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History

To aid in rapid and appropriate treatment of pelvic ring inju-

ries, numerous attempts to classify these injuries have been

made. In 1938 Watson-Jones proposed a schema based pri-

marily on fracture location [26]. Huittinen and Slatis noted the

relationship between the direction of impact and the resulting

pelvic injury pattern [6] and Trunkey et al. [25] introduced the

concept of stability. Location and magnitude of the applied

force, either high or low energy, have been recognized as

important factors responsible for pelvic injuries [6, 7]. Sta-

bility of the ring also was identified as a critical component of

pelvic ring management [10]. Pennal et al. [14] were the first

to systematically describe the force vector responsible for

pelvic ring injury as AP compression (APC), lateral com-

pression (LC), or vertical shear (VS). Tile et al. [23] added the

concept of stability (ie, stable, vertically stable but rotationally

unstable, vertically and rotationally unstable). Acetabular

fractures were considered separately in the classifications of

Tile et al. (comprehensive classification) [23] and Young et al.

(Young and Burgess classification) [27].

In 1986, Young et al. described 142 patients with pelvic

ring injuries and classified their injuries mechanistically

[27] (Fig. 1). Using AP pelvic radiographs, pelvic injuries

(fractures and joint disruptions from ligamentous injuries)

were identified. These injuries appeared in patterns corre-

lating with the direction and location of applied force. The

authors cited the necessity for rapid and accurate diagnosis

of pelvic injuries and correction of pelvic deformity as

essential aspects of the resuscitation and treatment of

patients with pelvic ring injuries.

By understanding that APC injuries result in external

rotation of the hemipelvis and learning to identify this

deformity on rapidly obtained AP pelvic radiographs, pro-

viders learned to apply circumferential resuscitative splints

(pelvic binders or pelvic sheets) to correct this deformity,

decrease intrapelvic volume, and aid in patient resuscitation.

Additionally, by recognizing vertical shear injuries, traction

can be applied to reduce the proximally displaced hemi-

pelvis. These concepts were articulated by Young et al. [27]

and continue to be a cornerstone in the evaluation and

treatment of patients with pelvic ring injuries.

Purpose

The vector of force applied to the pelvic ring is an

important determining factor in resulting injury pattern and

is the foundation of the Young and Burgess classification

system. AP-directed forces cause deformity or instability in

a predictable pattern based on the injury and disruption of

anterior and posterior pelvic structures. Originally, Bu-

cholz [1] evaluated AP injuries and classified them in three

types based on the extent of injury to the posterior pelvic

elements and this concept was applied to the Young and

Burgess classification [27].
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Description

Anterior Posterior Compression (APC)

APC I injuries show less than 2.5 cm of symphyseal wid-

ening and have no posterior instability either clinically or

radiographically [27]. APC II injuries show widening of the

symphysis pubis and instability of the posterior pelvis

resulting from disruption of the anterior sacroiliac complex

[27]. Tile et al. [23] found that division of the anterior

structures of the symphysis pubis without disruption of the

posterior structures allowed the symphysis pubis to widen as

much as 2.5 cm. After this point, division of the sacrosp-

inous, sacrotuberous, and anterior sacroiliac ligaments is

required for additional widening. APC III injuries can be

challenging to classify and difficult to diagnose, especially

in the current era of pelvic wraps where radiographic evi-

dence of posterior injury may be difficult to see on AP

images of the pelvis but are more clear on axial CT scans. In

the original description by Young et al. [27], eight of the 10

APC II injuries had widening greater than 2.5 cm at the

symphysis pubis, whereas the two with widening less than

2.5 cm had radiographic evidence of anterior sacroiliac joint

disruptions. Type III injuries are those associated with

complete posterior ligamentous disruption. While fractures

are less common in APC-type injuries, when they occur,

they often involve the pubic rami and are vertically oriented

[27].

