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Surgical outcomes of acetabular 
fracture of elderly patients 
with superomedial dome impaction
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This study aimed to investigate the outcomes of elderly acetabular fractures according to the 
reduction of impacted dome fragments. A retrospective cohort study was performed in two 
institutions. Fifty‑four patients aged ≥ 60 years with acetabular fractures were enrolled. Data for dome 
impaction and postoperative reduction was collected. Patients were divided into the good reduction 
group (displacement ≤ 3 mm) and poor reduction group (displacement > 3 mm). Postoperative 
osteoarthritis (OA), Harris hip score (HHS), total hip arthroplasty conversion, good/poor outcomes 
were compared between the two groups. The good reduction group (N = 45) demonstrated a lower 
proportion of radiographic OA (18 vs. 77%, P = 0.001), higher HHS (82.1 vs. 68.6, P = 0.022), and 
higher proportion of good outcomes than the poor reduction group (N = 9) (89 vs. 22%, P < 0.001). 
In a subgroup analysis of the patients with dome impaction, the good reduction group had a higher 
proportion of good outcomes (80 vs. 20%, P = 0.031). On comparing within the good reduction group, 
dome impaction did not influence clinical outcomes. Elderly acetabular fractures demonstrated 
favorable outcomes when adequate reduction was achieved even with dome impaction. Well‑reduced 
dome impaction could achieve satisfactory outcomes in elderly acetabular fractures.

With general population aging, the incidence of acetabular fractures in elderly patients  increases1,2. Although 
open reduction and internal fixation (ORIF) is the gold standard for younger populations, no consensus on 
the ideal treatment for elderly acetabular fractures has been established. Because elderly patients have several 
vulnerabilities to be considered such as pre-injury health status and poor bone quality, several alternative treat-
ments include conservative treatment, ORIF including percutaneous fixation, total hip arthroplasty (THA) with 
concomitant column fixation, and planned delayed  THA3–6.

Considering patient factors and injury factors, treatment for acetabular fractures should be highly 
 individualized7. Patient factors include pre-injury ambulatory function; medical state such as whether surgery 
can be tolerated; and injury factors including injury mechanism, associated injury, and fracture characteristics. 
Regarding fracture characteristics, previous studies have emphasized negative predictive factors such as con-
comitant femoral head fracture, articular comminution, and articular impaction involving the weight-bearing 
 dome8,9. Rommens et al. described ORIF as a way of reconstructing a stable socket for later safe-cup implantation 
when negative predictive factors present in elderly  patients10.

Among those negative predictive factors, superomedial dome impaction (dome impaction), described as ‘gull 
sign’ by Anglen et al., was initially reported as the inability to obtain reduction and stable  fixation11 (Fig. 1). They 
have reported that early loss of reduction occurred in 7 of 10 patients with dome impaction despite reduction 
of the dome fragment, and dome impaction was 100% predictive of failure of reduction and/or fixation. Sub-
sequently, reduction techniques for dome impaction have been reported with relatively successful  outcomes12. 
Laflamme et al. have demonstrated direct reduction through an intrapelvic approach, reporting 33% (3 out of 9 
patients) of overall conversion rate to  THA13.

However, studies on the comparative outcomes of reduction of dome impaction in elderly patients are few. 
Therefore, we hypothesized that despite dome impaction, adequate reduction would improve clinical outcomes. 
The present study aimed to investigate the outcomes of elderly acetabular fractures according to reduction of 
impacted dome fragments.
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Materials and methods
This study was performed in line with the principles of the Declaration of Helsinki. This study was approved by 
our institutional review board and a waiver of the requirement for written informed consent was granted (Asan 
Institute for Life Science, approval no.: 2021–3165-0003). Data collection was performed in accordance with 
relevant guidelines and regulations issued by the committee.

Patient selection
This retrospective comparative study was conducted in two university teaching hospitals. The inclusion criteria 
were as follows: patients aged ≥ 60 years, patients with acute acetabular fractures, and patients who had received 
surgical treatment. Initially, 127 patients were enrolled from the pelvis and acetabular fracture cohort database 
from 2003 to 2020. Then, we excluded 73 patients with fracture patterns unrelated with dome impaction (anterior 
wall, posterior wall, posterior column, and posterior column with posterior wall), who were treated conserva-
tively or with acute THA, had concomitant pelvic ring injury, had periprosthetic fractures, and were followed 
up for < 12 months. Fracture patterns which can contain dome impaction include anterior column, transverse, 
transverse and posterior wall, T-type, anterior column and posterior hemitransverse, and both column fractures. 
Finally, 54 patients were enrolled in the present study (Fig. 2).

