
Citation: Pedrinelli A, Hernandes AJ, Ejnisman L, Fagotti L, de Almeida AM and Lazaretti T. Stress Fracture and 
Pubalgia: Spatiotemporal Trends, Revisit Rates and Causes. Phys Med Rehabil Int. 2018; 5(1): 1137.

Phys Med Rehabil Int - Volume 5 Issue 1 - 2018
ISSN : 2471-0377 | www.austinpublishinggroup.com 
Pedrinelli et al. © All rights are reserved

Physical Medicine and Rehabilitation - 
International

Open Access

Abstract

Background: Pubalgia and pelvic stress fractures are common among 
athletes, with different therapeutic options having achieved varying rates of pain 
reduction and early return to sport activities.

Aims: We aimed to evaluate the rate of 90-day hospital revisits and its 
determinants after a surgical procedure for pubalgia and a diagnosis pelvic 
stress fracture, and to assess the trend of pelvic stress fracture prevalence over 
time.

Methods: This was a longitudinal secondary data analysis of patients 
undergoing surgical procedures for pubalgia and stress fracture of the pelvis 
in Florida, Kentucky and Maryland, derived from three HCUP state-specific 
databases.

Results: Of 2,112 subjects with pubalgia, the average age was 44.2 (± 23), 
53.8% were female, 61% white and 15.9% were readmitted, the mean revisit 
time being 6.35 (± 18) days. Risk factors for revisits included age > 42 [OR: 
2.41 (1.89, 3.09)], female gender, and a Charlson comorbidity score > 0 [OR: 
2.3 (1.74, 3.01)]. The 678 participants with stress fractures presented a mean 
age of 65 years (± 19.1), 77% were female, 87% White, with a revisit rate of 
24.9% with an average time of 8.65 (± 20.3). Increased 90-day revisit rates 
were associated with a Charlson co-morbidity score > 0 [OR: 3.11 (2.16, 4.52)] 
and Van Walraven score > 0 [OR: 2.53 (1.78, 3.64)], whereas private insurance 
payment decreased the risk of revisits. 

Conclusion: Comorbidities and age significantly increased the risk of 
revisits for both conditions, while being female was an independent risk factor 
for pubalgia patients.
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Introduction

Pubalgia (groin pain) is a common cause of early retirement in 
many sports disciplines [1] and is frequently observed among athletes 
who perform sudden cutting, pivoting and kicking movements 
[1,2]. Pubalgia remains a diagnostic and therapeutic challenge 
[3–6]. The repetitive use of the pubis symphysis with the resulting 
progressive lesions on rectus abdominus, adductor muscles (rectal-
adductor syndrome) and the symphysis itself (osteitis pubis and 
joint injury) account for 40% of Pubalgia cases. “Sports hernia” or 
anteroinferior abdominal wall insufficiency is responsible for another 
40% of pubalgia cases while diseases of the neighboring structures 

including the hip, iliopsoas, hamstring, sacroiliac, nerves as well as 
urogenital diseases account for 20% [7]. Athletic pubalgia, intra-
articular hip pathologies (labral/femoroacetabular impingement), 
traumatic myotendinous ruptures (hip adductors, rectus abdominis), 
and diseases of the abdominal wall (inguinal hernias) are considered 
as differential diagnoses [1]. Recent consensus suggests a diagnostic 
classification based on five clinical entities; adductor, hip joint, pubic 
bone stress injury, iliopsoas-, and abdominal wall-related pathology 
[3]. Initial therapy for pubalgia is usually conservative consisting 
of massage, heat or ice, and NSAIDs, followed by rehabilitation. 
However, available evidence suggests that nonsurgical approach 
is unsuccessful. Surgical treatment options include open and 
laparoscopic repair of the abdominal wall and pelvic floor muscles as 
well as arthroscopy for femoroacetabular impingement (FAI) when 
the latter is comorbidity. Laparoscopic repair allows earlier return 
to sporting activities [8]. In one series, 32% of patients required 
arthroscopy for FAI after muscle repair surgery for pubalgia [2]. 
Another series reported 89% of patients returning to sports after both 
pubalgia surgery and arthroscopy for FAI were performed [9,10] 
as opposed to 25% following pubalgia surgery alone, and 50% with 
arthroscopy for FAI alone [2]. Optimum outcomes and unrestricted 
return to sports have been reported especially with concurrent, staged 
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management of pubalgia surgery and arthroscopy [11].

Different treatment modalities for pubalgia and pelvic stress 
fractures have shown varying degrees of success at reducing pain and 
permitting the return to normal activities. However, no study to the 
best of our knowledge has described the trends on readmissions and 
revisits geographically over time.

