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Abstract A systematic review of the English literature over

the last 30 years was conducted in order to investigate the

correlation of the clinical outcome of different types of pelvic

ring injuries to the method of treatment. Three basic

therapeutic approaches were analysed: non-operative treat-

ment (group A), stabilisation of anterior pelvis (group B) and

internal fixation of posterior pelvis (group C). Of 818

retrieved reports, 27 case series, with 28 groups of patients

and 1,641 patients, met our inclusion criteria. The quality of

the literature was evaluated using a structured questionnaire.

Outcomes of the eligible studies were summarised by the

medians of the reported results. Most of the component

studies were of fair or poor quality. Certain radiological results

(quality of reduction, malunion rates) were significantly better

in group C. From the functional point of view only walking

capacity was proved to be significantly better in the groups of

operative treatment compared to the non-operative group.

Résumé Une revue systématique de la littérature anglo-

saxonne sur les 30 dernières années a été réalisée de façon à

analyser les corrélations concernant le devenir clinique des

différents traumatismes du bassin et leurs méthodes de

traitement. Trois approches thérapeutiques ont été analy-

sées, les traitements orthopédiques (Groupe A), stabilisation

du bassin antérieur (Groupe B) et fixation interne du bassin

antérieur (Groupe C). 818 articles analysés, 27 séries

représentant 28 groupes de patients (1641 patients) ont été

inclus. La qualité de la littérature a été évaluée en utilisant

un questionnaire structuré. La plupart des études sont de

peu d'intérêt. Certains résultats radiologiques, (qualité de la

réduction, pseudarthrose) sont significativement meilleur

dans le groupe C. Enfin sur le plan fonctionnel et sur le

plan de la récupération de la marche, il existe une différence

significative bien meilleure dans les groupes ayant bénéfi-

cié d'un traitement chirurgical comparé au groupe traité

orthopédiquement.

Introduction

Pelvic ring disruptions are relatively uncommon injuries

with a prevalence of 20-37/100,000 of the general

population [7]. Moreover, in the polytrauma setting their

prevalence rises to 20%, contributing significantly to its

high morbidity and mortality [21, 29].

Although in the past most of the pelvic fractures were

managed non-operatively, advances in fixation techniques and

a clearer understanding of biomechanics led to more “aggres-

sive” approaches [36]. Fixation of the anterior ring, particu-

larly with external fixators, gained an invaluable role in acute

management. Several authors advocate its use also for the

definitive treatment of certain fracture types [34]. The involve-

ment of the posterior osseous-ligamentous elements is often

underestimated, according to cadaveric and clinical studies
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[1]. Therefore, a significant number of surgeons strongly

support the fixation of the posterior elements [8, 40].

Many factors have been associated with the long-term

disability of pelvic fractures. The type of pelvic injury, the

neurovascular status and the associated trauma to different

organs precede medical interventions and are out of the

control of the surgeon [32]. Conversely, the poor quality of

reduction and residual pelvic deformity are associated with

the applied treatment methods, produce chronic pain and

compromise the final functional outcome [24, 38]. These

factors are influenced by the chosen therapeutic strategy

and the expertise of the surgeon.

In order to elicit these aspects of pelvic trauma, we

conducted a systematic review to investigate the impact of

different therapeutic approaches on quality and mainte-

nance of reduction, short-term clinical results and long-term

functional outcome.

Patients and methods

An electronic search of MEDLINE between January 1975

and March 2007 was performed, entering the following

terms and Boolean operators: pelvic ring fracture AND

outcome. We limited our results to “humans” and “English

language”. The references of the retrieved articles were also

searched for earlier eligible reports. Eligibility was assessed

according to specific inclusion and exclusion criteria

(Table 1).

Two independently working researchers (CP, NKK)

reviewed each retrieved citation. If a citation could not be

excluded unequivocally, the two reviewers reviewed the

complete report and discussed its eligibility. The search

process was not blinded to the authors’ names, institutions

or journals to avoid duplication of data.

Three different rationales of pelvic fracture management

comprised our comparative groups:

1. “Non-operative management” (solely non-operative

means were used—bed-rest, pelvic sling, skeletal

traction, spica casts etc.—irrespective of fracture type).

