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Purpose: Pelvic fracture (PF) is common, especially among older patients, 
and its prevalence increases over time. In contrast to hip fracture (HF), the 
literature on rehabilitation after PF is scant, mandating a study of the outcomes 
of rehabilitation in patients with PF. The present study compared patients who 
underwent intensive rehabilitation following HF or PF.

Methods: A retrospective study of patients 65  years of age and older who 
underwent intensive rehabilitation in the Geriatrics Department. Data were 
collected on patients with PF, while data on patients with HF were taken from 
an earlier study. All patients in both groups suffered from low-energy trauma. 
Rehabilitation outcomes were measured using the Montebello Rehabilitation 
Factor Score-revised (MRSF-R).

Results: 144 PF patients were compared with 138 HF patients. The mean age 
of the patients in the HF group was 82.5  ±  7.1 compared to 81.5  ±  6.9 in the PF 
group (p  =  0.230). Females comprised 77.5% of the patients in the HF group 
and 90.3% in the PF group (p =  0.04). All patients in the HF group underwent 
surgical repair of their fracture, while all patients in the PF group had non-
surgical treatment. More patients in the HF sample had a nursing caregiver prior 
to the fracture (92.0% vs. 60.4%, p <  0.001), had a higher Charlson Co-morbidity 
Index total score (2.1  ±  1.9 vs. 1.6  ±  1.7, p  =  0.13), developed more delirium 
(21.7% vs. 8.3%, p =  0.16), more infections (29.0% vs. 11.1%, p <  0.002), and more 
cardiovascular complications (23.9% vs. 5.6%, p <  0.001) during hospitalization. 
They had longer hospital stays (20.9  ±  7.5 vs. 18.2  ±  7.7  days, p =  0.0007), and had 
a higher mortality rate (13.8% vs. 6.3%, p =  0.037) over the first year following the 
fracture than the PF group. A similar rate of patients in both groups (64.5% vs. 
60.4%, p =  0.483) had successful intensive rehabilitation. In the PF group only 
cognitive state was an independent predictor of successful rehabilitation, with 
each additional point in the Mini Mental State Examination (MMSE) increasing 
the patient’s chance of reaching an MRFS-R score  ≥  50 by 20.5%.

Conclusion: Despite slightly different characteristics in the two groups, the 
results of intensive rehabilitation were similar. Cognitive state was the only 
independent factor that affected achievement of a better rehabilitation outcome. 
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With the increasing rate of PF, more studies should focus on rehabilitation in this 
patient population.
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Introduction

Hip fracture (HF) is a very common problem throughout the 
world (1). In elderly individuals it often leads to deterioration in their 
general condition (2–4). The risk of death in the first year after HF is 
threefold that of the same age group without HF (5). Many patients 
experience a decline in physical, social, and mental function and only 
half of the patients succeed in regaining their pre-HF functional 
capacity (6, 7). The recuperation period often is accompanied by 
emotional and social crises, in some cases leading to suicidal 
ideation (8).

Pelvic fractures (PF) are usually associated with high-energy 
trauma, are complex, difficult to treat and, at times, have a poor 
prognosis. They are considered the major cause of mortality among 
types of skeletal traumas (9). PF are also a common problem in the 
adult population (10–14).

The rate of PF among all low-energy fractures patients has 
increased over the years (10, 11, 13). While the rate of HF is on the 
decline, there is an opposite trend for PF. A nationwide register study 
from Sweden showed a decline of 18% in the incidence of HF and an 
increase of 25% in the incidence of PF over the last 16 years (15).

A large proportion of PF patients (11–53%) develop complications 
associated with PF over the course of hospitalization or after discharge 
(10, 15–21), with limited mobility (9, 12, 22–25), increased long-term 
care (LTC) (10, 12, 17, 19, 23, 24), decreased quality of life (16), 
increased utilization of healthcare system resources (14), and a 
substantial increase in mortality (9–12, 14–18, 20–24, 26–29).

Compared to the literature on HF, the literature on PF is scant 
even though the outcomes of the two types of fractures, for example 
LTC and mortality, are similar (30). Only a few studies, investigated 
predictors of mortality following PF: age (11, 16, 27, 31), male sex (10, 
11, 21), pre-fracture mobility (18, 21), co-morbidity (10, 12, 27), and 
type or number of PFs are predictors of death (10, 16).

The literature on rehabilitation outcome following HF is copious. 
In contrast, the literature on rehabilitation following PF is scant. Keene 
et al. (32) conducted a systematic review to evaluate clinical trials in 
patients with a fragility fracture of the pelvis or lower limb. They 
identified 37 studies, none of which was related to PF. Marrinan et al. 
(25) followed 110 patients who were hospitalized with PF and found 
that older age and lengthy hospital stay were independent predictors 
that a patient would need LTC at discharge from the hospital. Pfeiffer 
et  al. (33) investigated the effect on rehabilitation outcomes of 
interventions aimed at reducing the fear of falling and increasing 
physical activity. Only 17 of the 115 study participants had 
PF. Sherrington et al. (34) evaluated the effect of exercise on limited 
motility and fall prevention in patients with fractures in their lower 
limbs and PF. They did not assess or report on other variables that 
could affect the outcome of rehabilitation. Only 31 of 336 study 

patients had PF and only 15 of the 336 began intervention less than 
3 months after the fracture. To our knowledge, no studies have been 
published that specifically assessed the results of rehabilitation after 
PF. The present study had two main objectives: (a) to characterize 
patients who underwent intensive rehabilitation following PF and to 
compare them to patients who underwent the same treatment 
following HF and, (b) to identify predictors of successful rehabilitation 
following PF.

Methods

Setting and study population

The study was conducted in the Geriatrics Department of the 
Soroka University Medical Center (SMC), a tertiary care center in 
southern Israel. The department has 25 hospital beds with a 
multidisciplinary staff including board certified specialists in geriatric 
medicine, doctors training in geriatric medicine, nurses, physical 
therapists, occupational therapists, a social worker, and nutritionists. 
The department’s activities focus, in part, on intensive rehabilitation 
for patients 65 years of age and above who suffered a fracture.

