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Abstract
Objective: To investigate the clinical outcomes of percutaneous cross screws internal fixation for pelvic Day type II
crescent fracture-dislocation.
Methods: We reviewed 66 consecutive patients undergoing surgical treatment for Day type II crescent fracturedislocation from June 2005 to December 2017. Percutaneous cross screws internal fixation was performed in 40
patients, and open reduction and internal fixation was performed in 26 patients. The patient characteristics, surgical
complications, radiographic and clinical outcomes and were compared.
Results: There was no statistically difference on the mean time from injury to surgery between the two groups.
The time of operation, the amount of blood loss, the length of incision, and the hospital stay were significantly
shorter in the percutaneous cross screws internal fixation group. No significant difference on Matta scores and
Majeed scores between the two groups. The open reduction and internal fixation group resulted in a higher rate of
intraoperative hemorrhage, nerve injury, discomfort, and pain.
Conclusion: Percutaneous cross screws internal fixation for Day II type pelvic crescent fracture-dislocation was safe
and effective. Minimally invasive fixation had the advantages of short operation and hospitalization time, less
intraoperative bleeding, and surgical trauma.
Keywords: Day type-II crescent fracture-dislocation, Minimally invasive fixation, Cross-screw fixation, Percutaneous
internal fixation

* Correspondence: xfxj2000@126.com; wenzhouykdx@163.com
†
Guangheng Xiang and Xiaoyu Dong are co-first authors.
†
Jian Xiao and Yongzeng Feng contributed equally to this work.
1
Department of Orthopaedic, The Second Affiliated Hospital and Yuying
Children’s Hospital of Wenzhou Medical University, Wenzhou, Zhejiang
325035, China
Full list of author information is available at the end of the article
© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

Xiang et al. Journal of Orthopaedic Surgery and Research

(2021) 16:36

Introduction
Pelvic fractures are often caused by high-energy injuries,
often accompanied by abdominal organs, blood vessels,
nerve injuries, and with many complications and high
mortality [1–4]. Once the pelvic fracture affects the integrity of ligaments and muscle structures, the stability
of the sacroiliac joint will also be destroyed, causing the
posterior ring of the pelvis to become unstable [5].
Pelvic crescent fracture and dislocation were first reported by Borrelli et al. in 1996 [6, 7]. It was a sacroiliac
joint complex injury, and the fracture of the iliac bone
extended from the sacroiliac joint site upwards to the
iliac crest, with a partial dislocation of the anterior
sacroiliac joint. Day et al. divided crescent fracturedislocation (CFD) into three types: type I fracture involved the anterior 1/3 of the sacroiliac joint, type II
fracture involved the middle 1/3 of the sacroiliac joint,
and type III fracture involved the posterior 1/3 of the
sacroiliac joint [8]. For the treatment of type II fractures,
it was usually carried out by anterior or posterior approach open reduction and internal fixation (ORIF) [9–
11]. But there was still some controversy about the surgical trauma and internal fixation methods [12].
Since June 2005, our department has begun to treat
patients with Day type II CFD using percutaneous posterior iliac screw combined with sacroiliac joint screw
fixation. In previous studies, we have proved that percutaneous cross screw fixation was a reliable method for
the treatment of Day type II CFD through a finite element analysis [13]. The aim in this study was to explore
the clinical efficacy and complications of percutaneous
cross screw internal fixation (PCSIF) in the treatment of
Day type II crescent fracture-dislocation, and to evaluate
its clinical application prospects.
Materials and methods
Patients

From June 2005 to December 2017, a total of 66 patients
with Day type II CFD were selected and retrospectively
analyzed according to the following criteria. According
to different surgical methods, patients with Day type II
CFD were divided into minimally invasive percutaneous
cross screw internal fixation treatment group (group A,
40 cases) and open reduction and internal fixation treatment group (group B, 26 cases). The eligibility criteria
were (1) Day type II crescent fracture-dislocation; (2) recipients of surgery including open or closed reduction
internal fixation; and (3) complete follow-up and information. Exclusion criteria included (1) children pelvic
fractures; (2) local or systemic infections; and (3) severe
blood vessel and nerve injury. Patient characteristics
such as age, sex, injury mechanisms, and fracture classification were extracted from the database. The data were
analyzed anonymously and personal identifiers were
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completely removed. This study followed the guidelines
of the “Declaration of Helsinki” and was approved by the
hospital’s ethics committee. Written informed consent
was obtained from all patients.
Surgical technique