2. “Anterior pelvic fixation” (fixation limited to the anterior

pelvic ring—external fixators or plate fixation—even in

the presence of disruption of the posterior complex).

3. “Posterior pelvic fixation” (vertically/rotationally un-

stable pelvic fractures managed with internal fixation of

posterior pelvis—with/without supplementary anterior

fixation).

Short-term clinical results were evaluated in terms of

union, malunion, infection, loss of reduction and implant

failure rates. Long-term functional outcome evaluation was

based either on validated functional scoring systems or on

simple documentation of residual pain, alteration of walking

capacity and return of the employed patients to their previous

occupation.

Unfortunately, we were unable to locate relevant

randomised controlled trials (RCTs) and thus, we had to

rely on case series studies. To avoid corruption of our

results due to the inherent weaknesses, we established a

strict protocol and developed a quality scoring system. The

quality of each eligible study was evaluated in respect to

the research design and the follow-up process. Evaluation

of the follow-up process was based on the answers to four

specific questions (maximum score of 12) (Table 1).

Descriptive characteristics recorded were the publication

year, study type, sample size, mean age, male/female ratio,

follow-up rate, mean time of follow-up, percentage of open

pelvic fractures, type of pelvic injury, type of posterior

lesion, injury severity score (ISS), mortality, incidence of

associated injuries, lumbosacral plexus injury and genito-

Table 1 Inclusion and exclusion criteria used in the literature review and evaluation scheme on the quality of the reviewed studies (maximum

score 12)

Inclusion criteria Exclusion criteria

1 Series of at least 15 patients 1 Experimental studies

2 Clear reporting on the results of treatment 2 Paediatric cohorts (age <14 years)

3 Clear description on the method of treatment 3 Open pelvic fractures

4 Clear description of at least one of the outcomes of

interest

4 Isolated sacral or acetabular fractures

Questions Answer yes and

RCT

Answer yes and non-

RCT

Answer yes and case

series

1 Were the reviewers of the outcomes blinded to treatment? 3 2 1

2 Was the follow-up rate >80%? 3 2 1

3 Were the follow-up intervals pre-specified? 3 2 1

4 Was any particular functional score used? 3 2 1

RCT randomised controlled trial, non-RCT non-randomised controlled trial
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urinary dysfunction. The main outcomes of interest were

quality of reduction, rates of union, malunion, infection, pin

track infection, loss of reduction, implant failure, pain,

walking capacity and return to previous occupation. Clear

definitions were used to avoid confusion and inconsistency.

Lumbosacral plexus injury was considered present if an

objective loss of motor function in the lower extremities or

of bowel control was documented. Subjective paraesthesias

along lower extremities or the perineal region were excluded.

The documentation of the type of pelvic ring injury was

based on Pennal’s classification [30]. Several authors

reported their results based on either Tile’s [39] or

Bucholz’s [4] systems. In such cases we grouped the

different subgroups according to the scheme of Fig. 1.

The type of posterior lesion was grouped into four

categories: sacral fractures, pure sacroiliac dislocations,

sacroiliac fracture-dislocations and transiliac fractures. The

incidence of each type was expressed as a proportion (p) to

the total number of posterior lesions in each report.

Quality of reduction was graded as excellent, good or

poor based on the degree of residual displacement of the

hemipelvis or the diastasis of the pubic symphysis. The

reduction was “excellent” when anteroposterior translation

or vertical displacement was <5 mm or the symphysis pubis

diastasis was <10 mm. The reduction was “good” or “poor”

when displacement was within 5-10 mm or >10 mm and/or

diastasis 10-25 mm or >25 mm, respectively.

Fracture union was assumed when bone healing pro-

gressed uneventfully without secondary interventions. Mal-

union was considered in cases of leg length discrepancy

>1 cm, obvious malrotation of the lower limbs or when the

criteria of “poor” reduction were fulfilled.

The rate of pin track infection was calculated as a

percentage of the patients that had been treated with

external fixation.

Pain was grouped as: (1) no pain at any level of activity,

(2) mild, or intermittent pain, necessitating analgesics

occasionally and (3) severe pain restricting normal activity,

or continuous pain at rest, needing analgesics regularly.