Fig. 1 The classification of pelvic disruptions as described by Young et al. [27] is shown. (Published with permission from Kate Sweeney, UW

Creative, University of Washington, Seattle, WA, USA.)
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Lateral Compression (LC)

LC injuries result when a force, laterally based and directed

medially, is applied to the pelvis. Based on the location and

magnitude of the applied force, different injury patterns result

[27]. Fracture is more common with LC injuries than with

APC injuries. In the original description by Young et al. [27],

100% of LC injuries had ramus fractures, 88% had sacral

fractures, 19% had iliac wing fractures, and 19% had central

hip dislocations. Rami fractures in LC patterns are more

horizontal or coronal in orientation than with APC injuries,

where vertical fractures are expected [27]. LC I injuries result

from a lateral force delivered over the posterior aspect of the

pelvis and represent a spectrum of injury. Sacral injury

severity ranges from an incomplete anterior buckle fracture to

complete sacral fracture based on the amount of energy

applied to the pelvis at the time of injury. The degree of pelvic

instability correlates with the severity of injury [27] and there

may be a role for stress radiographs in classifying this insta-

bility. LC II injuries result from a more anteriorly directed

force. This causes internal rotation of the anterior hemipelvis

with possible external rotation of the posterior hemipelvis

with the anterior sacroiliac joint serving as a fulcrum. The

resulting posterior pelvic injury in LC II patterns may be a

sacral fracture, sacroiliac ligament and joint disruption, or

crescent fracture-dislocation of the ilium. LC III injuries result

from greater force. The internal rotation of the ipsilateral

hemipelvis causes injury to the contralateral hemipelvis in the

form of anterior sacroiliac ligament disruption and sacrosp-

inous and sacrotuberous ligament injury [27].

Vertical Shear (VS)

VS injuries result from an axially loaded force delivered over

one or both hemipelves lateral to the midline. Significant

force, such as being struck by falling trees on the head or

upper torso or a jump or fall from height, is required to

generate a VS pelvic injury [27]. The sacrum is driven down,

relative to the iliac wing, resulting in complete ligamentous

injury and disruption of the sacrospinous, sacrotuberous,

anterior, and posterior sacroiliac ligaments on the injured

side. Fracture of the pelvic ring may be present instead of

ligamentous injury [27].

Complex

Complex injury patterns are a combination of any three

primary patterns (APC, LC, or VS). The majority of the

complex injury patterns originally described by Young

et al. [27] resulted from LC injuries being combined with

AP or VS patterns.

In addition to describing injury patterns, the Young and

Burgess classification correlates with extrapelvic injuries.

Dalal et al. [2] showed that death in patients with pelvic

ring injuries often is attributable to other, extrapelvic

injuries and highlighted that the mechanical force type and

resulting pelvic deformity can indicate expected organ

injuries, resuscitation needs, and mortality rates.

Reliability

Young et al. [27] were able to correctly diagnose injuries

based on AP radiographs of the pelvis in 94% of cases. CT

scans were used secondarily to evaluate posterior pelvic

ligamentous injuries, sacral fractures, and acetabular frac-

tures but had little role in the initial evaluation and

stabilization of their severely injured patients [27].

Koo et al. [9] compared the interobserver reliability of

three radiographs (AP, inlet, outlet) and CT scans for

applying the Young and Burgess and Tile comprehensive

classification [9]. Thirty patients were selected for review

from a trauma database. The kappa value for experienced

pelvic/acetabular surgeons was 0.85 (range, 0.71–0.92) with

agreement on 70% of presented cases. As experience

increased, so too did the kappa values [9]. CT scans did not

statistically improve the reliability of this system but did aid

in the determination of pelvic stability, with kappa values

increasing from 0.59 (moderate) to 0.93 (excellent) [9]. They

found the Tile comprehensive classification to have a kappa

value of 0.30 for pelvic AP radiographs, improving to 0.33

with the addition of two-dimensional axial CT scans [9].

In a similar study, Furey et al. [3] reported on 89

patients with pelvic fractures. Five experienced orthopae-

dic surgeons evaluated the AP pelvic radiographs and two-

dimensional axial CT scans and calculated the kappa value

for the Young and Burgess classification system to be 0.72.

The Tile comprehensive classification kappa value was

0.47 [3].

Gabbe et al. [4] evaluated interobserver reliability of

experienced orthopaedic trauma surgeons using the Young

and Burgess classification system in 187 pelvic fractures

treated at two Level 1 trauma centers in Victoria, Australia.