Surgical technique for reduction of dome impaction
The surgeries were performed by three operators (H.-C.S., J.J.K, and J.W.K.) with more than 10 years of experience 
performing pelvic and acetabular fracture surgeries. The patient was placed in a supine position with silicone 
padding under the knee to flex the hip and knee joints so that the iliopsoas muscle, external iliac vessel, and 

Figure 1.  Case of acetabular fracture with dome impaction. (a) A 72-year-old woman had an injury associated 
with a column fracture with dome impaction (white arrow). (b) Surgery was performed without reduction 
and fixation of the impacted dome fragment. (c) Five years postoperatively, the patient presented with post-
traumatic osteoarthritis and severe pain. (d) Total hip arthroplasty was performed.

Figure 2.  Flowchart of patient enrollment and grouping. THA, total hip arthroplasty.
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femoral nerve could relax. Skeletal traction at the distal femur was prepared to facilitate reduction of central 
dislocation of femoral head and exposure of acetabular joint surface.

After identifying the obturator nerve through the intrapelvic approach, the fracture site between the anterior 
column and quadrilateral plate was exposed. Hematoma and soft tissue in the fracture site were removed carefully, 
and an elevator was inserted through the fracture site to confirm the position of the dome fragment in the C-arm. 
Then, the impacted dome fragment was reduced using an elevator and temporarily fixed using a K-wire (Fig. 3).

Through a lateral window, the anterior column was reduced and fixed using a five-hole reconstruction plate 
or a 3.5-mm locking compression plate. The K-wire for a cannulated screw was started 1.5 cm downward and 
1.5 cm medially from the anterior superior iliac spine in the lateral window to fix the dome fragment directly or 
provide support with a rafting screw in tibial plateau surgery. The K-wire was inserted only to cross the dome 
fragment without penetrating the quadrilateral surface because the K-wire could interfere with the reduction of 
the quadrilateral surface if it was fully inserted before reduction.

The quadrilateral surface was reduced using a ball and spike or collinear clamp and was then penetrated by 
the K-wire. A 3.5-mm cannulated screw was inserted along the K-wire which was used as a guide pin for the 
cannulated screw. The anterior column was stabilized with a long reconstruction plate, and the posterior column 
was fixed using a posterior column screw if necessary.

After postoperative recovery, active and passive knee and hip range of motion exercises were commenced. 
Wheelchair ambulation was encouraged as soon as possible if the pain was tolerable. Afterward, weight-bearing 
was gradually permitted according to the patient’s condition and fracture pattern.

Data collection and reduction evaluation
Data on demographics, including age; sex; body mass index (BMI); age-adjusted Charlson comorbidity index 
(CCI)14; injury mechanism; the lowest T-score for the lumbar spine, neck, and total femur of the bone mineral 
density; preoperative osteoarthritis (OA); and follow-up period, were assessed. A low-energy mechanism of 
injury was defined as falls from heights of ≤ 1  m15. Preoperative OA was evaluated in the fractured hip whenever 
possible using Kellgren and Lawrence (K–L)  grade16 by two authors (E.J.L. and J.A.). When the evaluation was 
difficult due to intra-articular fracture, the OA grade of the contralateral hip joint was used. Fracture pattern was 
evaluated based on the Judet and Letournel  classification16. Approaches used for the acetabular fracture surgery 
were evaluated using surgical records. The presence of negative predictive factors, such as posterior wall involve-
ment, dome impaction, femoral head impaction, posterior dislocation, central dislocation, and separation of the 
quadrilateral plate was evaluated through a preoperative computed tomography (CT) scan.

Quality of reduction was evaluated according to the Matta  criteria17. We evaluated gap and step displace-
ment in the weight-bearing dome based on the pelvis CT scan with axial, coronal, and sagittal  planes18. Patients 
with anatomic and imperfect displacement of ≤ 3 mm according to the Matta criteria were classified as the ‘good 
reduction group’ and those with poor displacement of > 3 mm as the ‘poor reduction group’ (Fig. 4).