Stress fractures which include fatigue and insufficiency fractures 
are frequently seen among sportsmen and women [12], as a result 
of repetitive stress on bone [13,14]. Rarely, they may result from 
radiotherapy [15]. Fatigue fractures result from the constant 
application of abnormal stresses on a normal bone while insufficiency 
fractures are due to normal cyclical loading on abnormal bone [14]. 
Stress fractures are more common in females [16] than males. Stress 
fractures of the pelvis are relatively rare making up just about 1-2% 
of all stress injuries [13,14,17] but can be particularly devastating 
since they require a longer rehabilitation period of approximately 
6-12 months compared with 4-8 weeks for stress fractures at other 
sites [17]. They are more common among track and field athletes 
and those involved in other running sports disciplines [12]. The sites 
of the fractures typically vary with sports disciplines [12] and with 

the age of the subject. Fibular and tibial stress fractures occur mostly 
in the younger athletes while femoral and tarsal stress fractures are 
more frequent in the older [17]. In the adult, most of the repetitive 
injuries occur concurrently in the sacrum, pubic rami, and symphysis 
[14,15]. Pubic rami fractures which are more common in women, 
result in pain in the adductor, inguinal or perineal region [13]. Plain 
radiographs and MRI are the major diagnostic procedures for stress 
fractures [13,15,18]. Initial management is conservative, comprising 
analgesia, bed rest [18–20] with cessation of the precipitating activity 
[16] followed by an ‘active’ therapy where the athlete continues 
physical exercises depending on the fracture site [16]. In insufficiency 
fractures, this initial phase precedes anabolic or antiresorptive 
medications (calcium and vitamin D supplements, bisphosphonates, 
and teriparatide) meant to reduce the risk of further fractures [18–
20]. Electrical stimulation and extracorporeal shock wave therapy 
as adjunctive therapies have been reported to hasten recovery and 
return to sporting activities [19,20]. Surgery is required when the 
fracture site is unstable or in the setting of neurological deficits or 
disruption in the alignment of the sacrum. Osteosynthesis with screws 
or hinge fixation is the procedure of choice [19]. Reinforcement 
with methylmethacrylate cement [18,19], bone graft or bone graft 

Figure 1: Geospatial trends in the prevalence of stress fractures of the pelvis or of the femoral neck in Florida.

Figure 2: Geospatial trends of the prevalence of fractures of the pelvis or of the femoral neck in Kentucky.
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substitutes have also been used to enhance fracture healing [18].

A prospective, randomized study of athletes with sports hernia 
reported that the surgical repair (laparoscopic mesh repair) was more 
efficient than conservative therapy, with 90% of patients who received 
surgical mesh returning to sporting activities within three months 
and being pain-free at the one-year follow-up [21]. Hip arthroscopy 
performed concomitantly for comorbid FAI has also been shown 
to enable a return to sporting activities [11]. However, few studies 
have reported the use of validated outcome measures. The Doha 
agreement identifies a significant association with methodologically 
weaker studies reporting higher rates of positive treatment outcomes 
[22]. The rates of readmissions, revisits, and their distribution over 
time and geographical regions are yet to be described.

According to the Hospital Readmissions Reduction Program 
created by the Patient Protection and Affordable Care Act, establishing 
surgical readmission rates is crucial, since they engender quality care 
and cost-containment [23]. Rates of readmission following surgery 
vary extensively, from 9% to 50%, across US hospitals [24–27]. In one 
series, 51.5% of those who had been discharged after surgery were 

either rehospitalized or died within the first year following discharge 
[27]. Postoperative complications are the most important risk factors 
for post-surgery readmissions [26,28]. Other risk factors reported 
among orthopedic patients include the length of hospitalization or 
admission to the intensive care unit, race, marital status and Medicaid 
insurance status. The latter three factors may indicate the state of a 
patient’s social and economic resources [29]. Other risk factors 
include index surgical admission complications, non-home discharge, 
patient comorbidities, teaching hospital status, and higher surgical 
volume. Surgical site infection is reported to be the most common 
reason for surgical readmissions [28]. Although some of these risk 
factors and reasons for surgical readmissions can apply to pubalgia 
and pelvic stress fracture patients who undergo surgical management, 
they are not specific to these patients. Indeed, risk factors and reasons 
for revisits and readmissions of pubalgia and pelvic stress fracture 
patients managed surgically, and the geographical pattern in which 
they occur over time is unknown.

In light of this gap in the literature, the objectives of our study are 
to (1) Evaluate the rate of 90-day hospital revisits and its risk factors 

Variable [Missing] Total (678) 2009 (97) 2010 (127) 2011 (116) 2012 (112) 2013 (119) 2014 (107) p

Age (y) [0] 65 (± 19.1) 66.2 (± 17.2) 64.3 (± 19.9) 65.2 (± 19.6) 66.7 (± 19.1) 64 (± 17.9) 64.2 (± 20.7) 0.835

Female [0] 522 (77%) 70 (72.2%) 95 (74.8%) 95 (81.9%) 88 (78.6%) 90 (75.6%) 84 (78.5%) 0.606

Race [8]

- White 583 (87%) 90 (92.8%) 104 (83.2%) 104 (89.7%) 95 (88%) 103 (86.6%) 87 (82.9%)

- Black 34 (5.1%) 1 (1%) 3 (2.4%) 7 (6%) 8 (7.4%) 6 (5%) 9 (8.6%)

- Hispanic 42 (6.3%) 5 (5.2%) 14 (11.2%) 3 (2.6%) 4 (3.7%) 10 (8.4%) 6 (5.7%)

- Asian or Pacific Islander 4 (0.6%) 0 (0%) 0 (0%) 1 (0.9%) 0 (0%) 0 (0%) 3 (2.9%)