Preintervention (before placement of a pelvic binder or

external fixation device) pelvic AP radiographs and three-

dimensional pelvic CT scans were evaluated and the kappa

value was found to be quite low at 0.09 to 0.21 [4]. They

questioned the utility of this classification system for

clinical and research applications but the vast differences in

their classification of even major categories is remarkable.

For example one surgeon classified 30% of fractures as VS

while others assigned only 1% and 8% to this group. They

also found the Tile comprehensive classification to have a

poor kappa (0.10 to 0.17) [4].
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This discrepancy in kappa values can be explained in

part by selection bias as Furey et al. [3] and Koo et al. [9]

were specific with their inclusion criteria, only selecting

patients with adequate radiographs and CT scans available

for review. Additionally, all their reviewers were from the

same institution. Gabbe et al. [4] reviewed a larger, more

heterogenous sample, with more severe injuries and used

evaluators from three different institutions. However, they

did not evaluate intraobserver reliability [4].

Other Schemes

In 2007 the AO and Orthopaedic Trauma Association

(OTA) agreed to combine their classification schema and

accepted the AO/OTA classification for pelvic ring injuries

[12]. This system separates pelvic ring injuries based on

anatomic location and stability (stable, partially stable and

unstable). The Young and Burgess classification is refer-

enced in subgroups where appropriate.

The comprehensive classification, as described by Tile

et al. [23] for pelvic ring injuries, also is widely used and is

similar to the AO/OTA schema with only minor differences.

The Tile classification originally was described in 1980

[14, 21, 24] and subsequently modified to what is com-

monly referred to as the ‘‘comprehensive classification’’

[23]. It uses the concept of pelvic ring stability to differ-

entiate injuries in three primary categories, each with

subsets of injury patterns. Type A injuries are considered

stable and do not disrupt the pelvic ring. They include

injuries such as sacrococcygeal dislocations and ischial

avulsion injuries. Type B injuries are vertically stable but

rotationally unstable while Type C injuries are vertically

and rotationally unstable.

Other classification systems for pelvic ring injuries have

been introduced since the introduction of the Young and

Burgess classification, but none is used with the same fre-

quency and uniformity [2, 8, 13]. The concept of stability

plays a central role in the treatment of pelvic injuries, even

predicting transfusion rates and mortality [11], and is a

fundamental aspect of each of these classification systems.

While the Young and Burgess classification highlights the

importance of properly identifying injuries and displacement

patterns on AP pelvis radiographs, many surgeons use

multiple classification systems and imaging modalities such

as CT scans and stress radiographs when developing treat-

ment plans and planning surgical interventions.

Limitations

Radiographic evaluation of pelvic ring injuries is limited

because these are unstressed, single images of complex

injury patterns, often with significant soft tissue disrup-

tions. Because these radiographs image bones and not soft

tissues, the position of the osseous structures does not

necessarily capture the full extent of ligamentous injury.

This is true with all classification systems based on

radiographic findings, plain radiographs, and CT scans.

In the original description by Young et al. [27], a 2.5-cm

diastasis at the symphysis pubis was the criterion to dif-

ferentiate APC I from APC II injuries, this was confirmed

by Tile [22]. This measurement is made off a single, static

radiograph at one time. However, Gardner et al. [5] showed

pelvic ring injuries recoil and the displacement seen on

pelvic AP radiographs often underrepresent the actual

degree of injury as the pelvis may have ‘‘sprung back’’ or it

may be reduced by a pelvic binder or sheet.

Orthopaedists struggle to differentiate APC I from APC

II and APC II from APC III injuries. Suzuki et al. [20]

identified ‘‘occult APC II injuries’’ in four of 20 injuries.

Presumed APC I patterns were evaluated with dynamic

stress fluoroscopy with the patient anesthetized, and indi-

cated more displacement, consistent with APC II patterns

[20]. Sagi et al. [18] identified ‘‘occult APC III injuries’’ at

a rate of 39% with similar methods. These data suggest that

unstressed imaging may underrepresent the degree of

injury and true pelvic instability. There may be a role for

stress radiographs in the diagnosis and management of

these injuries; however, the specific indication for these

studies is yet to be defined.