The incidence of undisturbed walking capacity was

calculated as the percentage of patients without any alteration

of their walking ability compared to their pre-injury status.

Each cohort of patients was assigned to one of the

three treatment groups (A-B-C). The median value of

each outcome of interest was calculated. The medians

across all three groups were compared using the Kruskal-

Wallis test (non-parametric one-way analysis of vari-

ance). Comparisons across two groups were done using

the Mann-Whitney U test. Differences were considered

significant at p<0.05. The agreement between the two

reviewers was evaluated by the correlation coefficient (r)

for inter-rater agreement and the intraclass correlation

coefficient (ICC).

Results

The electronic search yielded 818 citations, but only 17 met

the inclusion criteria [5, 6, 9, 10, 12–14, 17–19, 23, 25, 27,

28, 31, 41, 42]. Another ten eligible studies were obtained

from the detailed search of the references of the electron-

ically retrieved studies [3, 11, 15, 16, 22, 26, 33, 35, 37,

44]. Two reports represented prospective studies [12, 28],

while the remaining 25 were retrospective case series.

One study [22] yielded two eligible patient cohorts

(groups A and C). Consequently, a total of 28 “patient

cohorts” were identified. Four cohorts [10, 22, 26, 35] (153

patients) were assigned to group A (non-operative treat-

ment), 8 cohorts [6, 15, 18, 19, 25, 27, 37, 44] (640

patients) to group B (anterior pelvic fixation) and 16

cohorts [3, 5, 9, 11–14, 16, 17, 22, 23, 28, 31, 33, 41, 42]

(848 patients) to group C (posterior pelvic fixation)

(Table 2).

Quality of reviewed studies

The median quality score was 5 points (range: 2-8). The

correlation coefficient for inter-rater agreement was 0.78

(p<0.05). The intraclass correlation coefficient (ICC) was

0.79 [95% confidence interval (CI): 0.59-0.90]. Study

quality improved by about 0.2 points per year, as indicated

by linear regression analysis (p<0.001) (Fig. 2).

Pennal's Classification - 1980[30] 

Tile's Classification  - 1995[39] 

Bucholz's Classification - 1981[4] 

Fig. 1 The different classification schemes and the correlation of their

subgroups between each other
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Descriptive characteristics

The three treatment groups were similar with respect to all

but two of the descriptive characteristics (“publication year”

and “mean age”) (Table 3).

The median year of publication for group A was 1986

(1978-1989), 1993 for group B (1980-1999) and 1996 for

group C (1987-2005) (p=0.03).

Mean age was documented in all papers of group A [10,

22, 26, 35], in 7 of group B [6, 15, 18, 19, 25, 27, 37] and

in 15 of group C [3, 5, 9, 11–14, 16, 17, 22, 28, 31, 33, 41,

42]. The median values were 30.7, 37 and 33 years,

respectively (p=0.02).

The proportion of vertical shear injuries also differed in

the three treatment groups. In group A the median value

was 92%, in group B 33% and in group C 77%. However,

this difference did not surpass the threshold of statistical

significance (p=0.08).

Table 2 Presentation of the reviewed studies grouped into the three different cohorts according to the treatment strategy (“non-operative”,

“anterior pelvic fixation” and “posterior pelvic fixation”)

Pattern of injury Type of stabilisation of pelvis Type of surgery

APC (p) LC (p) VS (p) Anterior (p) Posterior (p) Ant. + poster. (p) Non–operative (p) EF (p) IF (p)