- Native American 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

- Other 7 (1%) 1 (1%) 4 (3.2%) 1 (0.9%) 1 (0.9%) 0 (0%) 0 (0%)

Payment source [0] 0.328

- Medicare 425 (62.7%) 57 (58.8%) 84 (66.1%) 75 (64.7%) 68 (60.7%) 70 (58.8%) 71 (66.4%)

- Medicaid 26 (3.8%) 2 (2.1%) 2 (1.6%) 5 (4.3%) 8 (7.1%) 5 (4.2%) 4 (3.7%)

- Private insurance 193 (28.5%) 37 (38.1%) 35 (27.6%) 30 (25.9%) 31 (27.7%) 32 (26.9%) 28 (26.2%)

- Self-pay 13 (1.9%) 0 (0%) 3 (2.4%) 3 (2.6%) 0 (0%) 5 (4.2%) 2 (1.9%)

- No charge 1 (0.1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (0.8%) 0 (0%)

- Other 20 (2.9%) 1 (1%) 3 (2.4%) 3 (2.6%) 5 (4.5%) 6 (5%) 2 (1.9%)

Location [3] 0.466

- Non-CBSA 20 (3%) 3 (3.2%) 4 (3.2%) 4 (3.4%) 2 (1.8%) 1 (0.8%) 6 (5.6%)

- Micropolitan Statistical Area 12 (1.8%) 2 (2.1%) 3 (2.4%) 4 (3.4%) 1 (0.9%) 2 (1.7%) 0 (0%)

- Metropolitan Statistical Area 643 (95.3%) 90 (94.7%) 119 (94.4%) 108 (93.1%) 109 (97.3%) 116 (97.5%) 101 (94.4%)

Median household income (percentile) [11] 0.002

- 0 to 25th 186 (27.9%) 17 (18.1%) 25 (20.7%) 30 (25.9%) 34 (30.6%) 38 (32.2%) 42 (39.3%)

- 26th to 50th 209 (31.3%) 34 (36.2%) 33 (27.3%) 35 (30.2%) 26 (23.4%) 41 (34.7%) 40 (37.4%)

- 51st to 75th 185 (27.7%) 29 (30.9%) 47 (38.8%) 31 (26.7%) 35 (31.5%) 25 (21.2%) 18 (16.8%)

- 76th to 100th 87 (13%) 14 (14.9%) 16 (13.2%) 20 (17.2%) 16 (14.4%) 14 (11.9%) 7 (6.5%)

Charlson comorbidity score [0] 1.01 (± 1.57) 1.22 (± 1.72) 1.09 (± 1.57) 0.78 (± 1.25) 0.95 (± 1.37) 1.04 (± 1.75) 0.99 (± 1.7) 0.357

Van Walraven comorbidity score [0] 2.94 (± 5.92) 3.56 (± 6.03) 3.12 (± 5.8) 2.39 (± 5.65) 2.72 (± 4.98) 3.08 (± 6.53) 2.84 (± 6.45) 0.776

Revisit [0] 169 (24.9%) 26 (26.8%) 34 (26.8%) 24 (20.7%) 32 (28.6%) 24 (20.2%) 29 (27.1%) 0.545

Table 1: Patient sample characteristics for stress fracture of the pelvis or of the femoral neck categorized by year.
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following a surgical procedure for pubalgia and a diagnosis of stress 
pelvic fractures using three State HCUP databases. (2) Evaluate the 
trend of prevalence of stress fractures of the pelvis over time using 
spatial time series.

Materials and Methods
Study design

This study is a secondary data analysis of a longitudinal follow-
up of patients undergoing surgical procedures for pubalgia and a 

Figure 3: Geospatial trends of the prevalence of fractures of the pelvis or of the femoral neck in Maryland.

Revisit

Age (y) ≤ 68 1 [Reference]

Age (y) > 68 1.42 (1, 2.01)

Female FALSE 1 [Reference]

Female TRUE 0.84 (0.56, 1.26)

Race White 1 [Reference]

Race Black 1.46 (0.67, 3)

Race Hispanic 1.08 (0.51, 2.15)

Race Asian or Pacific Islander 1.02 (0.0501, 8.01)

Race Native American

Race Other 0.51 (0.0268, 3.01)

Payment source Medicare 1 [Reference]

Payment source Medicaid 1.07 (0.43, 2.44)

Payment source Private insurance 0.49 (0.32, 0.75)

Payment source Self-pay 0.44 (0.0669, 1.66)

Payment source No charge 0 (, 7.550194e+41)

Payment source Other 0.13 (0.007, 0.62)

Median household income (percentile) 0 to 25th 1 [Reference]

Median household income (percentile) 26th to 50th 0.75 (0.47, 1.18)

Median household income (percentile) 51st to 75th 0.81 (0.51, 1.28)

Median household income (percentile) 76th to 100th 0.75 (0.41, 1.34)

Charlson comorbidity score ≤ 0 1 [Reference]

Charlson comorbidity score > 0 3.11 (2.16, 4.52)

Van Walraven comorbidity score ≤ 0 1 [Reference]

Van Walraven comorbidity score > 0 2.53 (1.78, 3.64)

Table 2: 90-Day revisit odds ratio for stress fracture of the pelvis or of the femoral 
neck.