Figure 3.  Surgical procedure for reduction of dome impaction. (a) The impacted dome fragment was reduced 
using an elevator. (b) The reduced dome fragment was temporarily fixed using a K-wire. (c) A 3.5-mm 
cannulated screw was inserted along the K-wire as a guide pin.
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Outcome assessment and comparison
Postoperative radiographs at the last follow up or immediately before THA were used to assess postoperative 
OA using the K–L grade. Radiographic OA was defined as K–L grades 3 and 4. Functional score was assessed 
using the Harris hip score (HHS)19 at the final outpatient visit or before THA conversion. Patients without 
functional scores at the outpatient visit were interviewed by telephone. Conversion to THA was assessed using 
final radiographs and telephone interview.

The outcomes were categorized dichotomously using radiographic grade and functional score. Poor outcomes 
were defined as one of the following: conversion to THA or the presence of radiographic OA, combined with 
poor or fair results in the HHS (HHS < 80). The HHS value is based on the 15th percentile of HHS score following 
acetabular fracture, which represents the THA conversion after acetabular  fracture21–23.

Therefore, a good outcome was defined as requiring no additional surgical treatment, good or excellent results 
in the HHS (HHS ≥ 80), or no evidence of radiographic OA. Deceased patients were evaluated by assessing the 
radiographs and medical records at the final outpatient visit. Radiographic OA and severe pain or inability to 
perform activities of daily living were considered poor outcomes.

Medical complications such as pneumonia, urinary tract infection, and pulmonary embolism and surgical 
complications such as postoperative foot drop that resulted from sciatic nerve injury, hardware breakage, and 
reoperation for any reason were assessed.

Radiographic OA, HHS, THA conversion, good/poor outcomes, and complications were compared between 
the good and poor reduction groups. A subgroup analysis was performed in patients with dome impaction 
according to the postoperative reduction state, and in patients in the good reduction group according to pres-
ence of dome impaction. A multivariate analysis was performed to assess which factors were associated with 
good/poor outcomes.

Statistical analysis
Statistical analyses were performed using the SPSS Statistics version 23.0 (IBM Corp., Armonk, NY, USA). 
We used the chi-square test or Fisher’s exact test for categorical variables, and the independent t-test or the 
Mann–Whitney test for continuous variables. A logistic regression analysis was conducted for the multivariate 
analysis. First, a bivariate analysis was performed for the variables which could be clinically significant. Then, 
the variables with P < 0.2 in the bivariate analysis were included in the multivariate analysis. All continuous data 
are expressed as means and standard deviations. Significance was set at P < 0.05, and Bonferroni correction was 
applied for multiple comparisons.

Results
Among 54 patients, 45 patients were in the good reduction group, whereas 9 patients were in the poor reduction 
group. No significant differences in age (70.7 ± 5.6 vs. 67.1 ± 5.8, P = 0.089); male sex (67 and 73%, P = 0.696); and 
other demographic data including BMI, CCI, injury mechanism, T-score and preoperative OA were observed 
between the two groups (Table 1). The mean follow-up length was 45.0 ± 63 (12–197) in the poor reduction group 
and 44.0 ± 37.0 (12–151) in the good reduction group. Regarding fracture pattern, the poor reduction group had 
column (78%), transverse (11%), and T-type (11%) fractures. No significant differences in the fracture patterns, 
approaches, and negative predictive factors were noted between the two groups (Table 2).

The good reduction group demonstrated better clinical outcomes (HHS; 82.1 ± 12.4 vs. 68.6 ± 20.5, P = 0.022) 
and lesser proportion of radiographic OA than the poor reduction group (18 vs. 77%, P = 0.001). However, no 
significant difference in THA conversion was observed between the two groups (9 vs. 33%, P = 0.081). The good 
reduction group demonstrated higher proportion of good outcomes than the poor reduction group (89 vs. 22%, 
P < 0.001). No difference in complications was observed between both groups (Table 3).

In a subgroup analysis of patients with dome impaction (Fig. 5), radiographic OA, HHS, and THA conversion 
did not indicate any significant differences between the two groups. Meanwhile, the good reduction group had 

Figure 4.  Evaluation of quality of reduction. (a) Gap and (b and c) step displacement in the weight-bearing 
dome was evaluated based on postoperative computed tomography with (a) axial, (b) coronal, and (c) sagittal 
planes.