In our study, the anterior ring injury could be fixed in
the same incision while the posterior ring was fixed by
plate through the anterior approach. The rest of the patients who needed anterior ring surgery were fixed in
the supine position, then the posterior ring was fixed in
the prone position. Forty-six cases of anterior ring injury
were treated with closed reduction screw fixation, 12
cases were treated with ORIF, and the remaining 8 patients were not fixed because the anterior ring fracture
did not move significantly. Among them, there were 5
cases of pubic rami fracture with pubic symphysis separation. So they were fixed with percutaneous pubic symphysis screw and pubic rami screw in one stage.
Percutaneous cross screw internal fixation (group A)

One to two posterior iliac cross screws combined with 1
sacroiliac joint screw fixation in prone position. If the
patient was accompanied by anterior ring pubic rami
fracture or pubic symphysis separation, the anterior ring
injury was first fixed with pubic rami screws or/and
pubic symphysis screws.
After successful anesthesia, the patient was placed on
the X-ray surgical bed with complete fluoroscopy. When
the fracture displacement of the pelvis anterior and posterior rings was obvious, the anterior ring should be reset and fixed firstly. Then, we pushed the compressive
iliac bone on the injured side outward manually or used
a 5-mm Schanz nail to insert the edge of the iliac crest
to assist the external rotation of the ilium for reduction.
At the same time, external rotation and abduction of the
hip joint could also play a role in assisting the external
rotation of the injured side of the iliac bone. Once closed
reduction was difficult, it made a small incision of 0.5
cm at the apex of the fracture and dislocation. A top rod
was used to push the proximal dislocated part of the
iliac posterior fracture to the distal end, assisted by longitudinal traction of the lower extremities. When closed
reduction was completed, percutaneous screw fixation
was performed. Generally, the sacroiliac joint screw fixation was performed before the posterior iliac screw fixation on the basis of correcting the vertical displacement
of the posterior iliac fracture.
After the fracture was reduced, the insertion point of
the posterior iliac screw on the central side of the posterior superior iliac spine was identified with the aid of
fluoroscopy. The guide pin pointed to the anterior inferior iliac spine, and inserted 15° outwardly in the transverse plane and 30° downwardly in the sagittal plane.
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The lateral pelvic image and the obturator oblique position image should be repeatedly seen to ensure that the
guide pin was located above the large ischial notch and
in the center of the tear drop. Finally, the depth of the
guide pin was measured by the ilium oblique position
image. If necessary, the second guide pin could be
inserted 1 to 2 cm above and outside from the first one.
Screwed the hollow compression screw with a diameter
of 6.5 mm or 7.3 mm along the guide pin, and made sure
that the screw was in the iliac bone (the operation diagram was shown in Fig. 1 and typical case was shown in
Fig. 2).
ORIF (group B)

In 10 cases, reconstruction plates and screws were
placed to fix the sacroiliac joint and the iliac fracture
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through the anterior ilioinguinal approach. The
remaining 16 patients were treated with posterior approach. Plate and screws were used to fix the iliac fracture, and hollow screws were used to fix the sacroiliac
joint. Drainage tubes were routinely placed in this
group.
Postoperative treatment

All patients underwent pelvic radiograph examination
on the second day after surgery. The drainage tube was
removed within 24 to 72 h after the operation depending
on the drainage fluid. The use of antibiotics was according to the incision level. Anticoagulation therapy was required after surgery unless the patients had
contraindications. Encouraged patients to perform rollover exercises in bed 1 day after surgery. Partial weight-