Revisit

Age (y) ≤ 68 1 [Reference]

Age (y) > 68 1.39 (1.03, 1.89)

Female FALSE 1 [Reference]

Female TRUE 0.84 (0.59, 1.19)

Race White 1 [Reference]

Race Black 1.34 (0.73, 2.47)

Race Hispanic 1.07 (0.58, 1.98)

Race Asian or Pacific Islander 1.15 (0.16, 8.2)

Race Native American (,)

Race Other 0.56 (0.0788, 4.03)

Payment source Medicare 1 [Reference]

Payment source Medicaid 1.04 (0.51, 2.13)

Payment source Private insurance 0.53 (0.36, 0.77)

Payment source Self-pay 0.46 (0.11, 1.85)

Payment source No charge 0 (0, Inf)

Payment source Other 0.15 (0.0208, 1.07)

Median household income (percentile) 0 to 25th 1 [Reference]

Median household income (percentile) 26th to 50th 0.78 (0.52, 1.15)

Median household income (percentile) 51st to 75th 0.85 (0.57, 1.26)

Median household income (percentile) 76th to 100th 0.78 (0.47, 1.3)

Charlson comorbidity score ≤ 0 1 [Reference]

Charlson comorbidity score > 0 2.69 (1.95, 3.72)

Van Walraven comorbidity score ≤ 0 1 [Reference]

Van Walraven comorbidity score > 0 2.26 (1.66, 3.08)

Table 3: Survival analysis: 90-Day readmission hazard ratio for stress fracture of 
the pelvis or of the femoral neck.
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diagnosis of stress fracture of the pelvis in Florida, Kentucky and 
Maryland as derived from three HCUP state-specific databases: 
The State Inpatient Database (SID), the State Ambulatory Surgery 
Database (SASD) and the State Emergency Department Database 
(SEDD). This study evaluates (1) The rate of 90-day hospital revisits 
following surgical procedures for pubalgia and a diagnosis of stress 
pelvic fractures as well as the corresponding risk factors and (2) the 
spatiotemporal trend in the prevalence of pelvic stress fractures This 
study is described per the STROBE (STrengthening the Reporting of 
OBservational studies in Epidemiology) guidelines [30].

Ethics
The Institutional Review Board of the University of Sao Paulo, 

Brazil approved our study.

Setting
The Healthcare Cost and Utilization Project (HCUP) is a system 

of databases composed of patient data reported by state and private 
data organizations, hospital associations and the federal government. 
It is sponsored by the Agency for Healthcare Research and Quality 

(AHRQ). We obtained data from three HCUP databases: The State 
Inpatient Database (SID) [31], the State Ambulatory Surgery Database 
(SASD) [32] and the State Emergency Department Database (SEDD) 
[33] in Florida, Kentucky, and Maryland for three years. The databases 
include de-identified discharge records for individual patients from 
all sources of coverage - Medicare, Medicaid, private insurance, 
and self-pay/uninsured. The SID consists of discharge records of all 
inpatient hospital visits including those admitted via the emergency 
department, the SASD covers ambulatory survey visits and release, 
and the SEDD reports records from emergency department visits that 
do not result in an admission. Individual patient records across all 
three databases were linked and tracked using an encrypted patient-
level identifier. Our study focused on patients who underwent 
surgical procedures for pubalgia, and stress fracture of the pelvis in 
Florida, Kentucky, and Maryland between the years 2010 and 2013.

The HCUP databases contain links to the AHA Annual Survey 
data elements containing additional hospital-specific indicators 
calculated from the American Hospital Association (AHA) data. 
The HCUP American Hospital Association (AHA) Linkage Files 

Variable [Missing] Total (2,112) 2009 (272) 2010 (342) 2011 (385) 2012 (352) 2013 (392) 2014 (369) P

Age (y) [0] 44.2 (± 23) 41.6 (± 23.1) 43 (± 24.3) 43.6 (± 22.6) 45.7 (± 22.9) 45 (± 21.8) 45.4 (± 23.4) 0.185

Female [0] 1,136 (53.8%) 133 (48.9%) 181 (52.9%) 218 (56.6%) 199 (56.5%) 213 (54.3%) 192 (52%) 0.354

Race [16]

- White 1,278 (61%) 182 (67.4%) 210 (63.1%) 226 (59.2%) 217 (61.6%) 223 (56.9%) 220 (59.9%)

- Black 388 (18.5%) 49 (18.1%) 70 (21%) 66 (17.3%) 54 (15.3%) 77 (19.6%) 72 (19.6%)

- Hispanic 365 (17.4%) 28 (10.4%) 47 (14.1%) 73 (19.1%) 70 (19.9%) 79 (20.2%) 68 (18.5%)

- Asian or Pacific Islander 5 (0.2%) 1 (0.4%) 3 (0.9%) 0 (0%) 0 (0%) 1 (0.3%) 0 (0%)

- Native American 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

- Other 60 (2.9%) 10 (3.7%) 3 (0.9%) 17 (4.5%) 11 (3.1%) 12 (3.1%) 7 (1.9%)

Payment source [0] < 0.001

- Medicare 507 (24%) 61 (22.4%) 90 (26.3%) 81 (21%) 85 (24.1%) 91 (23.2%) 99 (26.8%)