5

Vol.:(0123456789)

Scientific Reports |        (2023) 13:19091  | https://doi.org/10.1038/s41598-023-46652-5

www.nature.com/scientificreports/

higher proportion of good outcomes than the displacement group (80 vs. 20%, P = 0.031). In a subgroup analysis 
of the good reduction group, the patients with dome impaction demonstrated a higher incidence of radiographic 
OA than those without dome impaction (40 vs. 7%, P = 0.011). However, HHS, THA conversion, and good/poor 
outcomes did not demonstrate any significant differences according to the presence of dome impaction (Table 4).

In the bivariate analysis, the female sex, PW involvement, dome impaction, and reduction status were 
included in the multivariate analysis. In the multivariable analysis, the female sex (odds ratio [OR] 19.335; 95% 
confidence interval [CI] 1.137–328.851; P = 0.040) and poor reduction status (OR 0.014; 95%CI 0.001–0.169; 
P = 0.001) were significantly associated with poor outcomes (Table 5).

Table 1.  Baseline demographics. BMI body mass index, CCI Charlson comorbidity index, OA osteoarthritis, 
K–L grade Kellgren–Lawrence grade.

Poor reduction group
(n = 9)

Good reduction group
(n = 45) P value

Age (years) 70.7 ± 5.6 67.1 ± 5.8 0.089

Sex 0.696

 Male 6 (67%) 33 (73%)

 Female 3 (33%) 12 (27%)

BMI (kg/m2) 25.6 ± 2.9 23.9 ± 2.5 0.067

CCI 3.9 ± 1.5 3.9 ± 1.8 0.972

Injury mechanism 1.000

 Low energy 2 (22%) 10 (22%)

 High energy 7 (78%) 35 (78%)

T-score  − 2.5 ± 0.9  − 1.7 ± 1.2 0.110

Preoperative OA (K–L grade) 0.264

 0 2 (22%) 5 (11%)

 1 7 (78%) 34 (76%)

 2 0 (0%) 6 (13%)

Follow-up length (months) 45.0 ± 63.0
(12–197)

44.0 ± 37.0
(12–151) 0.948

Table 2.  Details on fracture patterns, approaches, and negative predictive factors. ACPHT anterior column 
and posterior hemitransverse, PW posterior wall, QLP quadrilateral plate.

Poor reduction group
(n = 9)

Good reduction group
(n = 45) P value

Fracture patterns 0.177

 Anterior column 13 (29%)

 Both column 7 (78%) 18 (40%)

 ACPHT 5 (11%)

 Transverse 1 (11%) 2 (4%)

 Transverse + PW 2 (4%)

 T-type 1 (11%) 5 (11%)

Approaches 0.234

 Ilioinguinal 2 (22%) 17 (38%)

 Kocher–Langenbeck 0 (0%) 5 (11%)

 Percutaneous 0 (0%) 5 (11%)

 Stoppa 7 (78%) 18 (40%)

Negative predictive factors

 PW involvement 4 (44%) 17 (38%) 0.723

 Dome impaction 5 (56%) 15 (33%) 0.266

 Femoral head impaction 2 (22%) 2 (4%) 0.125

 Posterior dislocation 0 (0%) 1 (2%) 1.000

 Central dislocation 1 (11%) 16 (36%) 0.244

 QLP separation 3 (33%) 15 (33%) 1.000
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Discussion
In the present study, patients with elderly acetabular fractures demonstrated satisfactory outcomes when good 
reduction was achieved. Additionally, reduction status was the strongest predictor of outcome. In previous 
studies, dome impaction was proposed as a negative predictive factor, which could suggest later THA in elderly 
acetabular  fractures10. However, even with dome impaction, good outcomes could be expected when good reduc-
tion was achieved, and patients with good reduction demonstrated comparable outcomes regardless of presence 
of dome impaction except those with radiographic OA.

Age, delay of surgery, reduction quality, and fracture patterns were identified as prognostic factors for ace-
tabular  fractures20. Even if age is a prognostic factor, surgical treatment showed better clinical outcomes than 
non-operative treatment for displaced acetabular fractures in elderly  patients25. In contrast to other patient pre-
disposing factors, reduction quality could be controlled by the surgeon’s efforts. Thus, studies have emphasized 
the importance of the reduction of acetabular  fractures10,20–22. Here, the good reduction group demonstrated 
satisfactory radiographic and functional outcomes in the overall analysis compared to the poor reduction group. 
Although acute or delayed THA could be an alternative treatment for elderly acetabular fractures, ORIF can be 
the first option when appropriate reduction is feasible.