Patients with HF are admitted from orthopedic surgery 
departments in the first days after the fracture. The process of 
admission to these departments has been described in the past (35). 
Briefly, these patients are assessed initially while hospitalized in the 
orthopedic surgery departments in the first days following surgery 
and patients who meet the requirements for rehabilitation in the 
Geriatrics Department are transferred to it. Patients after PF who do 
not require surgical intervention and meet the criteria for 
rehabilitation in our department are admitted directly from the 
emergency room on the basis of available beds. If there are no available 
beds they are admitted to another ward, usually orthopedic surgery, 
from where they are transferred, when possible, to our department.

For patients in both HP and PF groups, there are consistent 
criteria for admission to rehabilitation in the Geriatric Department: 
they are not able to undergo rehabilitation in the community, there are 
multiple geriatric symptoms, their health maintenance organization 
(HMO) covers rehabilitation in the department, and the patients agree 
to undergo the program in the department.

It should be emphasized that no patients with PF in this study 
underwent any type of surgical intervention. In contrast, all patients 
in the HF group had undergone surgical repair of their fractures 
before being admitted to the Geriatrics Department.

While in the Geriatrics Department, PF patients, who did not 
have surgery, and HF patients, who underwent surgical repair, went 
through an identical process including a comprehensive geriatric 
assessment by the multidisciplinary staff, which is the basis for the 
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rehabilitation plan and treatment, and weekly staff meetings in which 
the patients’ progress and suitability for the program were reviewed. 
The rehabilitation process included mobilization facilitated by all staff 
members, physiotherapy five times per week (average 45 min per 
session), occupational therapy several times a week (average 30 min 
per session), and a psychosocial intervention by the social worker. The 
end of intensive treatment and discharge from the ward were based 
on the patient’s ability to make transfers, to be mobile, and to use the 
toilet without help, or when the patient’s rehabilitation graph reached 
a plateau level.

At the completion of the intensive rehabilitation program in the 
department, the staff arranged for rehabilitation treatment in the 
community, or transfer of the patient to an LTC framework.

Men and women, 65 years of age and above, who were hospitalized 
for rehabilitation in the Geriatrics Department following PF between 
Jan. 1, 2012 and Aug. 31, 2020 were included in the study. For 
comparison we used a sample population that was included in our 
previous study (35), in which we collected data on patients between 
Jan. 1, 2016 and Dec. 31, 2019. All patients in the HF and PF groups 
had fall-induced fractures, i.e., low-energy trauma.

Data collection methods

A retrospective survey of the computerized medical records of the 
patients was conducted and the following data were collected:

Demographic variables: age, sex, education, family status, place of 
residence, and the amount of welfare allocation prior to the event.

Clinical variables

 • In the case of PF, the type of fracture by the AO/OTA 
classification (36).

 • Co-morbidity. This was calculated using the Charlson’s 
Comorbidity Score (CCI) (37) including the total score (TS) and 
the total cumulative score (TCS), which was the sum of the TS 
and the patient’s age.

 • The number of medications that the patient was taking prior to 
admission to the Geriatrics Department.

 • The patient’s Body Mass Index (BMI) at admission to the 
Geriatrics Department.

 • The Norton index (38) to calculate the risk of developing a 
pressure sore.

 • Lab tests results on admission to the Geriatrics Department: 
hemoglobin, serum albumin, creatinine and urea.

 • Cognitive assessment using the Mini Mental State Examination 
(MMSE) (39).

 • Depression was diagnosed by the staff doctors using the 
Diagnostic and Statistical Manual of Mental Disorders 5th 
edition (DSM-5) criteria (40).

 • Complications that developed over the course of hospitalization: 
rate of delirium, infection, cardiovascular problems, 
thromboembolism, and pressure sores.

 • Functional assessment was conducted using the Functional 
Independence Measure (FIM) (41), which was measured for 
anamnestic FIM (anFIM) that relates to the pre-fracture period, 
FIM on admission (FIMa), and FIM at discharge (FIMd).

Data on hospitalization and mortality

The length of hospitalization in the Geriatrics Department.
Mortality over the first post-fracture year.

Statistical analysis

Statistical analyses were conducted with the IBM SPSS Statistical 
Program, version 25. The results are presented as mean ± standard 
deviation for continuous variables with a normal distribution, as 
median and the interquartile range for continuous variables with a 
non-normal distribution, and as percentages for qualitative variables. 
We calculated the Montebello Rehabilitation Factor Score-Revised 
(MRFS-R) (42). This index is based on differences among anFIM, 
FIMa, and FIMd, using the following formula:

 ( ) ( )( ) ( ) ( )( )MRFS R FIMd FIMa / FIMd / anFIM FIMa / anFIM .− = − −

Successful rehabilitation was defined as great than or equal to 50%.
A univariate analysis was performed to evaluate associations 

between demographic and clinical variables and the outcome of 
rehabilitation. Student’s t-test or One-way ANOVA were used for 
continuous variables with normal distribution. If the distribution was 
not normal Mann–Whitney or Kruskal-Wallis were used for these 
variables. The Chi-Square test was used for qualitative variables.

Variables with a significant difference in univariate analyses 
(p  < 0.1) and those with clinical significance were included in a 
multivariate model. Before this analysis was done, a check was 
conducted for interactions or confounders, which were removed from 
the model, when deemed necessary.

The study was approved by the Internal Review Board (Helsinki 
Committee) of the Soroka University Medical Center (Approval # 
SOR-0466-20; date of registration: 18/05/2021).