Non-operative group

Monahan and Taylor [26] 1975 n.d. n.d. n.d. – – – 1 0 0

Semba et al. [35] 1983 0 0 1 – – – 1 0 0

Matta and Saucedo [22] 1989a 0.08b 0.92 – – – 1 0 0

Henderson [10] 1989 0.15 0.65 0.19 – – – 1 0 0

Anterior pelvic fixation group

Slatis and Karaharju [37] 1980 0 0 1 1 0 0 0 1 0

Wild et al. [44] 1982 0.31 0.4 0.29 1 0 0 0 1 0

Lansinger et al. [15] 1984 0.25 0.44 0.31 1 0 0 0 1 0

Majeed [19] 1990 0.48 0.26 0.26 1 0 0 0 1 0

Miranda et al. [25] 1996 0.39b 0.3c 0.6 0 0 0.4 0.6 0

Dujardin et al. [6] 1998 0.41 0.25 0.34 0.59 0 0 0.41 0.39 0.20

Nepola et al. [27] 1999 0 0 1 0.85 0 0 0.15 0.85 0

Lindahl et al. [18] 1999 0.07 0.56 0.36 1 0 0 0 1 0

Posterior pelvic fixation group

Browner et al. [3] 1987 0 0 1 0 0 1 0 1 1

Matta and Saucedo [22] 1989§ 0.22b 0.78 0.22 0.53 0.25 0 0 1

Leung et al. [16] 1992 0.07 0.18 0.75 0.07 0 0.93 0 0.5 0.93

Ragnarsson et al. [33] 1993 0 0 1 0 0.14 0.86 0 0.57 1

Hirvensalo et al. [11] 1993 0.17 0.44 0.39 0.61 0 0.39 0 0 1

Pohlemann et al. [31] 1994 0.48b 0.52 0.48 0 0.52 0 n.d. n.d.

Gruen et al. [9] 1995 0.19 0.15 0.17 0 0.71 0.29 0 0 1

Tornetta and Matta [41] 1996 0 0 1 0 0 1 0 0 1

Matta and Tornetta [23] 1996 0.36b 0.64 0.29 0.40 0.31 0 0 1

Cole et al. [5] 1996 0 0 1 0 0.91 0.09 0 0.05 1

Oliver et al. [28] 1996 0.14 0.17 0.69 0.06 0.11 0.83 0 0 1

Keating et al. [13] 1999 0 0 1 0 0.18 0.82 0 0.39 1

Van den Bosch et al. [42] 1999 0.08 0.35 0.57 0.43 0 0.57 0 0.30 1

Korovessis et al. [14] 2000 0.03 0.36 0.61 0 0 1 0 0.08 1

Kabak et al. [12] 2003 0 0 1 0 0 1 0 0 1

Lindahl and Hirvensalo [17] 2005 0 0 1 0 0 1 0 0 1

APC anteroposterior compression, p proportion of fractures, LC lateral compression, VS vertical shear, EF external fixation, IF internal fixation,

n.d. not defined
a Patient cohorts of conservative treatment and posterior pelvic internal fixation, respectively
bBucholz type II
cAnother proportion of 0.31 of undisplaced fractures were included in this series

1975 1980 1985 1990 1995 2000 2005

0.0
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Fig. 2 The improvement of the reported data of the reviewed studies

in time. The linear regression analysis of the quality score of these

studies showed an increase of 0.2 points per year (median score: 5,

range: 2-8). In Table 3 the median score is presented grouped per

different method of treatment (groups A, B and C)
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Outcome measures

Quality of reduction

Excellent quality of reduction was observed in 46% of 33

patients [10] of group A, in 43.5% of 415 patients [6, 15,

18, 19, 27, 37] of group B and in 73% of 652 patients [3, 5,

9, 11, 12, 14, 17, 23, 31, 33, 41] of group C (p=0.06).

Excluding the “non-operative group”, we found a statisti-

cally significant difference between groups B and C (p=

0.04) (Fig. 3).

Good quality of reduction was documented as 40% in

group A [10], 23% in group B [15, 18, 19, 27, 37] and 19%

in group C [3, 5, 9, 11, 12, 14, 17, 23, 31, 33, 41] (p=0.28).

Poor quality of reduction was observed in 38.5% of

group A [10, 22], 19% of group B [15, 18, 19, 27, 37] and

7% in group C [3, 5, 9, 11–14, 16, 17, 22, 23, 31, 33, 41]

(p=0.004).

Short-term clinical results

Union rates

Union rates were recorded in only one study [22] of group

A and reached 83%; it was 100% in five studies [15, 18, 19,

27, 37] of group B (95-100%) and in 12 studies [5, 9, 11–

14, 16, 17, 22, 23, 33, 42] of group C (93-100%) (p=0.14)

(Table 4).
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Fig. 3 The incidence of poor residual reduction (anteroposterior

translation or vertical displacement >10 mm and/or diastasis of pubic

symphysis >25 mm) in the three different groups showed statistical

significant differences (p=0.004). In the non-operative group (group

A) poor quality reduction was recorded in 38.5%, in comparison to

19% in the “anterior pelvic fixation” (group B), and only 7% in the

“posterior fixation group (group C). The grey areas on the chart

represent the above rates of poor quality of reduction in the three
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Complications

Malunion rate was documented in 57 patients of group A

[10, 22], 277 patients of group B [15, 18, 19, 27, 37] and

516 patients of group C [3, 9, 11–14, 17, 22, 23, 33].

