecting titanium 
rod, the reduction of this open-book lesion as well as the 
fixation can be acquired at the same time. To PSD patients 
combined with injuries of bladder and urethra, application 
of this minimally invasive technique could avoid aggravat-
ing the existing urinary lesion. This less-invasive technique 
may be of special interest in stabilizing fragility fractures 

of the pelvic ring, which is an upcoming entity in elderly 
persons [29].

The average operation time 41.8 min and intraoperative 
blood loss 46.6 ml in our clinical series were lower than 
those reported cases fixed with other methods. We assumed 
these advantages should be attributed the modifications 
to minimally invasive PSRF as well as the proficiency in 
operating by surgeons. By dint of firm arch structure of this 
modified construct, the active and positive activities can be 
carried out early under instruction as long as the pain could 
be tolerated, postoperatively. Besides, the early weight-
bearing can be advocated as a superiority of its application 
compared with other methods. There was no operation-asso-
ciated complication of site infection in the present clinical 
series. One 65-year-old male patient experienced the loosen-
ing of middle-two pubic-inserted screws which was defined 
as partly fixation loss. Its occurrence, we speculated after 
carefully examining the pelvic radiographs, resulted from 
osteoporosis. Iatrogenic femoral nerve injury, first reported 
by Hesse [30], can lead to the weakness or loss of patellar 
reflex as well as the impairment of sense at anterior and 
medial thigh. Only two patients in the current clinical series 
experienced iatrogenic femoral nerve injury, immediately 
action was taken for implant revision. The symptom gradu-
ally relieved, and ultimately disappeared after the removal of 
PSRF. Its occurrence is associated with the restricted space 
between the rectus and screw. To avoid it, refined manipu-
lation and careful physical examination should be taken as 
the necessary and significant procedure. On the basis of our 
clinical experience, it is not convenient to place the pedicle 
screws via superior anterior iliac spine. The end cap of the 
pedicle screw may cause soft tissue irritation. However, via 
the inferior anterior iliac spine, in our clinical series, the 
bone corridor of pedicle screw is long, the placement and 
the direction of screws are relative easy to operate. As to 
avoid femoral nerve palsy, our experience is to make the 
cap of pedicle screw not too close to the bone surface. The 
space between the bone surface and the screw cap should 
be kept about one-finger width. Meanwhile, the end cap of 
screw should not be exceeded the skin surface to avoid the 
soft tissue irritation. LFCN irritation, with incidence rate 
ranged from 27 to 30%, is another common concern fol-
lowing modified PSRF, which was reported previously by 
Kuttner, Vaidya and Hesse [12, 15, 30]. In the current study, 
four patients were found to experience this complication. 
According to our experience, the rod end may have a direct 
relationship to the irritation of LFCN. The overlong screw 
end will easily compress and irritate the nerve during the rod 
placement. Thus, the rod should be applied as short as possi-
ble to free more space for LFCN, meanwhile, we recommend 
performing polyaxial screws for easy connecting to the rod.

After being discharged, all 17 patients treated with modi-
fied PSRF in our series came back to normal work and daily 



870	 J. Wang et al.

1 3

activities without evident negative influence. The removal 
procedure of pedicle screw–rod fixation need to be taken 
as second surgery which is a shortcoming of this technique 
[12]. There was one female case concerned about discomfort 
of pubic region in sexual activities postoperatively, then, 
we removed the fixation at 7 months postoperatively. The 
routine time we suggest for its removal should be arranged 
at 12 months after operation to promote better healing of the 
diastasis, if no apparent uncomfortable symptom appeared. 
Clinical appointments and radiographs during the follow-up 
showed the healing symphysis diastasis were present in all 
patients, thus verifying the effectiveness and reliability of 
application with this modified technique.

Limitations of current study should be identified. This is 
a retrospective study in our single medical center with small 
sample size. More cases and long-term follow-up will ben-
efit the present clinical evaluation to be more meaningful. 
Moreover, the results were based on our clinical analysis, 
hence, accurate biomechanical investigation should be per-
formed to offer firm theoretical proof.

Conclusions

In summary, modified PSRF applied to patients with pubic 
symphysis diastasis provided satisfactory clinical outcomes. 
This technique can be performed as an alternative to man-
aging pubic symphysis diastasis due to its merits of being 
minimally invasive, with less blood loss, less soft tissue inju-
ries as well as shorter operation time, even with the early 
weight-bearing.
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