Results

The study population included 144 PF patients and 138 HF 
patients. As stated above, the HF group has been described in the past 
(35), and is presented here only as a comparison group for the PF 
sample. In short, the mean age of the HF patients was 82.5 ± 7.1 years 
and 107 (77.5%) were women. Forty two (30.4%) had intracapsular 
fractures and 96 (69.6%) had other types of extracapsular HF. Ninety 
five (68.8%) underwent internal fixation, 21 (15.2%) total hip 
replacement, and 22 (15.9%) hemiarthroplasty.

Table 1 summarizes data for the two groups. The mean age of PF 
patients was 81.5 ± 6.9 compared to 82.5 ± 7.1 for the HF group 
(p = 0.23). The percentage of women was significantly higher in th PF 
group (90.3% vs. 77.5%, p < 0.001) and significantly fewer in that 
group required nursing care prior to the fracture (60.4% vs. 92.0%, 
p < 0.001). The HF group had significantly higher co-morbidity levels 
than the PF group based on the Charlson Co-morbidity Index, total 
score (CCI TS) (2.1 ± 1.9 vs. 1.6 ± 1.7, p = 0.013) and the Charlson 
Co-morbidity Index, total cumulative score (CCI TCS) (5.9 ± 1.9 vs. 
5.3 ± 1.8, p = 0.003). Patients in the HF group were taking significantly 
more drugs prior to admission to the department than PF patients 
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(10.2 ± 3.3 vs. 6.8 ± 3.7, p  < 0.0001). Compared to the PF group, 
patients in the HF group were at a significantly higher risk to develop 
pressure sores based on the Norton index (14.1 ± 1.3 vs. 13.6 ± 1.5, 
p = 0.003).

Compared to the HF group, patients in the PF group had 
significantly lower creatinine levels (1.1 ± 0.9 vs. 1.4 ± 1.5, p = 0.0003), 
lower blood urea levels (54.5 ± 33.3 vs. 72.9 ± 37.8, p < 0.0001), and 
higher albumin levels (3.6 ± 0.5 vs. 3.0 ± 0.4, p < 0.0001).

The complications rate was significantly higher in the HF group. 
The most prevalent complications were delirium (21.7% vs. 8.3%, 
p = 0.0016), infection (29.0% vs. 11.1%, p = 0.0002), and cardiovascular 
(23.9% vs. 5.6%, p < 0.0001).

There were no statistically significant differences between the 
groups in the other socio-demographic, clinical (MMSE, 
depression rate or BMI), or laboratory variables. Data on 
functional capacity, the length of hospitalization in the Geriatrics 
Department, the rehabilitation outcome, and mortality are 
presented in Table 2.

There were no differences between the groups in anFIM, FIMa, 
and FIMd. The mean duration of rehabilitation was significantly 
longer in the HF group (20.9 ± 7.5 vs. 18.2 ± 7.7 days, p = 0.0007). The 
outcome of rehabilitation was similar in the two groups with 87 of 144 

patients in the PF group (60.4%) and 89 of 138  in the HF group 
(64.5%) reaching an MRFS-R score ≥ 50 (p = 0.483).

The vast majority of the patients were discharged to their homes 
at the end of the rehabilitation process in the Geriatrics Department. 
Only five of 138 patients with HF (3.6%) and five (3.5%) of PF patients 
were transferred from the Geriatric Department to LTC (p = 0.999).

There was a statistically significant difference between the groups 
in one-year mortality with 19 deaths (13.8%) in the HF group 
compared to 9 (6.3%) in the PF group (p = 0.037).

Table 3 shows a comparison between PF patients with a successful 
rehabilitation and those whose rehabilitation was unsuccessful. There 
was a borderline difference in age with a mean age of 80.6 ± 7.4 in the 
successful group versus 82.9 ± 6.0 in the others (p = 0.055). The mean 
MMSE score was significantly higher in the successful group 
(24.2 ± 4.5 vs. 19.2 ± 5.3, p < 0.0001) and the rate of infections in the 
Geriatrics Department was significantly lower (5.7% vs. 19.3%, 
p = 0.015) in that group. There were no significant differences between 
the groups in the other variables.

A logistic regression model was built to identify independent 
variables that were significantly associated with successful rehabilitation 
(Table 4). The model included sex, CCI TS (because its univariate p 
value was below 0.1 (p = 0.081) and because it reflects co-morbidity), 

TABLE 1 Socio-demographic and medical characteristics.

Hip fracture (N =  138) Pelvic fracture (N =  144) p

Age (years) (Mean ± SD) 82.5 ± 7.1 81.5 ± 6.9 0.230

Gender (female) [n (%)] 107 (77.5) 130 (90.3) 0.004

Family status (married) [n (%)] 46 (33.3) 41 (28.5) 0.381

Nursing caregiver (yes) [n (%)] 127 (92.0) 87 (60.4) <0.001

Education > 12 years [n (%)] 47 (34.1) 40 (27.8) 0.311

Medical status

CCI TS (Mean ± SD) 2.1 ± 1.9 1.6 ± 1.7 0.013

CCI TCS (Mean ± SD) 5.9 ± 1.9 5.3 ± 1.8 0.003

Medication number (Mean ± SD) 10.2 ± 3.3 6.8 ± 3.7 <0.001

MMSE (Mean ± SD) 21.5 ± 6.3 22.3 ± 5.4 0.419

Depression [n (%)] 23 (16.7) 23 (16.0) 0.879

Norton (Mean ± SD) 13.6 ± 1.5 14.1 ± 1.3 0.003

BMI, (Mean ± SD) 24.7 ± 5.2 24.6 ± 4.6 0.910

Laboratory

Hemoglobin (g/dl) (Mean ± SD) 12.1 ± 2.0 11.7 ± 1.7 0.100

Serum creatinine (mg/dl) (Mean ± SD) 1.4 ± 1.5 1.1 ± 0.9 <0.001

Serum urea (mg/dl) (Mean ± SD) 72.9 ± 37.8 54.5 ± 33.3 <0.001

Serum albumin (g/dl) (Mean ± SD) 3.0 ± 0.4 3.6 ± 0.5 <0.001

Morbidity during rehab process [all: n (%)]

Delirium 30 (21.7) 12 (8.3) 0.016

Any infection 40 (29.0) 16 (11.1) <0.002

Cardiovascular (IHD, CHF, stroke) 33 (23.9) 8 (5.6) <0.001

Thromboembolism 3 (2.2) 1 (0.7) 0.351

Pressure Ulcers 4 (2.9) 3 (2.1) 0.683

CCI TS, Charlson Co-morbidity Index, total score; CCI TCS, the Charlson Co-morbidity Index, total cumulative score; MMSE, the Mini Mental State Examination; BMI, body mass index; 
IHD - ischemic heart disease; CHF, congestive heart failure.
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TABLE 2 Functional status, rehabilitation outcome, hospitalization time, and mortality rate.