We demonstrated that the conversion rate to THA in patients with dome impaction was 20% (4/20), which 
was comparative with those of previous studies reporting a conversion rate of approximately 14%–33%13,23,24. 
In contrast to outcomes according to reduction in dome impaction, the poor reduction group (80%) had a 
higher incidence of poor outcomes than the good reduction group (20%). Dome impaction is a representa-
tive prognostic factor, and frustrating outcomes occurred in those who did not use the intrapelvic approach, 
in the initial  report11. Consequently, surgical techniques which directly visualize and reduce dome fragments 
through the intrapelvic approach were  introduced13,25. Likewise, to address dome impaction, we used mainly the 
Stoppa (46%) and ilioinguinal (35%) procedures during which we used a third window to allow examination of 
the intrapelvic structure. Garner and Sagi have reported a reduction of dome impaction using the intrapelvic 
approach, however they created a cortical window to achieve direct reduction of impacted dome  fragments26. 

Table 3.  Outcome analysis according to reduction state. K–L grade Kellgren–Lawrence grade, HHS Harris hip 
score, THA total hip arthroplasty.

Poor reduction group
(n = 9)

Good reduction group
(n = 45) P value

Postoperative OA 0.001

 No or minimal OA
(K–L grades 0, 1, 2) 2 (22%) 37 (82%)

 Radiographic OA
(K–L grades 3, 4) 7 (77%) 8 (18%)

HHS 68.6 ± 20.5 82.1 ± 12.4 0.022

THA conversion 3 (33%) 4 (9%) 0.081

Outcomes  < 0.001

 Good 2 (22%) 40 (89%)

 Poor 7 (78%) 5 (11%)

Complications

 Pneumonia 1 (11%) 2 (4%) 0.428

 Urinary tract infection 1 (11%) 3 (7%) 0.529

 Pulmonary embolism 1 (11%) 0 (0%) 0.167

 Infection 1 (11%) 1 (2%) 0.308

 Foot drop 0 (0%) 0 (0%)

 Hardware breakage 0 (0%) 1 (2%) 1.000

 Reoperation 0 (0%) 0 (0%)

Hospital stay (days) 51.6 ± 39.3 25.0 ± 23.8 0.009

Figure 5.  Flowchart of the subgroup analysis in patients with dome impaction according to postoperative 
reduction state and in the patients in the good reduction group according to presence of dome impaction.
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By contrast, we used a fracture window to expose the dome fragment. In elderly patients, maintenance of reduc-
tion in osteoporotic bones was another concern. We supported articular fragments with a rafting screw, which 
does not rely on osteoporotic cancellous bone but on articular fragments which had a stiff portion. Therefore, 
bone grafting in defects created by reducing impacted fragments, which could be emphasized in elderly patients, 
has become a concern. Because no direct comparative study was conducted, filling the defect depends on the 

Table 4.  Subgroup analysis of outcomes. OA osteoarthritis, K–L grade Kellgren–Lawrence grade, HHS Harris 
hip score, THA total hip arthroplasty.

Comparison in patients with dome impaction

P value
Poor reduction group
(n = 5)

Good reduction group
(n = 15)

Postoperative OA 0.303

 No or minimal OA
(K–L grades 0, 1, 2) 1 (20%) 9 (60%)

 Radiographic OA
(K–L grades 3, 4) 4 (80%) 6 (40%)

HHS 63.8 ± 20.3 79.8 ± 13.8 0.077

THA conversion 2 (40%) 2 (13%) 0.249

Outcomes 0.031

 Good 1 (20%) 12 (80%)

 Poor 4 (80%) 3 (20%)

Comparison in the good reduction group

P value
Dome impaction (+)
(n = 15)

Dome impaction (−)
(n = 30)

Postoperative OA 0.011

 No or minimal OA
(K–L grades 0, 1, 2) 9 (60%) 28 (93%)

 Radiographic OA
(K–L grades 3, 4) 6 (40%) 2 (7%)

HHS 79.8 ± 13.8 83.1 ± 11.8 0.447

THA conversion 2 (7%) 2 (13%) 0.591

Outcomes 0.315

 Good 12 (80%) 28 (93%)

 Poor 3 (20%) 2 (7%)

Table 5.  Multiple logistic regression analysis for the risk factors of poor outcomes. *Odds ratio was calculated 
by adding 0.5 on each cell because the contingency table has one cell containing a zero count. † P value was 
calculated using Fisher’s exact test. CI confidence interval, BMI body mass index, CCI Charlson comorbidity 
index, OA osteoarthritis, K–L grade Kellgren–Lawrence grade, N/A not applicable, QLP quadrilateral plate.