Malunion median rates were 30.3, 42 and 7%, respectively

(p=0.02) (Fig. 4).

Data regarding infection rates (median: 6.7%, range: 1.9-

11.5%) were provided in two [10, 35] group A papers. In

this particular treatment group the cause of infection was

the presence of open pelvic injuries. Only two [15, 44]

group B papers yielded relative information. In both studies

infection rate was 0%. Twelve [3, 5, 9, 11–14, 16, 17, 22,

33, 42] group C papers reported a median infection rate of

5.5% (range: 0-12.5%) (p=0.15).

Pin track infection was recorded in a median incidence

of 22.9% (range: 0-33.3%) in 260 patients of group B [15,

18, 19, 44] and of 20.6% (5.8-33.3%) in 210 patients of

group C [5, 13, 14, 16] (p=1).

Loss of reduction was 8.5% (range: 0-57%) in four group

B [15, 18, 37, 44] and 5% (0-26%) in eight group C

manuscripts [3, 11–14, 17, 23, 33] (p=0.6).

Implant failure was documented in only two group B

studies [15, 17] and was found in 1% of 148 patients

(range: 0-2%). Seven group C studies [5, 12, 14, 17, 22, 23,

33] revealed this complication in 5% of 455 patients (range:

2-17.3%) (p=0.07).

Long-term functional results

The three groups did not differ significantly regarding mild/

moderate pain or pain in general. In contrast, the incidence

of severe pain differed among the groups, with marginal

statistical significance (p=0.06). Group C presented the

lowest incidence of severe pain (1% incidence in 308

patients) [3, 11–13, 16, 31, 33, 41], and group A presented

the highest (27% in 129 patients) [10, 26, 35]. In group B

the median rate of severe pain was 5% in 222 patients [15,

18, 37, 44](Table 5).

The incidence of undisturbed gait was documented in

three group A papers (100 patients) [10, 26, 35], three

group B papers [15, 37, 44] (90 patients) and six group C

papers [9, 11, 12, 16, 33, 42] (204 patients). Groups B and

C, with median rates of undisturbed walking capacity at 84

and 84.5%, respectively, differed significantly (p=0.04)

from group A (median value: 68%) (Fig. 5).

The return to previous employment was analysed in

relatively few papers: two in group A [10, 26] (76 patients),

two in group B [25, 37] (209 patients) and ten in group C

[3, 5, 9, 12–14, 16, 33, 41, 42] (446 patients) with a median

incidence of 75.5, 69.5 and 66%, respectively (p=0.2).

Only 14 studies [5, 6, 9, 12–14, 17–19, 25, 27, 28, 33,

42] assigned to the two groups of operative treatment (B,

C) provided data on validated functional scoring systems.

The Majeed score [20] and the SF-36 [43] were the most

commonly used. Majeed score was documented in three

group B [6, 18, 19] and two group C studies [17, 42]. A

median value of “excellent/good” results of 51% (range:

48-100%) was recorded in group B and 81.3% (range: 78.6-

84%) in group C. The above difference was not statistically

significant (p=0.77), probably due to the small number of

available studies.

The two components of SF-36 [physical component

score (PCS) and mental component score (MCS)] were

analysed separately. PCS was 71.7 and MCS 75.4 in one

study of group B [27]. In group C [5, 13, 14, 28, 42] the

median PCS was 64 (55.5-75.3) and the median MCS 71.1

(64-74.8). No statistically significant difference of either

PCS (p=0.56) or MCS (p=0.24) was detected.

Discussion

The aim of this study was to compare the anatomical and

functional results, as well as the major complication rates of

three different methods of management of pelvic ring

disruptions, and subsequently aid clinical decision making.