Fig. 1 A diagram for the process of fracture reduction and fixation. a Pelvic Day type II crescent fracture-dislocation. b A 5-mm Schanz nail was
inserted into the ilium to correct the rotational displacement. c A the top rod was used to correct the separation displacement. d Percutaneous
insertion of guide pin to fix the sacroiliac joint. e Another guide pin was inserted 15° outwardly in the transverse plane and 30° downwardly in
the sagittal plane to fix the iliac fracture. f Screwed the hollow compression screws with a diameter of 6.5 mm or 7.3 mm along the guide pin
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Fig. 2 The typical Day type-II crescent fracture-dislocation case. a Preoperative schematic diagram. b Preoperative X-ray. c Preoperative CT
examination. d Postoperative X-ray. e\f Postoperative functional evaluation

bearing exercise was performed with double crutches 3
months after the operation, and full weight-bearing
walking was allowed 4 to 6 months postoperatively.
Follow-up and outcome evaluation

All patients were followed up at 6 weeks, 3, 6, and 12
months after surgery, and then followed up every year.
Pelvic X-ray examination, Majeed score, physical examination, and neurological function examination were
performed at each follow-up. Radiological results were
graded according to the maximum residual displacement
of the posterior or anterior pelvic ring injury (excellent,
< 4 mm; good, 5-10 mm; fair, 11-20 mm; poor, > 20 mm)
[14]. Functional outcomes were measured at the last
follow-up according to the criteria described by Majeed
et al. [15], which is based on pain, sitting, walking, sexual
intercourse, and work (excellent, 85-100 points; good,
70-84 points; fair, 55-69 points; poor, < 55 points).

Results
There were no significant differences between the two
groups with regard to age, sex, injury mechanisms, and
fracture classification(P > 0.05, Table 1). Perioperative
data were compared between the two groups in Table 2.
The average time from injury to surgery was 3.5 ± 2.0
days in group A and 4.0 ± 2.2 days in group B (P =
0.365). The mean operative time was significantly less in
group A than in group B (36.2 ± 8.8 vs 80.2 ± 9. 1 min;
Table 1 General characteristics and fracture data
Variable
Age (years)

Group A

Group B

N = 40

N = 26

36.2 ± 7.7

35.4 ± 7.4

Sex

Statistical analysis was performed using SPSS 18.0 (SPSS
Inc., Chicago, Ill). Continuous variables were expressed
as mean ± standard deviation. Comparisons between
groups were performed using the Student’s t test, chisquare test, Fisher’s exact test, and Wilcoxon rank-sum
test. P value less than 0.05 was considered statistically
significant.

0.429
0.575

Male

25

18

Female

15

8

22

16

Injury mechanism

Statistical analysis

P value

Traffic accident
Falling accident

0.941

8

4

Heavy objects

6

4

Other causes

4

2

Tile type

0.630

B2.2

27

19

B2.3

13

7
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Table 2 Perioperative data
Variable

Group A

Group B

P value

Time to surgery (days)

3.5 ± 2.0

4.0 ± 2.2

0.365

Operative time (min)

36.2 ± 8.8

80.2 ± 9. 1

< 0.01

Blood loss (ml)

18.3 ± 8.8

325 ± 78.9

< 0.01

Incision length (cm)

1.8 ± 0.8

13.2 ± 2.0

< 0.01

Hospital stay (days)