- Medicaid 345 (16.3%) 51 (18.8%) 68 (19.9%) 54 (14%) 52 (14.8%) 54 (13.8%) 66 (17.9%)

- Private insurance 796 (37.7%) 82 (30.1%) 92 (26.9%) 179 (46.5%) 148 (42%) 162 (41.3%) 133 (36%)

- Self-pay 302 (14.3%) 51 (18.8%) 67 (19.6%) 40 (10.4%) 39 (11.1%) 55 (14%) 50 (13.6%)

- No charge 27 (1.3%) 4 (1.5%) 7 (2%) 1 (0.3%) 3 (0.9%) 9 (2.3%) 3 (0.8%)

- Other 135 (6.4%) 23 (8.5%) 18 (5.3%) 30 (7.8%) 25 (7.1%) 21 (5.4%) 18 (4.9%)

Location [16] < 0.001

- Non-CBSA 66 (3.1%) 5 (1.9%) 14 (4.1%) 9 (2.3%) 10 (2.9%) 17 (4.4%) 11 (3%)

- Micropolitan Statistical Area 72 (3.4%) 14 (5.2%) 18 (5.3%) 23 (6%) 8 (2.3%) 5 (1.3%) 4 (1.1%)

- Metropolitan Statistical Area 1,958 (93.4%) 250 (92.9%) 307 (90.6%) 352 (91.7%) 331 (94.8%) 365 (94.3%) 353 (95.9%)
Median household income 
(percentile) [34] < 0.001

- 0 to 25th 661 (31.8%) 73 (27.3%) 109 (32.8%) 119 (31.1%) 108 (31.2%) 131 (34.2%) 121 (33%)

- 26th to 50th 642 (30.9%) 89 (33.3%) 111 (33.4%) 103 (26.9%) 83 (24%) 138 (36%) 118 (32.2%)

- 51st to 75th 522 (25.1%) 71 (26.6%) 71 (21.4%) 101 (26.4%) 114 (32.9%) 84 (21.9%) 81 (22.1%)

- 76th to 100th 253 (12.2%) 34 (12.7%) 41 (12.3%) 60 (15.7%) 41 (11.8%) 30 (7.8%) 47 (12.8%)

Charlson comorbidity score [0] 0.28 (± 0.78) 0.36 (± 1.03) 0.24 (± 0.66) 0.26 (± 0.73) 0.27 (± 0.8) 0.29 (± 0.83) 0.26 (± 0.66) 0.684

Van Walraven comorbidity score [0] 0.86 (± 3.61) 1.07 (± 4.54) 0.83 (± 3.28) 0.72 (± 3.48) 0.91 (± 3.88) 0.74 (± 3.34) 0.96 (± 3.24) 0.833

Revisit [0] 336 (15.9%) 58 (21.3%) 62 (18.1%) 51 (13.2%) 57 (16.2%) 62 (15.8%) 46 (12.5%) 0.028

Table 4: Sample characteristics of subjects with pubalgia categorized by year.
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were used to link all the HCUP states databases with hospital-level 
longitude and latitude.

Participants
We identified patients who underwent a surgical procedure for 

pubalgia (ICD9 diagnostic code 848.8; CPT codes: 27299, 49659, 
49999; ICD9 procedure code: 8045) or had a diagnosis of stress 
fracture of the pelvis (ICD9 diagnostic code: 73398; 73396) from 
2010 to 2013 in Florida, Kentucky and Maryland. We excluded 
patients with previous abductor-tendon lesions, and inguinal hernia 
operations.

We defined the index surgical procedure as the first surgery 
for each pubalgia patient or the first index visit for patients with 
stress fractures from 2010 to 2013. The encrypted patient identifier 
connecting patients to subsequent procedures was used to calculate 
90-day hospital revisit rates.

Outcomes measures
The 90-day hospital revisit rates and risk factors associated with 

revisits were analyzed using visit linkage variables across patient 
encounters. The time between the index procedure and hospital 
revisit in each of the three databases was used to calculate readmission 
rates. We defined a 90-day hospital readmission as a readmission to 
an ambulatory surgery center or inpatient hospital admission within 
90 days from the index procedure. The other outcome variable was 
the spatial location of the visit between 2010 and 2013 as determined 
by the longitude and latitude of the hospital where care was provided.

Demographic data were defined at the time of the index procedure 
including age, race, patient residence (large metropolitan ≥1 million 
residents, small metropolitan <1 million residents, micropolitan 
between 10,000 and 50,000 residents, or neither metropolitan nor 
micropolitan), primary expected payer (Medicaid, Medicare, private 
insurance, self-pay, or other). Co-morbidities categorized using 
the International Classification of Diseases (ICD-9). Mainly, Deyo-
Charlson Comorbidity Index [34] and the Elixhauser-van Walraven 
Comorbidity Index [35] were also considered to determine their 
possible effect on surgical complication and revisit. Both indices are 
validated for their ability to predict mortality [36,37]. The Charlson 
Comorbidity Index is a weighted score derived from the sum of the 
scores for each of the comorbidities [34,35]. The Elixhauser-van 
Walraven Comorbidity Index includes a set of 30 acute and chronic 
comorbidity indicators, and the index score is based on the total 
number of comorbidity categories required to predict in-hospital 
mortality [35,38]. The cutoffs of >5 for Charlson score and >23 for 
Van Walraven score were chosen to represent the median so that we 
would have a similar number of subjects in each group, following a 
convention in a similar range from other publications [39,40].

