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Abstract 
 

Background: Unstable pelvic ring fractures are high-energy injuries with complex anatomy and significant morbidity. Surgical 
fixation is the standard treatment; however, there is still controversy over the optimal sequence of anterior and posterior 
stabilization. An anterior-first fixation may help stabilize the pelvis, facilitate posterior reduction, and improve functional 
outcomes. 
Methods: We retrospectively reviewed patients with unstable pelvic ring injuries using a standardized “anterior-first” fixation 
protocol. Radiographic reduction was assessed using Matta and Tornetta criteria on anteroposterior (AP), inlet, and outlet views. 
Functional outcomes at a minimum of 12 months were measured using the Iowa Pelvic Score (IPS) and Majeed Pelvic Score (MPS). 
Clinical complications, including bleeding requiring transfusion, hematuria, and limb-length discrepancy (LLD), were recorded. 
Results: The study included 20 patients with a mean age of 40.7 ± 16.3 years. Excellent or good reductions were achieved in most 
patients, with 45% and 60% of cases rated as “Excellent” on the AP and inlet views, respectively. Outlet views showed greater 
variability, with 40% fair reduction. Mean IPS and MPS scores were 84.2 ± 16.7 and 78.9 ± 16.0, respectively, and were strongly 
correlated with each other (r = 0.82, P < 0.001). Older patients (> 50 years) achieved functional outcomes comparable to younger 
cohorts. Clinically, bleeding requiring transfusion occurred in 45%, hematuria in 35%, and LLD > 1 cm in 35%. No catastrophic 
complications were observed. 
Conclusion: In this small retrospective case series, anterior-first fixation was associated with acceptable radiographic reduction and 
favorable functional outcomes in selected patients with unstable pelvic ring injuries. Given the limited sample size and the absence 
of a comparator group, these findings should be interpreted with caution. Larger prospective comparative studies are needed to 
clarify the optimal fixation sequence. 
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Background 

Disruption of the pelvic ring constitutes a grave 
orthopedic emergency, representing a marker of high-
energy trauma with substantial physiological burden (1). 
Historically, pelvic fractures often resulted in fatality due 
to uncontrolled hemorrhage. Improvements in damage-
control methods and modern resuscitation have markedly 
reduced early mortality, shifting the current treatment 
focus towards optimizing functional and long-term 
outcomes (2, 3). As survival has improved, contemporary 
management has shifted its focus from life-saving 
measures toward optimization of anatomical restoration 
and long-term functional outcomes (4, 5). Given that pain-
related disability significantly impacts quality of life (QoL) 
and work capacity in musculoskeletal conditions, patient-
centered functional outcome assessment is essential (6). 

Unstable pelvic ring injuries, including Tile type B or C 
fractures, as well as Young-Burgess anteroposterior 
compression (APC) type III, lateral compression (LC) type 
III, and vertical shear (VS) patterns, are characterized by 
the disruption of both anterior and posterior stabilizing 
structures (7, 8). Surgical stabilization is generally 
recommended for these injuries to restore pelvic stability, 

facilitate early mobilization, and reduce the risk of chronic 
pain, deformity, and disability (9-11). While the necessity of 
operative fixation is well established, the optimal surgical 
strategy remains controversial, particularly regarding the 
sequence of reduction and fixation (12). 

Recent literature has primarily focused on 
determining which components of the pelvic ring require 
stabilization (e.g., posterior-only versus combined 
anterior-posterior fixation) (10), rather than the sequence 
of fixation procedures (13, 14). However, the order of 
fixation may have significant biomechanical and clinical 
effects, as it can affect the quality of intraoperative 
reduction, the stability of the construct, and the ease of 
posterior reduction (12). Stabilization of the anterior 
pelvic ring, either via plate fixation or retrograde 
transpubic screw, has been shown to enhance overall 
pelvic stability and may facilitate subsequent fixation of 
the posterior ring in fragility fractures of the pelvis (15). 
Even with these theoretical biomechanical advantages, 
clinical evidence on the radiological and functional 
outcomes of a standardized anterior-first fixation 
approach for unstable pelvic ring injuries remains limited. 