4.3 ± 1.6

9.2 ± 4.5

< 0.01

P < 0.01). Mean intraoperative blood loss in group A
(18.3 ± 8.8 mL) was much less than that in group B (325
± 78.9 mL, P < 0.01). The average incision length in
group A was 1.8 ± 0.8 cm, which was significantly longer
in the control group (13.2 ± 2.0 cm, P < 0.01). There was
a statistically significant difference in hospital stay between group A and group B, 4.3 ± 1.6 days and 9.2 ± 4.5
days, respectively (P < 0.01).
The reduction quality of the two groups was equal (P =
0.784, Table 3). The radiological results in group A were
excellent in 23 patients, good in 14 patients, fair in 3 patients, and none had poor results at the last follow-up. In
comparison, the results in group B were excellent in 17
patients, good in 7 patients, fair in 2 patients, and none
had poor results. The average follow-up time was 13 ±
3.5 months (10-24 months) in group A; and 14 ± 4.0
months (9-26 months) in group B. No significant difference was found in the Majeed score at the last follow-up
postoperatively between two groups (P = 0.305, Table 4).
The Majeed scores in group A were excellent in 22 patients, good in 12 patients, fair in 5 patients, and poor in 1
patient. While 8 patients were assessed as excellent, 10 as
good, 6 as fair, and 2 as poor in group B.
Intraoperative complications occurred in three patients
in group B (1 massive vascular damage bleeding and 3
iatrogenic neurologic injuries), but none in group A.
During the postoperative follow-up, 3 cases of recurrent
pain, 3 cases of mild claudication, and 3 case of low back
pain were found in group A. In group B, there were 3
cases of recurrent pain, 1 case of mild claudication, and
1 case of sexual dysfunction were found.

Discussion
Borrelli et al. firstly reported the cases of pelvic crescent
fracture-dislocation, and all patients were fixed with hollow screws and plates through posterolateral approach
[6, 7]. For the treatment of type II CFD, the main surgical method is ORIF by anterior or posterior approach.
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The advantages of anterior approach surgery are completely expose, accurately anatomical reduction, and
immediately stabilize the sacroiliac joint, but the disadvantages are major surgical incision, long operation
time, severe soft tissue damage, and L5 and S1 nerve
root injury [16–18]. However, the posterior approach
surgery has superiority in exposing the posterior
structure of the iliac bone, reducing blood vessel and
nerve injury, enough space for placing plate and anatomical reduction of fractures besides the reduction
of sacroiliac joint [6–8, 11, 19]. ORIF will cause more
intraoperative bleeding, greater surgical trauma, and a
relatively higher incidence of postoperative incision
complications, which also affects the efficacy of
surgery.
In recent years, minimally invasive techniques for
closed reduction and percutaneous fixation of pelvic
fractures have made great progress [20–23]. On the basis
of the Day classification, we tried to apply percutaneous
sacroiliac joint screws plus posterior iliac screws to treat
type II CFD, achieving the purpose of minimally invasive
treatment [24]. In this study, we found that PCSIF has
less surgical trauma, less intraoperative blood loss,
shorter operation time, and lower infection rate than
traditional methods. But the shortcomings were that the
quality of sacroiliac joint reduction was unguaranteed
and the placement of screws required frequent X-ray
confirmation. There was no significant difference between the two groups in terms of postoperative Matta
score. The mean Majeed score at the last follow-up in
group A was higher than that in group B. However, the
difference was not statistically significant and might be
related to the small number of patients.
The key to the treatment of type II CFD with percutaneous cross screw internal fixation is reduction, so it is
necessary to select the appropriate case. The patients
with crescent fracture rupture, abnormal sacral anatomy,
and dissatisfaction with closed reduction are not suitable
for this operation. In the order of fixation, the sacroiliac
joint is fixed first, and then the percutaneous posterior
iliac screw is used to fix the iliac fracture. The fluoroscopic examination should be repeated to ensure the
guide pin inserts correctly. Piston-like movements
should be done during the insertion of the guide pin to
feel the guide pin walking in the iliac bone. The more
mistakes in placing the guide pin, the more likely the
screw will loosen and shift.

Table 3 Postoperative radiological results
Group

No. of displacements remaining after reduction
Excellent (0-4 mm)

Good (5-10 mm)

Fair (11-20 mm)

Poor (> 20 mm)

P value
0.784

A (N = 40)

23

14

3

0

B (N = 26)

17

7

2

0
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Table 4 Functional results at the last follow-up
Group

No. of displacements remaining after reduction
Excellent (> 85)

Good (70-84)

Fair (55-69)

Poor (< 55)

P value

A (N = 40)

22

12

5

1

0.225

B (N = 26)