Hip fracture (N =  138) Pelvic fracture (N =  144) p

Functional status

anFIM (Mean ± SD) 111.3 ± 15.0 106.9 ± 18.2 0.090

FIMa (Mean ± SD) 65.1 ± 14.1 67.2 ± 15.7 0.243

FIMd (Mean ± SD) 83.6 ± 19.0 84.6 ± 18.09 0.756

MRFS-R (Mean ± SD) 47.9 ± 38.4 50.3 ± 43.6 0.414

Patients with MRFS-R ≥ 50 [n (%)] 89 (64.5) 87 (60.4) 0.483

Length of stay in Geriatric Department 

(days) (Mean ± SD)
20.9 ± 7.5 18.2 ± 7.7 0.0007

Place of Discharge, LTC [n (%)] 5 (3.6) 5 (3.5) 0.999

1 year mortality [n (%)] 19 (13.8) 9 (6.3) 0.037

anFIM, anamnestic Functional Independence Measure; FIMa, Functional Independence Measure on admission; FIMd, Functional Independence Measure on discharge; MRFS-R, the 
Montebello Rehabilitation Factor Score -Revised; LTC, Long Term Care.

TABLE 3 Predictors of MRFS-R  ≥  50 among PF patients.

MRFS-R  <  50 (N =  57) MRFS-R  ≥  50
(N =  87)

p

Age (years) (Mean ± SD) 82.9 ± 6.0 80.6 ± 7.4 0.055

Gender (female) [n (%)] 54 (97.7) 76 (87.4) 0.154

Family status (married) [n (%)] 12 (21.1) 29 (33.3) 0.114

Nursing caregiver (yes) [n (%)] 39 (68.4) 48 (55.2) 0.116

Fracture AO-Type [n (%)]

Type A 35 (61.4) 48 (55.2)
0.467

Type B 22 (38.6) 39 (44.8)

Medical status

CCI TS (Mean ± SD) 5.6 ± 1.9 5.1 ± 1.7 0.081

CCI TCS (Mean ± SD) 1.7 ± 1.7 1.5 ± 1.7 0.319

Medication number (Mean ± SD) 6.7 ± 3.5 6.9 ± 3.8 0.758

MMSE (Mean ± SD) 19.2 ± 5.3 24.2 ± 4.5 <0.0001

Norton (Mean ± SD) 14.0 ± 1.4 14.2 ± 1.3 0.367

BMI (Mean ± SD) 25.2 ± 5.3 24.2 ± 4.0 0.207

Laboratory

Hemoglobin (g/dl) (Mean ± SD) 11.8 ± 1.5 11.6 ± 1.9 0.723

Serum creatinine (mg/dl) (Mean ± SD) 1.0 ± 0.8 1.2 ± 1.0 0.385

Serum urea (mg/dl) (Mean ± SD) 55.4 ± 33.0 54.0 ± 33.6 0.367

Serum albumin (g/dl) (Mean ± SD) 3.6 ± 0.5 3.6 ± 0.5 0.876

Morbidity during rehabilitation process

Depression [n (%)] 11 (19.3) 12 (13.8) 0.389

Delirium [n (%)] 4 (7.0) 8 (9.2) 0.67

Any infection [n (%)] 11 (19.3) 5 (5.7) 0.015

Cardiovascular (IHD, CHF, stroke) [n (%)] 4 (7.0) 4 (4.6) 0.555

Thromboembolism [n (%)] 0 (0) 1 (1.2)

Pressure Ulcers [n (%)] 1 (1.8) 2 (2.3) 0.873

Rehabilitation time (days) (Mean ± SD) 17.3 ± 1.0 18.9 ± 7.9 0.226

MRFS-R, the Montebello Rehabilitation Factor Score-Revised; CCI TS, the Charlson Co-morbidity Index, total score; CCI TCS, the Charlson Co-morbidity Index, total cumulative score; 
MMSE, the Mini Mental State Examination; BMI, body mass index; IHD, ischemic heart disease; CHF, congestive heart failure.
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patient age, and the other variables that reached statistical significance 
in the univariate analyses. The latter included MMSE and the rate of 
infection during hospitalization in the Geriatrics Department. In the 
model (R2 = 0.273), only MMSE remained statistically significant at 
OR = 1.2 (95% CI 1.1–1.3, p < 0.0001).

Discussion

The results of this study show that there are differences between 
patients who underwent intensive rehabilitation in the Geriatrics 
Department for PF and those who underwent it for HF. As expected, 
most of the patients in both groups were women, but the percentage 
of women was significantly higher in the PF group. The high rate of 
women with PF is well documented in the literature with a rate higher 
than 80% in most studies in elderly populations (15, 18–20, 24, 25, 28). 
In a Swedish study (43) of over 400,000 patients following osteoporotic 
fractures, the investigators found that the rate of women among PF 
patients was higher than among HP patients, but that the differences 
were lower than in the present study.