Statistical methods
Our exploratory analysis started by evaluating the distributions, 

frequencies, and percentages for each of the numeric and categorical 
variables and then assessing categorical variables for near-zero 
variation or categorical variables with a low frequency of observations 
[41].

Revisit

Age (y) ≤ 42 1 [Reference]

Age (y) > 42 2.41 (1.89, 3.09)

Female FALSE 1 [Reference]

Female TRUE 1.34 (1.06, 1.7)

Race White 1 [Reference]

Race Black 0.64 (0.46, 0.89)

Race Hispanic 0.72 (0.51, 1)

Race Asian or Pacific Islander 0 (, 1.385595e+12)

Race Native American

Race Other 0.51 (0.19, 1.1)

Payment source Medicare 1 [Reference]

Payment source Medicaid 0.55 (0.39, 0.77)

Payment source Private insurance 0.32 (0.24, 0.43)

Payment source Self-pay 0.16 (0.0909, 0.26)

Payment source No charge 0.31 (0.0727, 0.9)

Payment source Other 0.31 (0.17, 0.53)

Median household income (percentile) 0 to 25th 1 [Reference]

Median household income (percentile) 26th to 50th 0.89 (0.66, 1.2)

Median household income (percentile) 51st to 75th 0.91 (0.66, 1.24)

Median household income (percentile) 76th to 100th 0.93 (0.62, 1.37)

Charlson comorbidity score ≤ 0 1 [Reference]

Charlson comorbidity score > 0 2.3 (1.74, 3.01)

Table 5: 90-day revisit odds ratio for pubalgia.

 Revisit

Age (y) ≤ 42 1 [Reference]

Age (y) > 42 2.24 (1.79, 2.82)

Female FALSE 1 [Reference]

Female TRUE 1.3 (1.04, 1.61)

Race White 1 [Reference]

Race Black 0.66 (0.49, 0.91)

Race Hispanic 0.74 (0.54, 1)

Race Asian or Pacific Islander 0 (0, Inf)

Race Native American (,)

Race Other 0.54 (0.24, 1.21)

Payment source Medicare 1 [Reference]

Payment source Medicaid 0.59 (0.44, 0.79)

Payment source Private insurance 0.36 (0.27, 0.46)

Payment source Self-pay 0.18 (0.11, 0.3)

Payment source No charge 0.36 (0.11, 1.12)

Payment source Other 0.35 (0.2, 0.59)

Median household income (percentile) 0 to 25th 1 [Reference]

Median household income (percentile) 26th to 50th 0.9 (0.69, 1.19)

Median household income (percentile) 51st to 75th 0.92 (0.69, 1.23)

Median household income (percentile) 76th to 100th 0.93 (0.65, 1.34)

Charlson comorbidity score ≤ 0 1 [Reference]

Charlson comorbidity score > 0 2.12 (1.67, 2.69)

Table 6: Survival analysis for subjects with pubalgia: 90-day revisit hazard ratio.
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Our modeling strategy to evaluate risk factors employed a series 
of logistic regression models for the odds ratio and 95% confidence 
intervals of revisit within 90 days from the surgical procedure for 
pubalgia and a diagnosis of a stress fracture of the pelvis. Survival 
curves were calculated using Kaplan-Meier plots. To evaluate the 
geographical spread of surgical procedures and diagnoses for each 
of the pubalgia and stress fracture conditions over time, we used the 
longitude and latitude of each hospital facility (available from the 
American Hospital Association Database) where patients received 
care, stratified by year. We displayed years in consecutive maps. All 
analyses were performed using the R language [42].

Results
Descriptive data

Regarding pelvic stress fracture, our sample comprised 678 
individuals with a mean age of 65 years old (± 19.1), 77% were female, 
and 87% were White. Medicare was the most common payment 
mechanism covering 62.7% of the population. The vast majority of 
our sample (95.3%) lived in metropolitan areas. The mean Charlson 
comorbidity index was 1.01 (± 1.57) while the mean Van Walraven 
score was 2.94 (± 5.92). Revisit rate was 24.9% and average time 
to those who had a revisit was 8.65 (± 20.3) days after the medical 
encounter. Across the study period, only the proportion of subjects 
with a lower socioeconomic status increased from 2009 to 2013 
(Table 1).

Factors associated with an increased 90-day revisit after a stress 
pelvic fracture of the pelvis were Charlson co-morbidity score > 0 
[OR: 3.11 (2.16, 4.52)], and Van Walraven score > 0 [OR: 2.53 (1.78, 
3.64)]. Patients with private insurance payment had lower risk of 
revisits [OR: 0.49 (0.32, 0.75)] (Table 2).

When performing the survival analysis for the 90-day revisit after 
stress fractures of the pelvis, hazard ratios were higher for subjects 
above 68 years of age [1.39 (1.03, 1.89)], or for subjects who presented 
Charlson co-morbidity indexes > 0 [2.69 (1.95, 3.72)]. However, 
hazard ratios were lower for those subjects having their procedures 
covered under private insurance [0.53 (0.36, 0.77)] (Table 3).