Risk for poor outcomes

Bivariate analysis Multivariate analysis

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age 1.041 (0.936–1.158) 0.458

Female sex 5.950 (1.494–23.701) 0.011 19.335 (1.137–328.851) 0.040

BMI 1.094 (0.858–1.394) 0.467

CCI 1.163 (0.823–1.643) 0.392

Preoperative OA (K–L grade) 0.706 (0.189–2.633) 0.605

Injury mechanism 0.818 (0.183–3.668) 0.793

Fracture pattern N/A 0.813

Negative predictive factors

 PW involvement 2.800 (0.752–10.427) 0.125 6.847 (0.537–87.356) 0.139

 Dome impaction 3.123 (0.833–11.703) 0.091 5.379 (0.438–66.091) 0.189

 Femoral head impaction 45 (N/A)* 0.002† N/A 0.999

 Posterior dislocation 1.107 (N/A)* 1.000†

 Central dislocation 1.115 (0.284–4.376) 0.876

 QLP separation 1.593 (0.425–5.971) 0.489

Reduction status 0.036 (0.006–0.222)  < 0.001 0.014 (0.001–0.169) 0.001
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surgeon’s preference. Zhuang et al. have reported satisfactory outcomes in patients with dome impaction with 
iliac bone grafts in bone  defects24. By contrast, Casstevens has reported the maintenance of reduction of dome 
impaction using a rafting screw without bone grafts in  void12, and we also did not perform defect filling using 
a bone graft or bone substitute.

The benefit of acute THA has been reported as no further surgical procedure was needed after THA. Borg et al. 
have reported a survival rate of 100% in 13 patients with acute  THA27. However, if anterior approach is used for 
stabilizing acetabular fractures, the patient needs to be repositioned and redraped. Herscovici et al. investigated 
elderly patients with acetabular fractures who underwent concomitant ORIF and THA, and patients who used 
the ilioinguinal approach for acetabular fracture required an average surgical time of 427 min and an average 
of 2225 mL compared to those with the Kocher–Langenbeck approach, who required 121 min and 777  mL28. 
Although having a long joint survival with a single operation is important, we focused more on the stabilization 
of a patient’s condition after major trauma. In the present study, we did not consider the posterior wall and/or 
column fractures which should be treated through the posterior approach because such fracture types inherently 
cannot obtain superomedial dome impaction. Comparison with acute THA would be appropriate with the cases 
mainly operated through the posterior approach.

In the multivariate analysis, the female sex and poor reduction status were associated with poor outcomes. 
The importance of reduction status has already been previously  emphasized11,13,25. The female sex has been 
identified by Lundin et al. as a risk factor of reoperation for acetabular  fractures29. This result could be explained 
by bone quality related to postmenopausal osteoporosis. Another hypothesis is the differences in pelvic shape 
according to  sex30. Femoral head impaction cannot be analyzed in the multivariate analysis due to zero incidence 
of patients with both good outcomes and femoral head impaction, and future studies with a large number of 
patients are needed.

The present study has several limitations. First, the retrospective study had a small sample size: the poor 
reduction group had a smaller number of patients than the good reduction group, which can create a statistical 
 weakness31. For example, the THA conversion did not obtain a statistically significant difference (P = 0.081), but 
an obvious difference can be observed in the value (33% in the poor reduction group vs. 9% in the good reduc-
tion group). This is also true for postoperative OA (80 vs. 40%, P = 0.303) and HHS (63.8 vs. 79.8, P = 0.077) 
in patients with dome impaction and PW involvement (OR, 6.847; P = 0.139) or dome impaction alone (OR, 
5.379; P = 0.189) in the multivariate analysis. In clinical practice, a poorly reduced articular fracture can lead to 
radiological OA and poor function, which can result in THA conversion. Thus, we believe that the results were 
underpowered in this study and should not be overlooked. A future study with a large sample size is required 
to confirm our results.