In the present study the HF group had a more complex medical 
history with a higher CCI score, higher rate of medication use, a lower 
Norton score, and lower kidney function and albumin levels, 
compared to the PF group. The complication rate was also higher in 
the HF population. Some differences in the parameters between the 
PF and HF groups may be attributed to the fact that the HF group was 
admitted to the Geriatric Department after undergoing surgery and 
spending several days in the Orthopedic Division, rather than being 
directly admitted from the Emergency Department, as was the case 
with the PF patients. This might partially explain the lower kidney 
function on admission in the HF group, and a higher frequency of 
complications compared to the PF group. Although the anamnestic 
pre-fracture functional capacity was similar in the two groups the 
need for nursing care was higher in the HF patients, a finding that 
could reflect a higher level of frailty among HF patients. The 
combination of a high level of frailty and medical complexity in this 
population could explain the need for a longer rehabilitation period 
in the HF group to attain a similar functional level. The mortality rate 
during the first follow-up year was also higher in the HF group. In the 
study by Lundin et  al. (43), the mortality rate over the first post-
fracture year in patients over the age of 50 was 25% after HF and 21% 
after PF. However, another study (12) found that the higher mortality 
rates among HF patients evened out with PF at 5 years post-fracture. 
The higher mortality rates over the first year in the HF group could 
be related to the higher rate of men in this population. Lundin et al. 
(43) also found that the differences in mortality rates between men 
and women were higher in the HF group than among PF patients. The 
burden of illness in the HF group could also explain the difference in 
mortality. In any event, the mortality rate in the present study over the 
first post-fracture year among PF patients at 6.3% was lower than in 
previous studies. In the Swedish study cited above (43), the mortality 
rate in the PF group was 21% after 1 year. In other studies the mortality 
rate among patients hospitalized after PF ranged from 9.5 to 27% (15, 
18, 23, 28). In a comparison of the PF population in the present study 
to a previous study of PF patients hospitalized in a Geriatrics 
Department (20), in addition to the lower mortality rate (6.3% vs. 
12.5% in the present study), the infection rate during hospitalization 
(11.1% vs. 36.7%), and the duration of hospitalization in the 
department (18.2 vs. 45 days) were also lower in the present 

population. In a review of the literature we did not find any paper that 
related specifically to a population of PF patients that were hospitalized 
for intensive rehabilitation. This may represent a selection bias in the 
sample of PF patients who were admitted to our department 
for rehabilitation.

Another aim of the present study was to identify predictors of 
successful rehabilitation after PF. The present study included 83 
patients with Type A PF and 61 with Type B PF. There were no patients 
with Type C PF. There was no difference between the groups in the 
outcome of rehabilitation, with 57.8% of patients with Type A PF and 
63.9% of patients with Type B PF reaching MRFS≥50. There are 
several possible explanations for this result. While Type A PFs are 
stable, stability from the vertical point of view (9) in Type B PF may 
be sufficient for successful rehabilitation. Of course, the sample size 
and the retrospective nature of the study could mean that other 
confounders may be  responsible for the lack of difference in 
rehabilitation between the two groups.

Cognitive state was an independent predictor of rehabilitation 
success, with every addition of one point in the MMSE score 
increasing the patient’s chance of reaching MRFS-R ≥ 50 by 20.5%. 
The association between cognitive state and the outcome of 
rehabilitation after HF has been reported in many studies in the field 
(44–49). As noted, no studies assessed the association between 
cognitive state the outcome of rehabilitation after PF.

In contrast to previous studies of patients who underwent 
intensive rehabilitation in our department after HF, i.e., with the same 
staff and identical work routine, factors such as serum albumin level 
(35) or comorbidity (42) were not found to predict rehabilitation 
success in PF patients.

The present study has several advantages. It is the first study, to 
our knowledge, to compare the outcome of intensive rehabilitation 
among patients with HF and PF, and it is the first attempt to identify 
independent predictors of rehabilitation outcomes. The study used a 
single, uniform method to measure rehabilitation success, MRFS-R, 
which was also used in our earlier studies (35, 42, 45).

Limitations

The study has limitations. It is a retrospective study that used data 
from the computerized medical record with a sample of 144 
participants. Several variables that might have affected the outcome of 
rehabilitation including the level of patient motivation and the extent 
of family participation in the rehabilitation process, were not collected. 
The follow-up period was only 1 year and there are no data on the 
patients’ functional levels on discharge from the department or in the 
long term.

TABLE 4 Logistic regression analysis predicting MRFS-R  ≥  50 in patients 
with pelvic fracture.

Variables OR (95% CI), P

Gender (male) 0.59 (0.12–3.0), 0.531

CCI TCS 1.02 (0.80–1.30), 0.863

Any infection 0.50 (0.14–1.87), 0.306

MMSE 1.21 (1.10–1.31), 0.000

Constant 0.004, 0.068

MRFS-R, the Montebello Rehabilitation Factor Score-Revised; CCI TCS, the Charlson 
Comorbidity Index, total score; MMSE, the Mini Mental State Examination.
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In the present study the sample of the PF groups was compared to 
the sample of the group of patients with HF that were included in another 
study (35). Since this group of HF patients was limited to 138, we could 
not conduct matching between the groups in terms of age, sex, and 
comorbidity. This circumstance is, without doubt, a study limitation.

Finally, as noted above, due to potential selection bias in admission 
to the department, it may be difficult to generalize the results of this 
study to the general population of elderly patients with PF.

In summary, the present study found gaps between patients 
undergoing rehabilitation after HF and PF, with cognitive state the 
only predictor of a successful rehabilitation. In light of the increase in 
the rate of PF in the elderly population there is an urgent need for 
studies focusing on this condition in that population.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Internal Review 
Board (Helsinki Committee) of the Soroka University Medical Center 
(Approval # SOR-0466-20; date of registration: 18/05/2021). The 
studies were conducted in accordance with the local legislation and 
institutional requirements. Written informed consent for participation 
was not required from the participants or the participants' legal 
guardians/next of kin in accordance with the national legislation and 
institutional requirements.