8

10

6

2

There were several limitations in this study. First, this
was a retrospective study, and selection bias was unavoidable. Second, the data in this article came from a
single center and the amount of data was limited. Third,
the follow-up time was relatively short. Furthermore,
there was no comparison of anterior approach and posterior approach surgery. It is necessary to expand the
sample size in future studies for further comparison.
Therefore, a further investigation with a larger sample
size and a prospective randomized controlled design is
needed.
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Conclusion
Percutaneous cross screw internal fixation for Day II
type pelvic crescent fracture-dislocation is safe and effective, but the indications must be strictly controlled.
Intraoperative closed reduction technique is still the key.
The surgeon needs to have a wealth of experience in
open reduction and internal fixation surgery, as well as a
certain learning curve.

References
1. Yao DC, Jeffrey RB Jr, Mirvis SE, Weekes A, Federle MP, Kim C, et al. Using
contrast-enhanced helical CT to visualize arterial extravasation after blunt
abdominal trauma: incidence and organ distribution. AJR Am J Roentgenol.
2002;178(1):17–20.
2. Saydam M, Şahin M, Yilmaz KB, Tamam S, Ünlü G, Atilla H, et al. Correlation
of pelvic fractures and associated injuries: an analysis of 471 pelvic trauma
patients. Ulus Travma Acil Cerrahi Derg. 2019;25(5):489–96.
3. Lee MJ, Wright A, Cline M, Mazza MB, Alves T, Chong S. Pelvic fractures and
associated genitourinary and vascular injuries: a multisystem review of
pelvic trauma. AJR Am J Roentgenol. 2019;213(6):1297–306.
4. Schmal H, Hauschild O, Culemann U, Pohlemann T, Stuby F, Krischak G,
et al. Identification of risk factors for neurological deficits in patients with
pelvic fractures. Orthopedics. 2010;33(8). https://doi.org/10.3928/0147744720100625-13.
5. Abdelfattah A, Moed BR. Ligamentous contributions to pelvic stability in a
rotationally unstable open-book injury: a cadaver study. Injury. 2014;45(10):
1599–603.
6. Borrelli J, Koval KJ, Helfet DL. Operative stabilization of fracture dislocations
of the sacroiliac joint. Clin Orthop Relat Res. 1996;329:141–6.
7. Borrelli J, Koval KJ, Helfet DL. The crescent fracture: a posterior fracture
dislocation of the sacroiliac joint. J Oahop Trauma. 1996;10(3):165–70.
8. Day AC, Kinmont C, Bircher MD, Kumar S. Crescent fracture-dislocation of
the sacroiliac joint. J Bone Joint Surg Br. 2007;89(5):651–8.
9. Choy WS, Kim KJ, Lee SK, Park HJ. Anterior pelvic plating and sacroiliac joint
fixation in unstable pelvic ring injuries. Yonsei Med J. 2012;53(2):422–6.
10. Bai Z, Gao S, Liu J, Liang A, Yu W. Anatomical evidence for the anterior
plate fixation of sacroiliac joint. J Orthop Sci. 2018;23(1):132–6.
11. Zong Z, Chen S, Jia M, Shen Y, Hua X, Liu D. Posterior iliac crescent
fracture-dislocation: is it only rotationally unstable? Orthopedics. 2014;
37(5):e435–40.
12. Calafi LA, Routt ML Jr. Posterior iliac crescent fracture-dislocation: what
morphological variations are amenable to iliosacral screw fixation? Injury.
2013;44(2):194–8.
13. Cai L, Zhang Y, Zheng W, Wang J, Guo X, Feng Y. A novel percutaneous
crossed screws fixation in treatment of Day type II crescent fracturedislocation: a finite element analysis. J Orthop Translat. 2019;20:37–46.
14. Matta JM, Tornetta P III. Internal fixation of unstable pelvic ring injuries. Clin
Orthop Relat Res. 1996;329:129–40.
15. Majeed SA. Grading the outcome of pelvic fractures. J Bone Joint Surg Br.
1989;71(2):304–6.
16. Alla SR, Roberts CS, Ojike NI. Vascular risk reduction during anterior surgical
approach sacroiliac joint plating. Injury. 2013;44(2):175–7.
17. Li CL. Clinical comparative analysis on unstable pelvic fractures in the
treatment with percutaneous sacroiliac screws and sacroiliac joint anterior
plate fixation. Eur Rev Med Pharmacol Sci. 2014;18(18):2704–8.