Most of the relevant reviewed studies received a poor

quality score and none of them was graded as excellent

(Fig. 2). The main causes for the low quality scores were

the study design, lack of blinding, low follow-up rates and

lack of active follow-up at pre-specified intervals.

We tried to eliminate systematic error by adhering to

clearly defined inclusion and exclusion criteria. We used

standard definitions for the outcomes of interest to ensure

consistency of the results across all included studies. We
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Fig. 4 The incidence of malunions (leg length discrepancy >1 cm,

obvious malrotation or “poor” quality of reduction) as recorded in the

three different treatment groups showed statistically significant differ-

ences (p=0.02). In the non-operative group (group A) malunions were

recorded in 30.3%, in comparison to 42% in the “anterior pelvic

fixation” (group B), and only 7% in the “posterior fixation group

(group C). The grey areas on the chart represent the above rates of

malunion in the three groups
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tried to avoid random error by including only sizeable

reports. Nevertheless, the results of systematic reviews

based on observational studies should be interpreted with

caution. Such studies differ in design, quality, follow-up

process, patients’ demographics, various specific character-

istics of the populations studied and outcomes.

We examined 15 characteristics in each treatment group

(Table 3), and the statistical differences detected regarded

the mean age and the publication year of the reports. As for

the mean age, given the fact that the population in all the

studies included young adults with a mean age ranging

from 26 to 39 years, we do not feel that the detected

statistical difference was of any clinical importance. The

detected differences in publication year among the three

“treatment groups” reflect the evolution of pelvic trauma

management, with a gradual shift from conservative to

more aggressive rationales.

Three outcomes of interest showed statistically significant

differences: the quality of reduction, the gait disturbance and

the malunion rates. The best quality of reduction and lowest

malunion rates were achieved in the “posterior pelvic

internal fixation” group, despite the fact that it included the

largest proportion of rotationally and vertically unstable

fractures. Several authors have associated anatomical reduc-

tion with favourable long-term results. Ragnarsson et al. [33]

reported 6 and 25% incidences of severe pain among

patients with excellent and satisfactory reductions, respec-

tively. McLaren et al. [24] reported no severe pain in the

group of patients with <1 cm residual pelvic displacement,

whereas in the group of poor pelvic reduction it was

estimated as to be high as 23%. In the same series,
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Fig. 5 The incidence of undisturbed gait was evaluated as one of the

criteria of long-term functional outcome. A comparison between the

two operative groups (B and C) and the non-operative group A

showed a statistically significant difference (p=0.04). In the non-

operative group (group A) undisturbed gait was recorded in only 68%,

in comparison to 84 and 84.5%, respectively. The grey areas on the

chart represent the above rates of undisturbed gait in the three groups
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undisturbed gait was documented in 82% of patients with

<1 cm pelvic displacement, and in only 31% of patients

with “poor” pelvic reductions. Lindahl et al. [17] also

documented a significant association between radiological

and functional results. Moreover, permanent neurological

injury, female gender and age (<33 years) were documented

as prognostic factors. Other authors [27, 44], however, have

failed to establish a clear relationship between quality of

pelvic reduction and final functional outcome.

Gait disturbance was found to occur more frequently in

the “non-operative group” compared with the others. In one

study [24] gait disturbance was associated with a poor

anatomical outcome, whereas in another study [2] it was

associated with the type of pelvic injury (28% for Tile B

and 71% for Tile C).

Although we managed to recruit 27 papers including

1,641 patients with pelvic ring disruptions only a well-

designed RCT should be able to detect a true difference

with 0.80 probability, accepting a type I error at 0.05. To

detect the same difference in the median value of the

percentage of poor quality of reduction between group B

(19%) and group C (7%) a RCT would require approxi-

mately 112 patients in each arm.

In conclusion, our results suggest that fixation of all the

injured elements of the pelvic ring yield better anatomical

results (expressed as a better quality of reduction and lower

malunion rate) compared to more non-operative therapeutic

strategies. However, no “clear” advantage of any of the

assessed treatment options regarding patient-reported or

functional outcomes could be established. We therefore

conclude that the current literature is insufficient to provide

“clear” evidence for clinical decision making in regards to

the optimal treatment of unstable pelvic ring injuries.
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