Author contributions

DK: Conceptualization, Data curation, Investigation, Writing – 
original draft. AG: Conceptualization, Data curation, Investigation, 

Writing – original draft. AA-A: Data curation, Investigation, Writing 
– original draft. EM: Data curation, Investigation, Writing – original 
draft. ES: Data curation, Investigation, Writing – original draft. EZ: 
Conceptualization, Data curation, Investigation, Writing – original 
draft. DS: Conceptualization, Data curation, Investigation, Writing – 
original draft. NV: Data curation, Investigation, Writing – original 
draft. TF: Conceptualization, Data curation, Formal analysis, 
Methodology, Writing – original draft. YP: Conceptualization, Data 
curation, Formal analysis, Investigation, Methodology, Project 
administration, Supervision, Writing – original draft, Writing – review 
& editing.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member 
of Frontiers, at the time of submission. This had no impact on the peer 
review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Kanis JA, Odén A, McCloskey EV, Johansson H, Wahl DA, Cooper C. A systematic 

review of hip fracture incidence and probability of fracture worldwide. Osteoporos Int. 
(2012) 23:2239–56. doi: 10.1007/s00198-012-1964-3

 2. Lloyd BD, Williamson DA, Singh NA, Hansen RD, Diamond TH, Finnegan TP, 
et al. Recurrent and injurious falls in the year following hip fracture: a prospective study 
of incidence and risk factors from the sarcopenia and hip fracture study. J Gerontol A 
Biol Sci Med Sci. (2009) 64:599–609. doi: 10.1093/gerona/glp003

 3. Rosell PA, Parker MJ. Functional outcome after hip fracture. A 1-year prospective 
outcome study of 275 patients. Injury. (2003) 34:529–32. doi: 10.1016/
s0020-1383(02)00414-x

 4. Stenvall M, Elinge E, von Heideken WP, Lundström M, Gustafson Y, Nyberg L. 
Having had a hip fracture--association with dependency among the oldest old. Age 
Ageing. (2005) 34:294–7. doi: 10.1093/ageing/afi042

 5. de Luise C, Brimacombe M, Pedersen L, Sørensen HT. Comorbidity and mortality 
following hip fracture: a population-based cohort study. Aging Clin Exp Res. (2008) 
20:412–8. doi: 10.1007/bf03325146

 6. Dyer SM, Crotty M, Fairhall N, Magaziner J, Beaupre LA, Cameron ID, et al. A 
critical review of the long-term disability outcomes following hip fracture. BMC Geriatr. 
(2016) 16:158. doi: 10.1186/s12877-016-0332-0

 7. Magaziner J, Hawkes W, Hebel JR, Zimmerman SI, Fox KM, Dolan M, et al. 
Recovery from hip fracture in eight areas of function. J Gerontol A Biol Sci Med Sci. 
(2000) 55:M498–507. doi: 10.1093/gerona/55.9.m498

 8. Zidén L, Frändin K, Kreuter M. Home rehabilitation after hip fracture. A 
randomized controlled study on balance confidence, physical function and everyday 
activities. Clin Rehabil. (2008) 22:1019–33. doi: 10.1177/0269215508096183

 9. Basile G, Passeri A, Bove F, Accetta R, Gaudio RM, Calori GM. Pelvic ring and 
acetabular fracture: concepts of traumatological forensic interest. Injury. (2022) 
53:475–80. doi: 10.1016/j.injury.2021.11.063

 10. Buller LT, Best MJ, Quinnan SM. A Nationwide analysis of pelvic ring fractures: 
incidence and trends in treatment, length of stay, and mortality. Geriatr Orthop Surg 
Rehabil. (2016) 7:9–17. doi: 10.1177/2151458515616250

 11. Clement ND, Court-Brown CM. Elderly pelvic fractures: the incidence is 
increasing and patient demographics can be used to predict the outcome. Eur J Orthop 
Surg Traumatol. (2014) 24:1431–7. doi: 10.1007/s00590-014-1439-7

 12. Hill RM, Robinson CM, Keating JF. Fractures of the pubic rami. Epidemiology and 
five-year survival. J Bone Joint Surg Br. (2001) 83-B:1141–4. doi: 
10.1302/0301-620X.83B8.0831141

 13. Kannus P, Palvanen M, Niemi S, Parkkari J, Järvinen M. Epidemiology of 
osteoporotic pelvic fractures in elderly people in Finland: sharp increase in 1970-1997 
and alarming projections for the new millennium. Osteoporos Int. (2000) 11:443–8. doi: 
10.1007/s001980070112

 14. Prieto-Alhambra D, Avilés FF, Judge A, Van Staa T, Nogués X, Arden NK, et al. 
Burden of pelvis fracture: a population-based study of incidence, hospitalisation and 
mortality. Osteoporos Int. (2012) 23:2797–803. doi: 10.1007/s00198-012-1907-z

https://doi.org/10.3389/fmed.2024.1346354
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1007/s00198-012-1964-3
https://doi.org/10.1093/gerona/glp003
https://doi.org/10.1016/s0020-1383(02)00414-x
https://doi.org/10.1016/s0020-1383(02)00414-x
https://doi.org/10.1093/ageing/afi042
https://doi.org/10.1007/bf03325146
https://doi.org/10.1186/s12877-016-0332-0
https://doi.org/10.1093/gerona/55.9.m498
https://doi.org/10.1177/0269215508096183
https://doi.org/10.1016/j.injury.2021.11.063
https://doi.org/10.1177/2151458515616250
https://doi.org/10.1007/s00590-014-1439-7
https://doi.org/10.1302/0301-620X.83B8.0831141
https://doi.org/10.1007/s001980070112
https://doi.org/10.1007/s00198-012-1907-z


Katz et al. 10.3389/fmed.2024.1346354

Frontiers in Medicine 08 frontiersin.org

 15. Leung WY, Ban CM, Lam JJ, Ip FK, Ko PS. Prognosis of acute pelvic fractures in 
elderly patients: retrospective study. Hong Kong Med J. (2001) 7:139–45.