The Young and Burgess classification system also is

limited as it provides little guidance for treatment. The

concept of stability, central to the AO/OTA classification

system, is not a part of the Young and Burgess classifica-

tion. The role for anesthetized stress radiographs for

evaluation of pelvic stability also is not addressed [18].

At the time of publication of the Young and Burgess

classification, surgical interventions of the posterior ring

were limited, as iliosacral screw fixation of the posterior

pelvis was not common practice. More recently, with the

advent of iliosacral, transiliac-transsacral screws, and a

better understanding of safe pelvic osseous corridors, per-

cutaneous fixation is more widely accepted and more

frequently used for pelvic ring fractures [16, 17]. Addi-

tionally, the technique for fixation of APC injuries remains

debated. In 2008, Sagi and Papp [19] showed multiple-hole

anterior plates to be superior to two-hole plates for anterior

pelvic fixation for pelvic ring injuries. They also found an

unexpectedly high rate of fixation failure with loss of

reduction of 22% for isolated APC II pelvic ring injuries

treated with anterior multiple-hole plate fixation alone [19].

Putnis et al. [15] also found six of 43 patients treated

surgically for APC injuries had anterior fixation failure and

loss of reduction; all of these were APC II injuries treated

with isolated anterior fixation and no posterior iliosacral
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screws. The role for posterior pelvic fixation with APC II

pelvic fractures remains unclear and debated [18].

Conclusions

Young et al. [27] identified recurring fracture patterns and

ligamentous injuries evident on AP pelvic radiographs and

correlated these with applied vectors of force to the pelvis,

creating a mechanistic classification of pelvic ring injuries.

They described four patterns, APC, LC, VS, and combined

injuries. This classification system is limited in its descrip-

tion of posterior ring injuries, particularly in APC patterns.

Interobserver reliability is less than ideal. Treatment of the

posterior pelvic ring and the clinical significance of the

degree of posterior pelvic injury remain debated. Futures

studies correlating specific surgical interventions for differ-

ent Young and Burgess classification injury patterns with

long-term outcomes would be beneficial.

References

1. Bucholz RW. The pathological anatomy of Malgaigne fracture-

dislocations of the pelvis. J Bone Joint Surg Am. 1981;63:

400–404.

2. Dalal SA, Burgess AR, Siegel JH, Young JW, Brumback RJ,

Poka A, Dunham CM, Gens D, Bathon H. Pelvic fracture in

multiple trauma: classification by mechanism is key to pattern of

organ injury, resuscitative requirements, and outcome. J Trauma.

1989;29:981–1000; discussion 1000–1002.

3. Furey AJ, O’Toole RV, Nascone JW, Sciadini MF, Copeland CE,

Turen C. Classification of pelvic fractures: analysis of inter- and

intraobserver variability using the Young–Burgess and Tile

classification systems. Orthopedics. 2009;32:401.

4. Gabbe BJ, Esser M, Bucknill A, Russ MK, Hofstee DJ, Cameron

PA, Handley C, de Steiger RN. The imaging and classification of

severe pelvic ring fractures: experiences from two level 1 trauma

centres. Bone Joint J. 2013;95:1396–1401.

5. Gardner MJ, Krieg JC, Simpson TS, Bottlang M. Displacement

after simulated pelvic ring injuries: a cadaveric model of recoil.

J Trauma. 2010;68:159–165.

6. Huittinen VM, Slatis P. Fractures of the pelvis: trauma mecha-

nism, types of injury and principles of treatment. Acta Chir

Scand. 1972;138:563–569.

7. Huittinen VM, Slatis P. Nerve injury in double vertical pelvic

fractures. Acta Chir Scand. 1972;138:571–575.

8. Isler B, Ganz R. [Classification of pelvic girdle injuries][in

German]. Unfallchirurg. 1990;93:289–302.

9. Koo H, Leveridge M, Thompson C, Zdero R, Bhandari M, Kreder

HJ, Stephen D, McKee MD, Schemitsch EH. Interobserver

reliability of the Young–Burgess and Tile classification systems for

fractures of the pelvic ring. J Orthop Trauma. 2008;22:379–384.