This study aimed to describe the quality of 
radiographic reduction and functional outcomes after a 
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standardized anterior-first fixation protocol for unstable 
pelvic ring injuries, and to evaluate the association 
between anatomic reduction and patient-reported 
function. We hypothesized that prioritizing the anterior 
pelvic ring may facilitate subsequent posterior reduction, 
while acknowledging that comparative effectiveness 
cannot be established in this case series. 
 
Methods 

Study Design and Ethics: This retrospective case series 
included all patients with unstable pelvic ring fractures 
treated at our trauma center from January 2023 to 
December 2024. All procedures followed an anterior-first 
approach, in which the anterior ring was stabilized before 
the posterior ring was addressed. This study was approved 
by the Institutional Review Board of Shahid Beheshti 
University of Medical Sciences, Tehran, Iran (approval 
code: IR.SBMU.MSP.REC.1404.611). Given the retrospective 
design of the study, the need for informed consent was 
waived. Data collection and reporting were performed in 
accordance with the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) criteria. 
Patient Selection 

Inclusion Criteria: Patients were included if they met 
the following criteria: 1) skeletal maturity (age ≥  16 years); 
2) radiographically confirmed unstable pelvic ring 
disruption (Tile type B or C, Young-Burgess LC-III, APC-III, or 
VS); 3) operative stabilization [open reduction internal 
fixation (ORIF), percutaneous fixation, or hybrid] 
performed within 7 days of injury; 4) availability of 
complete radiographic series [anteroposterior (AP), inlet, 
and outlet views] for grading; and 5) a minimum clinical 
follow-up of 12 months with completed functional scores. 

Exclusion Criteria: Patients were excluded if they met 
any of the following criteria: 1) stable injuries managed 
non-operatively; 2) pathologic fractures (tumor, metabolic 
bone disease) or low-energy fragility fractures; 3) 
concomitant fractures of the lower limbs; 4) concomitant 
acetabular fractures requiring fixation; 5) pre-existing 
suprapubic catheter; 6) bladder rupture requiring surgical 
intervention; 7) history of prior subumbilical laparotomy; 
8) presence of a bed sore at the intended surgical site; 9) 
severe traumatic brain injury [Glasgow Coma Scale (GCS) < 
13 at discharge], preventing reliable functional 
assessment; and 10) incomplete medical records or 
missing data. 

Management and Surgical Technique: All surgical 
procedures were performed by a single fellowship-trained 
orthopedic trauma surgeon in accordance with a 
standardized protocol. Emergency medicine and general 
surgery specialists performed initial management in 
accordance with Advanced Trauma Life Support (ATLS) 
guidelines (16). Hemodynamically unstable patients 
underwent prompt pelvic binding, angiography, or 
packing as indicated. For definitive fixation, patients were 
positioned supine on a radiolucent table. The anterior ring 
was first constructed using either a Pfannenstiel or a 
modified Stoppa approach. After exposure, the rectus 
abdominis moved from the pubic body to the retropubic 
area, and the corona mortis was identified and ligated if it 
was present. One or two precontoured reconstructive plates 
were used to reduce and stabilize the anterior ring. Then, 
the posterior ring was supported via percutaneous 
iliosacral screws under fluoroscopic guidance, utilizing the 
modified two-view technique described by Dehkhoda et al. 
to guide the screw insertion (17). The S1 foramen was first 

identified via the outlet view, and the guidewire was placed 
just above it. Then, the inlet view was employed to advance 
the guidewire toward the mid-S1 body in a slightly posterior 
orientation. Once both views showed satisfactory 
trajectories, the cannulated screw was moved over the 
guidewire. 

All patients followed a standardized postoperative 
rehabilitation protocol under the supervision of the 
operating surgeon and a specialized physiotherapist. The 
protocol emphasized early mobilization and transfer 
training, range of motion (ROM) exercises, progressive 
strengthening, and gait training with appropriate 
assistive devices. Patients remained non-weight-bearing 
for the first 6 weeks, progressed to partial weight-bearing 
between weeks 6 and 12 based on radiographic healing, 
and then advanced to full weight-bearing as tolerated. 
Outcome Assessment  

Radiographic Evaluation: Reduction quality was 
assessed using postoperative AP, inlet, and outlet plain 
radiographs by two independent surgeons blinded to 
clinical outcomes. Disagreements were resolved by 
consensus or a third senior trauma surgeon. Displacement 
was evaluated using the Matta and Tornetta criteria (18), 
focusing on the highest residual gap or step-off identified 
on any view: 