 16. Banierink H, Ten Duis K, de Vries R, Wendt K, Heineman E, Reininga I, et al. 
Pelvic ring injury in the elderly: fragile patients with substantial mortality rates and 
long-term physical impairment. PLoS One. (2019) 14:e0216809. doi: 10.1371/journal.
pone.0216809

 17. Breuil V, Roux CH, Testa J, Albert C, Chassang M, Brocq O, et al. Outcome of 
osteoporotic pelvic fractures: an underestimated severity. Survey of 60 cases. Joint Bone 
Spine. (2008) 75:585–8. doi: 10.1016/j.jbspin.2008.01.024

 18. Loggers SAI, Joosse P, Jan Ponsen K. Outcome of pubic rami fractures with or 
without concomitant involvement of the posterior ring in elderly patients. Eur J Trauma 
Emerg Surg. (2019) 45:1021–9. doi: 10.1007/s00068-018-0971-2

 19. Rommens PM, Hopf JC, Herteleer M, Devlieger B, Hofmann A, Wagner D. 
Isolated pubic ramus fractures are serious adverse events for elderly persons: an 
observational study on 138 patients with fragility fractures of the pelvis type I (FFP type 
I). J Clin Med. (2020) 9:2498. doi: 10.3390/jcm9082498

 20. Taillandier J, Langue F, Alemanni M, Taillandier-Heriche E. Mortality and 
functional outcomes of pelvic insufficiency fractures in older patients. Joint Bone Spine. 
(2003) 70:287–9. doi: 10.1016/s1297-319x(03)00015-0

 21. Ting B, Zurakowski D, Herder L, Wagner K, Appleton P, Rodriguez EK. Preinjury 
ambulatory status is associated with 1-year mortality following lateral compression type 
I fractures in the geriatric population older than 80 years. J Trauma Acute Care Surg. 
(2014) 76:1306–9. doi: 10.1097/ta.0000000000000212

 22. Hamilton CB, Harnett JD, Stone NC, Furey AJ. Morbidity and mortality following 
pelvic ramus fractures in an older Atlantic Canadian cohort. Can J Surg. (2019) 
62:270–4. doi: 10.1503/cjs.011518

 23. Mears SC, Berry DJ. Outcomes of displaced and nondisplaced pelvic and sacral 
fractures in elderly adults. J Am  Geriatr Soc. (2011) 59:1309–12. doi: 
10.1111/j.1532-5415.2011.03455.x

 24. Morris RO, Sonibare A, Green DJ, Masud T. Closed pelvic fractures: characteristics 
and outcomes in older patients admitted to medical and geriatric wards. Postgrad Med 
J. (2000) 76:646–50. doi: 10.1136/pmj.76.900.646

 25. Marrinan S, Pearce MS, Jiang XY, Waters S, Shanshal Y. Admission for osteoporotic 
pelvic fractures and predictors of length of hospital stay, mortality and loss of 
independence. Age Ageing. (2015) 44:258–61. doi: 10.1093/ageing/afu123

 26. Andrich S, Haastert B, Neuhaus E, Neidert K, Arend W, Ohmann C, et al. Excess 
mortality after pelvic fractures among older people. J Bone Miner Res. (2017) 
32:1789–801. doi: 10.1002/jbmr.3116

 27. Ghassibi M, Boyalakuntla DS, Gentile J. Low-energy pelvic ring fractures in the 
elderly population: expected outcomes and associated mortality rates. J Clin Med Res. 
(2019) 11:725–8. doi: 10.14740/jocmr3891

 28. Koval KJ, Aharonoff GB, Schwartz MC, Alpert S, Cohen G, McShinawy A, et al. 
Pubic rami fracture: a benign pelvic injury? J Orthop Trauma. (1997) 11:7–9. doi: 
10.1097/00005131-199701000-00003

 29. Spencer JD, Lalanadham T. The mortality of patients with minor fractures of the 
pelvis. Injury. (1985) 16:321–3. doi: 10.1016/0020-1383(85)90136-6

 30. Benzinger P, Riem S, Bauer J, Jaensch A, Becker C, Büchele G, et al. Risk of 
institutionalization following fragility fractures in older people. Osteoporos Int. (2019) 
30:1363–70. doi: 10.1007/s00198-019-04922-x

 31. Verbeek DO, Ponsen KJ, Fiocco M, Amodio S, Leenen LPH, Goslings JC. Pelvic 
fractures in the Netherlands: epidemiology, characteristics and risk factors for in-
hospital mortality in the older and younger population. Eur J Orthop Surg Traumatol. 
(2018) 28:197–205. doi: 10.1007/s00590-017-2044-3

 32. Keene DJ, Forde C, Sugavanam T, Williams MA, Lamb SE. Exercise for people with 
a fragility fracture of the pelvis or lower limb: a systematic review of interventions 
evaluated in clinical trials and reporting quality. BMC Musculoskelet Disord. (2020) 
21:435. doi: 10.1186/s12891-020-03361-8

 33. Pfeiffer K, Kampe K, Klenk J, Rapp K, Kohler M, Albrecht D, et al. Effects of an 
intervention to reduce fear of falling and increase physical activity during hip and pelvic 
fracture rehabilitation. Age Ageing. (2020) 49:771–8. doi: 10.1093/ageing/afaa050

 34. Sherrington C, Fairhall N, Kirkham C, Clemson L, Tiedemann A, Vogler C, et al. 
Exercise to reduce mobility disability and prevent falls after fall-related leg or pelvic 
fracture: RESTORE randomized controlled trial. J Gen Intern Med. (2020) 35:2907–16. 
doi: 10.1007/s11606-020-05666-9

 35. Levi Y, Punchik B, Zikrin E, Shacham D, Katz D, Makulin E, et al. Intensive 
inpatient vs. home-based rehabilitation after hip fracture in the elderly population. Front 
Med (Lausanne). (2020) 7:592693. doi: 10.3389/fmed.2020.592693