Our sample of individuals with pubalgia comprised of 2112 
subjects of average age 44.2 (± 23), 53.8% of them female, 61% white, 
and 24% of them paying using Medicare. Most of the subjects resided 
in metropolitan areas (93.4%). The mean Charlson comorbidity index 
was of 0.28 (± 0.78) while the average Van Walraven score was of 0.86 
(± 3.61). The percentage of individuals readmitted was 15.9%, the 
mean revisit time being 6.35 (± 18) days after the procedure (Table 4).

Risk factors for revisit after pubalgia were age > 42 [OR: 2.41 
(1.89, 3.09)], female gender [OR: 1.34 (1.06, 1.7)], and Charlson 
comorbidity score > 0 [OR: 2.3 (1.74, 3.01)] (Table 5).

Survival analysis for revisits in subjects experiencing pubalgia 
demonstrated that age > 42 years old [HR: 2.24 (1.79, 2.82)], female 
sex [HR: 1.3 (1.04, 1.61)] and Charlson co-morbidity index > 0 [HR: 
2.12 (1.67, 2.69)] are risk factor for revisits after the first encounter. 
On the other side, being reimbursed with a mechanism other than 
Medicare and a Black/African-America race was associated with 
decrease risk of a revisit [HR: 0.66 (0.49, 0.91)] (Table 6).

Mapping spatial trends over time
Florida: We observed a north-to-south trend in the prevalence 

of stress fractures of the pelvis in the state of Florida. This pattern 
was maintained over the studied period. The Western regions of 
the state presented the lowest prevalence, with the northeastern and 
southeastern regions of the state having the highest concentration of 
cases in 2010 and 2011 (Figure 1).

Kentucky: The prevalence of stress fractures of the pelvis was 
higher in the northern regions of the state of Kentucky than in other 
areas, reaching a peak in 2011, and increased in the western regions 
during the studied period. Moreover, the eastern region of the state 
experienced a peak of these fractures in 2012 (Figure 2).

Maryland: Although the prevalence of stress fractures was 
widespread around the state, Baltimore and its surrounding areas 
remained the regions with the largest concentration of events. There 
were no major temporal trends observed in this region regarding 
stress fractures. Contrarily, the Northwestern parts of the state 
experienced a decrease in the prevalence of stress fractures (Figure 3).

Discussion
To the best of our knowledge, this was the first study evaluating 

(1) the rate of 90-day hospital revisits and its risk factors following a 
surgical procedure for pubalgia or a diagnosis of stress pelvic fractures 
using three HCUP State databases and (2) the spatiotemporal trend 
in the prevalence of pelvic stress fractures. Approximately, 24.9% 
of all stress pelvic fracture patients and 15.9% of pubalgia patients 
presented a revisit within 90 days of their index procedure. The risk 
of a revisit was significantly greater coupled with co-morbidities and 
among elderly patients with both conditions, while female sex was an 
independent risk factor for pubalgia patients. Other factors associated 
with a lower risk of revisit included payment through a private 
insurance for stress pelvic fractures, Black or African-American 
race, and having the procedure reimbursed through anything other 
than Medicare among pubalgia patients. When evaluating the 
prevalence of stress fractures over time in three states, we observed 
the largest concentration of cases in 2010 and 2011 in the state of 
Florida, with the Northern and Eastern regions of Kentucky state 
experiencing a peak of these fractures in 2011 and 2012. In Maryland, 
the largest concentration of events was observed in Baltimore and its 
surrounding areas, contrary to the Northwestern parts of this state, 
which experienced a decrease in the prevalence of stress fractures.

Our study reported an overall 90-day revisit rate of 24.9% and 
15.9% after stress pelvic fractures and pubalgia surgical procedures, 
respectively. This percentage is comparable to previous studies 
evaluating other hip conditions, where 19% of all hip fracture 
patients were readmitted within three months [43]. A prospective 
observational study reported high 90-day revisits rates of 41% after 
hospitalization for hip fractures [44]. In contrast, a retrospective 
study on patients who underwent total hip arthroplasty or total knee 
arthroplasty reported an overall 90-day readmission rate of 7.8% [45]. 
Heterogeneity is often observed in readmission rates across different 
studies, ranging from 34% [46] at four weeks to 16.7% [47] over six 
months. Reasons for the wide heterogeneity in readmission rates have 
been debated, with some of the literature focusing on factors such as 
comorbidities [48,49], age [50], gender [50,51], race [52,53] and payer 
group [54].
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Higher co-morbidity indices were one of the factors consistently 
associated with a high revisit rate for both conditions in our study. 
Our results agree with previous literature where the primary causes 
for revisits were associated with medical comorbidities rather than 
with hospital-acquired or surgical complications [48,49]. Patients 
with common co-morbidities such as infections, diabetes, pulmonary 
disease, renal failure, delirium, cardiac arrhythmias, and congestive 
heart failure have been reported to be associated with an increased risk 
of readmission [43,48,49,55,56], as have those presenting high body 
mass index and high American Society of Anesthesiologist scores 
[57]. Patients with co-existing medical conditions have an increased 
risk of revisits due to poor functional status and deteriorating pre-
existing illnesses [44]. A higher risk of revisits after discharge reflects 
the patient’s medical condition, reinforcing the hypothesis that 
minor active clinical problems can lead to revisits if untreated before 
discharge [43]. Furthermore, malnutrition is one of the determinants 
of increased hospital revisits [58]. It is therefore essential to identify 
and manage any medical and rehabilitation issues before discharge to 
prevent readmissions related to co-morbid conditions.