 Excellent: ≤  4 mm 

 Good: 5–10 mm 

 Fair: 10–20 mm 

 Poor: > 20 mm. 
Functional Evaluation: At the final follow-up, 

functional outcomes were measured using two validated 
patient-reported outcome measures (PROMs): 
1. Majeed Pelvic Score (MPS): Evaluating pain, standing, 

sitting, sexual function, and work capacity (19) 
2. Iowa Pelvic Score (IPS): Assessing activities of daily living 

(ADL), pain, gait, work history, and cosmesis (20). 
Clinical complications, including urogenital injury 

(hematuria), limb-length discrepancy (LLD) > 1 cm, and 
infection, were recorded as secondary variables. 

Statistical Analysis: Data were analyzed using SPSS 
software (version 26.0, IBM Corporation, Armonk, NY, USA). 
Given the small sample size and the non-normality of 
some variables, nonparametric tests were used for group 
comparisons. We used the Mann-Whitney U test to 
compare functional scores between patients with 
anatomic reduction (Excellent/Good) and those with non-
anatomic reduction (Fair/Poor). The association between 
IPS and MPS was assessed using Pearson’s correlation 
(both treated as continuous outcomes). As a sensitivity 
analysis, Spearman’s rank correlation was also calculated. 
Missing data were not imputed; instead, a complete-case 
analysis was performed. A P-value < 0.05 was considered 
statistically significant. Due to the small subgroup sizes, 
Mann‒Whitney U comparisons were interpreted as 
exploratory and likely underpowered rather than 
confirmatory. 
 
Results 

Patient Demographic: This case series included 20 
patients, of whom 19 (95%) were men and one (5%) was 
woman. The mean age at the time of surgery was 40.7 ± 16.3 
years (range: 16-77 years). All patients sustained unstable 
pelvic ring disruptions secondary to high-energy trauma. 
The Young-Burgess classification indicated that 13 patients 
(65%) exhibited an APC-III injury pattern, while 7 patients 
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(35%) exhibited a VS injury pattern. The mean follow-up 
duration was 24.2 ± 7.6 months (range: 12-35 months), and 
all patients completed at least 12 months of follow-up. 

Radiographic Outcomes: Radiographic reduction 
quality was assessed using the Matta and Tornetta criteria 
across three standard views (Figure 1). 
 

 
Figure 1. Postoperative fracture reduction quality according to the Matta and 
Tornetta criteria, assessed separately on anteroposterior (AP), inlet, and outlet 
pelvic views 

 
AP View: All patients achieved an acceptable reduction, 

with 9 patients (45%) graded as “Excellent” (≤  4 mm) and  
11 (55%) graded as “Good”. No “Fair” or “Poor” results were 
observed on this view. 

Inlet View: This view demonstrated the highest rate of 
anatomic reduction, with 12 patients (60%) graded as 
“Excellent” and 4 patients (20%) graded as “Good”. The 
remaining 4 patients (20%) were classified as “Fair”, with 
no “Poor” reductions observed. 

Outlet View: This view showed the greatest variability in 
reduction quality, with one patient (5%) graded as 
“Excellent”, 11 patients (55%) graded as “Good”, and  
8 patients (40%) graded as “Fair”. No “Poor” outcomes were 
identified on this view.  

Postoperative radiographs showed anatomical 
reduction of the posterior ring and symphysis pubis 
(Figure 2). 
 

 

 
Figure 2. Pelvic radiographs of a 51-year-old woman demonstrating the injury 
pattern on standard views: A) Anteroposterior (AP); B) Inlet; and (C) Outlet 

Pre- and Postoperative Clinical Complications: 
Bleeding was the most common clinical complication. 
Nine patients (45%) had bleeding requiring transfusion, 
whereas the remaining 11 patients (55%) had mild bleeding 
managed conservatively. Hematuria was recorded in  
7 patients (35%). In addition, 7 patients (35%) had a 
clinically relevant LLD greater than 1 cm. 