 36. Achor TS, Alonso JE, Arduini M, Asprinio DE, Bartlett CS, Bates P, et al. Fractures 
of the pelvis and acetabulum In: M Tile, DL Helfet, JF Kellam and M Vrahas, editors. 
Principles and methods of management. 4th ed. Stuttgart: Georg Thieme Verlag (2015)

 37. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 
prognostic comorbidity in longitudinal studies: development and validation. J Chronic 
Dis. (1987) 40:373–83. doi: 10.1016/0021-9681(87)90171-8

 38. Norton D, Exton-Smith AN, McLaren R: An investigation of geriatric nursing 
problems in hospital: National Corporation for the Care of Old People. (1962). Available 
at: https://books.google.co.il/books?id=QVOzAAAAIAAJ

 39. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for 
grading the cognitive state of patients for the clinician. J Psychiatr Res. (1975) 12:189–98. 
doi: 10.1016/0022-3956(75)90026-6

 40. American Psychiatric Association. Diagnostic and statistical manual of mental 
disorders. 5th ed. Washington, DC: American Psychiatric Association (2013).

 41. Keith RA, Granger CV, Hamilton BB, Sherwin FS. The functional independence 
measure: a new tool for rehabilitation. Adv Clin Rehabil. (1987) 1:6–18.

 42. Press Y, Grinshpun Y, Berzak A, Friger M, Clarfield AM. The effect of co-morbidity 
on the rehabilitation process in elderly patients after hip fracture. Arch Gerontol Geriatr. 
(2007) 45:281–94. doi: 10.1016/j.archger.2007.01.059

 43. Lundin N, Huttunen TT, Enocson A, Marcano AI, Felländer-Tsai L, Berg HE. 
Epidemiology and mortality of pelvic and femur fractures-a nationwide register study 
of 417,840 fractures in Sweden across 16 years: diverging trends for potentially lethal 
fractures. Acta Orthop. (2021) 92:323–8. doi: 10.1080/17453674.2021.1878329

 44. Mossey JM, Mutran E, Knott K, Craik R. Determinants of recovery 12 months after 
hip fracture: the importance of psychosocial factors. Am J Public Health. (1989) 
79:279–86. doi: 10.2105/ajph.79.3.279

 45. Milman R, Zikrin E, Shacham D, Freud T, Press Y. Handgrip strength as a predictor 
of successful rehabilitation after hip fracture in patients 65 years of age and above. Clin 
Interv Aging. (2022) 17:1307–17. doi: 10.2147/cia.S374366

 46. Magaziner J, Simonsick EM, Kashner TM, Hebel JR, Kenzora JE. Predictors of 
functional recovery one year following hospital discharge for hip fracture: a prospective 
study. J Gerontol. (1990) 45:M101–7. doi: 10.1093/geronj/45.3.m101

 47. Lieberman D, Fried V, Castel H, Weitzmann S, Lowenthal MN, Galinsky D. Factors 
related to successful rehabilitation after hip fracture: a case-control study. Disabil 
Rehabil. (1996) 18:224–30. doi: 10.3109/09638289609166305

 48. Kamimura T, Kobayashi Y, Tamaki S, Koinuma M. Impact of Prefracture cognitive 
impairment and postoperative delirium on recovery after hip fracture surgery. J Am Med 
Dir Assoc. (2024). doi: 10.1016/j.jamda.2024.01.030

 49. Cree M, Soskolne CL, Belseck E, Hornig J, McElhaney JE, Brant R, et al. Mortality 
and institutionalization following hip fracture. J Am Geriatr Soc. (2000) 48:283–8. doi: 
10.1111/j.1532-5415.2000.tb02647.x

https://doi.org/10.3389/fmed.2024.1346354
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1371/journal.pone.0216809
https://doi.org/10.1371/journal.pone.0216809
https://doi.org/10.1016/j.jbspin.2008.01.024
https://doi.org/10.1007/s00068-018-0971-2
https://doi.org/10.3390/jcm9082498
https://doi.org/10.1016/s1297-319x(03)00015-0
https://doi.org/10.1097/ta.0000000000000212
https://doi.org/10.1503/cjs.011518
https://doi.org/10.1111/j.1532-5415.2011.03455.x
https://doi.org/10.1136/pmj.76.900.646
https://doi.org/10.1093/ageing/afu123
https://doi.org/10.1002/jbmr.3116
https://doi.org/10.14740/jocmr3891
https://doi.org/10.1097/00005131-199701000-00003
https://doi.org/10.1016/0020-1383(85)90136-6
https://doi.org/10.1007/s00198-019-04922-x
https://doi.org/10.1007/s00590-017-2044-3
https://doi.org/10.1186/s12891-020-03361-8
https://doi.org/10.1093/ageing/afaa050
https://doi.org/10.1007/s11606-020-05666-9
https://doi.org/10.3389/fmed.2020.592693
https://doi.org/10.1016/0021-9681(87)90171-8
https://books.google.co.il/books?id=QVOzAAAAIAAJ
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/j.archger.2007.01.059
https://doi.org/10.1080/17453674.2021.1878329
https://doi.org/10.2105/ajph.79.3.279
https://doi.org/10.2147/cia.S374366
https://doi.org/10.1093/geronj/45.3.m101
https://doi.org/10.3109/09638289609166305
https://doi.org/10.1016/j.jamda.2024.01.030
https://doi.org/10.1111/j.1532-5415.2000.tb02647.x

	Intensive rehabilitation after pelvic and hip fractures: a comparative retrospective study
	Introduction
	Methods
	Setting and study population
	Data collection methods
	Clinical variables
	Data on hospitalization and mortality
	Statistical analysis

	Results
	Discussion
	Limitations
	Data availability statement
	Ethics statement
	Author contributions

	 References