In our study, socio-demographic characteristics such as older age 
and female gender were also independent risk factors for higher revisit 
rates. Older age has been previously associated with an increased 
risk of hospital readmission both within and beyond 30 days for 
fragility fractures [50], including hip fractures [45,49]. This supports 
the view that elderly patients have a lower degree of functional 
recovery, with poor mobility and inability to functionally cope with 
the surgical stress after discharge, which in turn may account for 
higher revisit rates [44,59]. Also, female gender as a risk factor for 
higher readmission rates has been reported in retrospective studies 
investigating patients undergoing proximal humerus fracture surgery 
[51] and septorhinoplasty [52]. Stress fractures are more common in 
females due to geometric skeletal differences, women presenting a 
wider pelvis and a longer femur compared to men [60]. Elderly female 
patients with fractures have an increased risk of having osteoporosis 
and osteopenia, which are reported as prognostic factors for failure 
after fracture fixation, these patients also presenting decreased bone 
marrow density [51,61]. In contrast, previous studies reported male 
sex as an independent risk factor for higher readmission rates [48–
50,62], potential reasons being the increased mortality risk in men 
with hip fractures, heavy alcohol and tobacco consumption, and 
advanced age with poor health status in the presence of chronic 
conditions [63–65]. 

Consistent with previous research using the same HCUP 
databases, the Black or African-American race was one of the factors 
associated with a decreased risk of a revisit [52]. One potential 
explanation is that Black and African American patients are less prone 
to osteoporosis due to higher peak bone mass, lower bone turnover 
rates, and advantageous femur geometry [66,67], which might 
explain their lower readmission rates after orthopedic conditions as 
reported in our study. In contrast to our findings, racial and ethnic 
disparities have been previously reported to lead Black and African 
American patients to have higher revisit rates when compared with 
White patients [68–71]. Notably, Black patients treated at minority-
serving hospitals presented higher revisit rates than when treated 
at non-minority-serving hospitals [53,68]. The leading causes of 
racial disparities seem to be related to poor-quality of hospital care 

[72,73], associated patient poverty or low socioeconomic status [53], 
and issues in access to health care services in outpatient settings 
that might prevent revisits [74]. Patients with Medicaid, private 
insurance, and self-pay payer insurance were additional factors 
associated with decreased revisit rates in our study. This finding 
is similar to previously-reported results by the North Carolina 
program’s transitional care intervention. According to their report, 
a 20% reduction in readmission risk among Medicaid patients was 
observed among those with complex chronic medical conditions 
when compared to clinically similar patients receiving usual care [75]. 
Contrary to our findings, higher revisit rates are reported in patients 
with Medicaid insurance when compared to patients with other 
insurance types [51,54,76,77]. It has been suggested that less access to 
medical care, poor functional status leading to decreased functional 
outcomes, and different reimbursement rates for payer types might 
all affect patient care, ultimately resulting in hospital revisits [78].

In relation to the spatiotemporal trends, Florida, Kentucky and 
Maryland states presented a regional increase in the prevalence of 
stress fractures, but with different patterns across states. In Florida, 
a higher prevalence was more noticeable in the southern portions 
of the state. In Kentucky, the rise in prevalence of stress fractures 
occurred particularly in the northern and eastern regions, presenting 
a peak prevalence in 2011 and 2012. In Maryland, this increase 
was prominent around the Baltimore region. The progressive 
concentration of cases in metropolitan areas such as Baltimore might 
be explained by the progressive migration of ill and disabled people to 
cities for healthcare access [79,80]. Although the distribution of pelvic 
stress fractures was more widespread in Maryland, we also observed a 
decline in prevalence in the northwestern parts of the state.

Despite filling an important gap in the literature, our study does 
have limitations usually associated with an observational design. First, 
despite our best efforts in controlling for missing rates, some of our 
variables had high rates. To minimize this limitation, we made use 
of imputation algorithms followed by sensitivity analyses to ensure 
that our conclusions were valid under different assumptions. Second, 
the analysis was limited to the three states of Florida, Kentucky, and 
Maryland, which may have unique patients and care patterns that may 
not be representative of the entire USA. Although we cannot claim 
representativeness, these three states are likely not outliers to these 
conditions, and therefore our results should be mostly applicable to 
other areas of the United States and other parts of the world. 

Future studies should further investigate which types of 
complications are bringing patients back to the hospital. Moreover, 
including other indicators of quality of care besides readmissions 
should be relevant, including factors such as patient satisfaction, 
function, and quality of life [81] With better understanding of the 
causes and risk factors of revisits to optimize patient care, policy-
makers and hospital administrators can focus on allocating health 
service resources to improve patient outcomes and reduce the overall 
burden of healthcare cost.
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