Functional Outcomes: At the final follow-up, patients 
demonstrated good overall functional recovery on both 
validated outcome measures. The mean IPS was 84.2 ± 16.7 
(range: 51-99), and the mean MPS was 78.9 ± 16.0 (range:  
50-100). A strong positive correlation was observed 
between IPS and MPS (Pearson's r = 0.82, P < 0.001), 
indicating consistency between the two functional scoring 
systems in this cohort (Figure 3). 
 

 
Figure 3. Correlation between Iowa Pelvic Score (IPS) and Majeed Pelvic Score (MPS) 
at final follow-up. The vertical axis represents MPS, and the horizontal axis 
represents IPS. A strong positive correlation indicates a high degree of agreement 
between the two validated functional outcome measures. 

 
Age Subgroup Analysis: To examine the influence of 

age on functional recovery, the data were evaluated across 
three age categories. The highest mean functional scores 
were observed in patients aged 30-50 years (n = 7), with an 
IPS of 86.3 and an MPS of 81.9. Patients older than 50 years 
(n = 6) also showed good results, with average scores of 
83.0 (IPS) and 82.0 (MPS), which were close to the overall 
cohort averages. The youngest group (< 30 years, n = 7) had 
a lower mean MPS of 73.1. This finding should be 
interpreted with caution, because detailed measures of 
injury severity and associated soft-tissue trauma were not 
available for subgroup comparisons (Figure 4). 
 

 
Figure 4. Mean Iowa Pelvic Score (IPS) and Majeed Pelvic Score (MPS) values for 
patients aged < 30 years, 30-50 years, and > 50 years. The figure provides a 
descriptive comparison of functional scores across age groups. 

 
Discussion 

Our findings suggest that using a standardized 
"anterior-first" reduction protocol may be a feasible 
approach in the surgical management of unstable pelvic 
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ring injuries. This protocol, which prioritizes early 
stabilization of the anterior ring, appears to help re-
establish a stable foundation during surgery (21). Early 
anatomic restoration of the anterior pelvic ring may 
provide a stabilizing buttress against rotational forces, 
thereby facilitating subsequent posterior ring reduction 
and fixation (22). 

In our study group, this strategy was associated with 
satisfactory clinical and radiological results, suggesting 
that restoring anterior stability may contribute to pelvic 
reconstruction and patient recovery in selected cases. 

Standard orthopedic curricula and authoritative 
trauma textbooks, such as Rockwood and Green’s Fractures 
in Adults, traditionally advocate for prioritizing posterior 
ring fixation in unstable pelvic fractures (23). Beyond the 
biomechanical advantages, many surgeons have 
traditionally prioritized posterior fixation, which often 
requires placing the patient in a prone position to access 
the sacroiliac joint or sacrum, followed by intraoperative 
repositioning to supine for anterior stabilization (12). 
Consequently, this strategy often requires staging the 
reconstruction across two separate surgical sessions or 
necessitates intraoperative repositioning to a supine 
posture for anterior stabilization. This requirement for 
staged procedures or intraoperative changes in the patient's 
position not only increases operative time and resource 
utilization but also poses risks of airway management 
complications, pressure sores, and loss of reduction during 
repositioning. In selected cases, the anterior-first approach 
may allow fixation of the entire pelvic ring in a single supine 
session without repositioning. 

In this series, the anterior-first sequence was 
associated with satisfactory rotational alignment in most 
patients, with 60% achieving excellent scores on the inlet 
view. It is important to note that lower MPS and IPS in 
some patients may not solely reflect the surgical 
technique or fixation sequence; rather, they may reflect 
the severity of the initial trauma and its associated 
complications, such as significant bleeding or hematuria, 
which may affect early recovery and patient-reported 
outcomes. This observation is consistent with the 
literature describing the anterior ring's role in limiting 
external rotation (24, 25). In this study, vertical alignment 
showed more variability. We noted a fair reduction in the 
outlet view in 40% of cases, which was associated with a 
clinical finding of LLD > 1 cm at follow-up in the same 
group. Although the protocol appeared feasible for 
improving rotational deformity, the technique used did 
not consistently prevent residual vertical displacement in 
this small sample. Persistent vertical displacement 
remains a significant concern, underscoring the importance 
of determining the optimal sequence of anterior and 
posterior fixation in unstable pelvic fractures (26). 