Second, although we assessed the reduction status of the weight-bearing dome, cases without dome impac-
tion were evaluated using another area rather than the weight-bearing dome. Because we included the cases 
without dome impaction, this point was inevitable. Third, dome impaction was analyzed dichotomously, not 
quantitatively. However, the size and initial displacement of dome impaction were all different. Nevertheless, 
the present study is valuable in that it is the first study to directly compare the reduction of dome impaction in 
elderly acetabular fractures.

In conclusion, elderly acetabular fractures demonstrated favorable outcomes when adequate reduction was 
achieved even with dome impaction. Fracture reduction should be addressed in elderly acetabular fractures 
with dome impaction.

Data availability
The data presented in this study are available on request from the corresponding author. The data are not publicly 
available due to conditions of the ethics committee of our university.

Received: 5 April 2023; Accepted: 3 November 2023

References
 1. Rinne, P. P., Laitinen, M. K., Huttunen, T., Kannus, P. & Mattila, V. M. The incidence and trauma mechanisms of acetabular frac-

tures: A nationwide study in Finland between 1997 and 2014. Injury 48, 2157–2161 (2017).
 2. Ochs, B. G. et al. Changes in the treatment of acetabular fractures over 15 years: Analysis of 1266 cases treated by the German 

Pelvic Multicentre Study Group (DAO/DGU). Injury 41, 839–851 (2010).
 3. Chakravarty, R. et al. Percutaneous column fixation and total hip arthroplasty for the treatment of acute acetabular fracture in the 

elderly. J. Arthroplasty 29, 817–821 (2014).
 4. Mouhsine, E. et al. Acute total hip arthroplasty for acetabular fractures in the elderly: 11 patients followed for 2 years. Acta Orthop. 

Scand. 73, 615–618 (2002).
 5. Malhotra, R. & Gautam, D. Acute total hip arthroplasty in acetabular fractures using modern porous metal cup. J. Orthop. Surg. 

27, 2309499019855438–2309499019855438 (2019).
 6. Nicol, G. M. et al. Outcomes of total hip arthroplasty after acetabular open reduction and internal fixation in the elderly-acute vs 

delayed total hip arthroplasty. J. Arthroplasty 36, 605–611 (2021).
 7. Pagenkopf, E., Grose, A., Partal, G. & Helfet, D. L. Acetabular fractures in the elderly: Treatment recommendations. HSS J. 2, 

161–171 (2006).
 8. Boraiah, S., Ragsdale, M., Achor, T., Zelicof, S. & Asprinio, D. E. Open reduction internal fixation and primary total hip arthroplasty 

of selected acetabular fractures. J. Orthopaedic Trauma 23, 243–248 (2009).
 9. Manson, T. T. et al. Open reduction and internal fixation alone versus open reduction and internal fixation plus total hip arthro-

plasty for displaced acetabular fractures in patients older than 60 years: A prospective clinical trial. Injury 53, 523–528 (2022).
 10. Rommens, P. M. et al. Open reduction and internal fixation of acetabular fractures in patients of old age. Int. Orthop. 44, 2123–2130 

(2020).
 11. Anglen, J. O., Burd, T. A., Hendricks, K. J. & Harrison, P. The “Gull Sign”: a harbinger of failure for internal fixation of geriatric 

acetabular fractures. J. Orthop. Trauma 17, 625–634 (2003).



9

Vol.:(0123456789)

Scientific Reports |        (2023) 13:19091  | https://doi.org/10.1038/s41598-023-46652-5

www.nature.com/scientificreports/

 12. Casstevens, C., Archdeacon, M. T., d’Heurle, A. & Finnan, R. Intrapelvic reduction and buttress screw stabilization of dome impac-
tion of the acetabulum: A technical trick. J. Orthop. Trauma 28, e133–e137 (2014).

 13. Laflamme, G. Y. & Hebert-Davies, J. Direct reduction technique for superomedial dome impaction in geriatric acetabular fractures. 
J. Orthop. Trauma 28, e39-43 (2014).

 14. Charlson, M., Szatrowski, T. P., Peterson, J. & Gold, J. Validation of a combined comorbidity index. J. Clin. Epidemiol. 47, 1245–1251 
(1994).