Abbreviations
PCSIF: Percutaneous cross screws internal fixation; CFD: Crescent fracturedislocation; ORIF: Open reduction and internal fixation
Acknowledgements
This research was supported by Wenzhou Basic Scientific Research project
funding (No. Y20180321), Zhejiang Natural Science Fund project funding (No.
LY19H060003).
Authors’ contributions
Guangheng Xiang, Jian Xiao, and Yongzeng Feng contributed to the idea
and design. Guangheng Xiang, Xiaoyu Dong, Xingan Jiang, Leyi Cai, and
Jianshun Wang contributed to the data acquisition and analysis. GuangHeng Xiang, Xiaoshan Guo, Yongzeng Feng, and Jian Xiao contributed to the
manuscript writing and revision. All authors contributed to data acquisition and
analysis and to manuscript writing and revision, and agreed to all aspects of the
work.
Funding
This research was supported by Wenzhou Basic Scientific Research project
funding (No. Y20180321), Zhejiang Natural Science Fund project funding (No.
LY19H060003).
Availability of data and materials
Patient data comes from our hospital’s medical records follow-up database,
transparent and available.
Ethics approval and consent to participate
This study followed the guidelines of the “Declaration of Helsinki” and was
approved by the hospital’s ethics committee. Written informed consent was
obtained from all patients.
Consent for publication
Not applicable.

Author details
1
Department of Orthopaedic, The Second Affiliated Hospital and Yuying
Children’s Hospital of Wenzhou Medical University, Wenzhou, Zhejiang
325035, China. 2School of Pharmaceutical Sciences, Wenzhou Medical
University, Wenzhou, Zhejiang 325035, China.
Received: 12 May 2020 Accepted: 30 December 2020

Xiang et al. Journal of Orthopaedic Surgery and Research

(2021) 16:36

18. Zhang R, Yin Y, Li S, Hou Z, Jin L, Zhang Y. Percutaneous sacroiliac screw
versus anterior plating for sacroiliac joint disruption: a retrospective cohort
study. Int J Surg. 2018;50:11–6.
19. Moon CN, Merkle PF. A level one trauma center’s experience with the
posterior approach to the pelvis. Orthopedics. 2002;25(2):159–62.
20. Déjardin LM, Marturello DM, Guiot LP, Guillou RP, DeCamp CE. Comparison
of open reduction versus minimally invasive surgical approaches on screw
position in canine sacroiliac lag-screw fixation. Vet Comp Orthop Traumatol.
2016;29(4):290–7.
21. Tsai YT, Hsu CL, Hung CC, Chou YC, Wu CC, Yeh TT. Conventional plate
fixation versus minimally invasive modified pedicle screw-rod fixation for
anterior pelvic ring fractures. PLoS One. 2019;14(4):e0215233.
22. Kim WY, Lee SW, Kim KW, Kwon SY, Choi YH. Minimally invasive surgical
treatment using ‘iliac pillar’ screw for isolated iliac wing fractures in geriatric
patients: a new challenge. Eur J Trauma Emerg Surg. 2019;45(2):213–9.
23. Becker CA, Kussmaul AC, Suero EM, Regauer M, Woiczinski M, Braun C, et al.
Tape suture for stabilization of incomplete posterior pelvic ring fracturesbiomechanical analysis of a new minimally invasive treatment for
incomplete lateral compression pelvic ring fractures. J Orthop Surg Res.
2019;14(1):465.
24. Shui X, Ying X, Mao C, Feng Y, Chen L, Kong J, et al. Percutaneous screw
fixation of crescent fracture-dislocation of the sacroiliac joint. Orthopedics.
2015;38(11):e976–82.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 7 of 7