10. Looser KG, Crombie HD Jr. Pelvic fractures: an anatomic guide

to severity of injury. Review of 100 cases. Am J Surg.

1976;132:638–642.

11. Manson T, O’Toole RV, Whitney A, Duggan B, Sciadini M,

Nascone J. Young–Burgess classification of pelvic ring fractures:

does it predict mortality, transfusion requirements, and non-

orthopaedic injuries? J Orthop Trauma. 2010;24:603–609.

12. Marsh JL, Slongo TF, Agel J, Broderick JS, Creevey W, DeCoster

TA, Prokuski L, Sirkin MS, Ziran B, Henley B, Audige L. Fracture

and dislocation classification compendium - 2007: Orthopaedic

Trauma Association classification, database and outcomes com-

mittee. J Orthop Trauma. 2007;21(10 suppl):S1–133.

13. Mayr E, Braun W, Ruter A. [Is there a classification of pelvic ring

injuries, which takes the trauma mechanism, morphology and stability

relations into consideration and thereby gives references for sub-

sequent therapy?][in German]. Zentralbl Chir. 1994;119:597–607.

14. Pennal GF, Tile M, Waddell JP, Garside H. Pelvic disruption:

assessment and classification. Clin Orthop Relat Res. 1980;151:

12–21.

15. Putnis SE, Pearce R, Wali UJ, Bircher MD, Rickman MS. Open

reduction and internal fixation of a traumatic diastasis of the

pubic symphysis: one-year radiological and functional outcomes.

J Bone Joint Surg Br. 2011;93:78–84.

16. Routt ML Jr, Kregor PJ, Simonian PT, Mayo KA. Early results of

percutaneous iliosacral screws placed with the patient in the

supine position. J Orthop Trauma. 1995;9:207–214.

17. Routt ML Jr, Simonian PT, Mills WJ. Iliosacral screw fixation:

early complications of the percutaneous technique. J Orthop

Trauma. 1997;11:584–589.

18. Sagi HC, Coniglione FM, Stanford JH. Examination under

anesthetic for occult pelvic ring instability. J Orthop Trauma.

2011;25:529–536.

19. Sagi HC, Papp S. Comparative radiographic and clinical outcome

of two-hole and multi-hole symphyseal plating. J Orthop

Trauma. 2008;22:373–378.

20. Suzuki T, Morgan SJ, Smith WR, Stahel PF, Flierl MA, Hak DJ.

Stress radiograph to detect true extent of symphyseal disruption

in presumed anteroposterior compression type I pelvic injuries.

J Trauma. 2010;69:880–885.

21. Tile M. Pelvic fractures: operative versus nonoperative treatment.
Orthop Clin North Am. 1980;11:423–464.

22. Tile M. Pelvic ring fractures: should they be fixed? J Bone Joint

Surg Br. 1988;70:1–12.

23. Tile M, Helfet D, Kellam J. Fractures of the Pelvis and Ace-

tabulum. Philadelphia, PA: Lippincott Williams & Wilkins; 2003.

24. Tile M, Pennal GF. Pelvic disruption: principles of management.

Clin Orthop Relat Res. 1980;151:56–64.

25. Trunkey DD, Chapman MW, Lim RC Jr, Dunphy JE. Manage-

ment of pelvic fractures in blunt trauma injury. J Trauma.

1974;14:912–923.

26. Watson-Jones R. Dislocations and fracture-dislocations of the

pelvis. Br J Surg. 1938;25:773–781.

27. Young JW, Burgess AR, Brumback RJ, Poka A. Pelvic fractures:

value of plain radiography in early assessment and management.

Radiology. 1986;160:445–451.

2342 Alton and Gee Clinical Orthopaedics and Related Research1

123


	Classifications in Brief: Young and Burgess Classification of Pelvic Ring Injuries
	History
	Purpose
	Description
	Anterior Posterior Compression (APC)
	Lateral Compression (LC)
	Vertical Shear (VS)
	Complex

	Reliability
	Other Schemes
	Limitations

	Conclusions
	References