 15. Bergström, U., Björnstig, U., Stenlund, H., Jonsson, H. & Svensson, O. Fracture mechanisms and fracture pattern in men and women 
aged 50 years and older: A study of a 12-year population-based injury register, Umeå, Sweden. Osteoporos. Int. 19, 1267–1273 
(2008).

 16. Judet, R., Judet, J. & Letournel, E. Fractures of the acetabulum: Classification and surgical approaches for open reduction. Prelimi-
nary report. J. Bone Jt. Surg. Am. 46, 1615–1646 (1964).

 17. Matta, J. M. Fractures of the acetabulum: Accuracy of reduction and clinical results in patients managed operatively within three 
weeks after the injury. J. Bone Jt. Surg. Am. 78, 1632–1645 (1996).

 18. Verbeek, D. O., van der List, J. P., Villa, J. C., Wellman, D. S. & Helfet, D. L. Postoperative CT is superior for acetabular fracture 
reduction assessment and reliably predicts hip survivorship. J. Bone Jt. Surg. Am. 99, 1745–1752 (2017).

 19. Söderman, P. & Malchau, H. Is the Harris hip score system useful to study the outcome of total hip replacement?. Clin. Orthop. 
Relat. Res. 384, 189–197 (2001).

 20. Briffa, N., Pearce, R., Hill, A. M. & Bircher, M. Outcomes of acetabular fracture fixation with ten years’ follow-up. J. Bone Jt. Surg. 
Br. 93, 229–236 (2011).

 21. Deo, S. D. et al. Operative management of acetabular fractures in Oxford. Injury 32, 581–586 (2001).
 22. Sanders, E. et al. Outcome following open reduction internal fixation (ORIF) of acetabular fractures in the elderly. J. Orthop. 

Trauma 103, 57 (2021).
 23. Navarre, P. et al. Outcomes following operatively managed acetabular fractures in patients aged 60 years and older. Bone Jt. J. 102, 

1735–1742 (2020).
 24. Zhuang, Y., Lei, J. L., Wei, X., Lu, D. G. & Zhang, K. Surgical treatment of acetabulum top compression fracture with sea gull sign. 

Orthop. Surg. 7, 146–154 (2015).
 25. Kim, J. W., Seo, Y. M. & Jang, H.-S. Reduction technique of dome impaction using the modified Stoppa approach: A technical note. 

J. Korean Fract. Soc. 30, 131–136 (2017).
 26. Garner, M. R. & Sagi, H. C. Isolated anterior intrapelvic approach for operative reduction and fixation of an anterior column 

acetabulum fracture with superior impaction. J. Orthop. Trauma. Grand Rounds 1–5 (2016).
 27. Borg, T., Hernefalk, B. & Hailer, N. P. Acute total hip arthroplasty combined with internal fixation for displaced acetabular fractures 

in the elderly: A short-term comparison with internal fixation alone after a minimum of two years. Bone Jt. J. 101, 478–483 (2019).
 28. Herscovici, D. Jr., Lindvall, E., Bolhofner, B. & Scaduto, J. M. The combined hip procedure: Open reduction internal fixation 

combined with total hip arthroplasty for the management of acetabular fractures in the elderly. J. Orthop. Trauma 24, 291–296 
(2010).

 29. Lundin, N., Berg, H. E. & Enocson, A. Complications after surgical treatment of acetabular fractures: A 5-year follow-up of 229 
patients. Eur. J. Orthop. Surg. Traumatol. (2022).

 30. Jordaan, H. V. The differential development of the hominid pelvis. S. Afr. Med. J. 50, 744–748 (1976).
 31. Wasserstein, R. L., Schirm, A. L. & Lazar, N. A. Moving to a world beyond “p < 0.05”. Am Stat. 73, 1–19 (2019).

Author contributions
E.J.L. wrote the entire manuscript as a first author. H.S. and J.Y. contributed to surgical protocol description. J.A. 
contributed to material preparation and data collection. J.W.K. contributed to entire study process and quality 
control as a corresponding author. All authors read and approved the final manuscript.

Funding
This research was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT) (2021R1A2C1012972).

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.W.K.

Reprints and permissions information is available at www.nature.com/reprints.

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

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:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Surgical outcomes of acetabular fracture of elderly patients with superomedial dome impaction
	Materials and methods
	Patient selection
	Surgical technique for reduction of dome impaction
	Data collection and reduction evaluation
	Outcome assessment and comparison
	Statistical analysis

	Results
	Discussion
	References