Patients aged 50 years and older demonstrated 
functional recovery comparable to the cohort average. In 
this small series, anterior-first treatment appeared to 
provide sufficient stability for rehabilitation in selected 
older patients; however, age-related conclusions should be 
interpreted with caution, given the limited sample size. 

Many clinical and biomechanical studies have 
supported the role of anterior ring fixation as an 
important element in stabilizing unstable pelvic ring 
injuries. Zhang et al. indicated that combined anterior and 
posterior fixation preserved reduction better than 
posterior fixation alone in LC pelvic fractures, 
highlighting the mechanical significance of anterior ring 

stability in restoring pelvic integrity (10).  
Moussa et al. reported that hip fractures treated with 

combined fixation strategies achieved markedly superior 
radiological alignment and functional outcomes 
compared with posterior-only fixation, underscoring the 
synergistic contribution of anterior fixation to overall 
pelvic stability (14). Moreover, biomechanical studies 
demonstrate that anterior pelvic fixation enhances 
resistance to rotational loads by minimizing construct 
displacement, thereby contributing to overall pelvic ring 
stability (21, 22). 

In contrast, Petryla et al. reported no significant 
differences in functional outcomes or QoL between isolated 
posterior pelvic ring fixation and combined anterior-
posterior fixation in patients with LC B2 pelvic fractures (27). 
Moreover, biomechanical evaluations of sacral and 
lumbopelvic fixation methods underscore the essential role 
of posterior-based structures in maintaining vertical 
stability and improving load distribution across the pelvic 
ring (26). The conflicting findings indicate that while 
anterior-first fixation might enhance rotational stability 
and facilitate reduction, its efficacy in vertically unstable 
injuries remains uncertain and should be tailored to the 
specific fracture morphology. 

Some key limitations of our study warrant 
mentioning. With only 20 patients, our sample size was 
small, which limits the strength of some statistical 
comparisons. Although this is a common challenge in 
single-center studies of such complex injuries, consistency 
was maintained by using the same surgical protocol for all 
patients. While the follow-up period was adequate to 
assess fracture healing and early functional outcomes, it 
may not be long enough to identify later complications 
like post-traumatic arthritis. Certain variables, such as 
hematuria and LLD, were recorded in a binary (yes/no) 
format. Consequently, the severity of these conditions 
could not be quantified, limiting our ability to assess their 
specific impact on postoperative recovery. Furthermore, 
reliance on retrospective medical records resulted in 
incomplete data for certain variables such as smoking 
history or comprehensive medical conditions. This 
limitation is clinically significant, as smoking has been 
linked to markedly increased rates of nonunion, avascular 
necrosis (AVN), and revision surgery in other surgically 
managed high-energy fractures (28). These missing 
variables limited our ability to assess their potential 
effects on outcomes. Although all patients presented with 
high-energy, unstable fractures, there was still natural 
variation in the specific injury patterns and soft-tissue 
damage. Finally, because this was a single-center study 
restricted to patients treated via an anterior-first 
approach, we were unable to directly compare our results 
with a group treated with the more traditional posterior-
first sequence. Therefore, no conclusion can be made 
regarding the superiority of one strategy over another. 
Due to these limitations, our analysis relied on traditional 
statistical methods. Future multicenter studies could 
leverage artificial intelligence (AI) and large-scale datasets 
to predict functional outcomes and complications in 
pelvic ring injuries, thereby creating more robust 
predictive models, as suggested in recent literature (29). 

Additional limitations include the predominantly male 
cohort, the prevalence of APC-III and VS injury patterns, and 
the lack of a posterior-first or posterior-only comparator 
group. Therefore, the findings should not be generalized to 
all patients with unstable pelvic ring fractures, and the 
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statistical comparisons should be considered exploratory 
and hypothesis-generating. 
 
Conclusion 

In this small retrospective case series, anterior-first 
fixation followed by posterior stabilization was associated 
with acceptable radiographic reduction and favorable 
functional outcomes in selected patients with unstable 
pelvic ring injuries. These findings suggest that accurate 
anatomical restoration may contribute to functional 
recovery; however, the absence of a comparator group and 
the limited sample size preclude conclusions regarding 
superiority over other fixation sequences. Larger 
prospective comparative studies are required to establish 
the optimal surgical sequence for different unstable pelvic 
fracture patterns. 
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