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Abstract

Background In patients with rheumatoid arthritis (RA), some problems might occur in fracture healing; however, clinical
evidence is limited. Therefore, we compared the time to union and complication rate of femoral fractures between RA and
non-RA patients.

Materials and Methods This study included 42 RA patients who underwent osteosynthesis for femoral trochanter or shaft
fracture. For comparison with the RA group, 126 non-RA patients were selected as a control group. The RA group was
divided into the trochanteric (RA group I) and shaft fracture group (RA group II) for comparison with each control group
(control groups I and IT). We analyzed risk factors for nonunion or delayed union and divided patients according to whether
atypical or ordinary fracture in shaft fracture.

Results Time to union (p =0.823) and complication rate (p =0.440) did not differ significantly between RA group I and
control group I. A significantly longer time to union (p =0.001) and higher nonunion rate (p =0.013) were observed in RA
group II compared with control group II. The presence of RA (p=0.040) and atypical femoral fracture (p =0.006) were
significant risk factors for nonunion or delayed union.

Conclusions The high prevalence of atypical femoral fracture among the femur shaft fractures in the RA patients was con-
sidered a significant risk factor for nonunion and delayed union.
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Introduction treatment. Femoral fractures may be more common in RA

patients than in the general population, previous studies

Fractures in patients with rheumatoid arthritis (RA) are a
challenge for orthopaedic surgeons. Bony abnormalities
in RA patients are a focal and generalized disorder affect-
ing cortical and cancellous bone, characterized by loss of
bone volume and strength [1]. Compromised bony fixation
resulting from osteoporotic bone may complicate fracture
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reported that femoral fracture in RA patients showed a high
complication rate such as nonunion [2, 3]. The intertrochan-
teric femoral fracture in patients with RA also showed a high
rate of nonunion compared to non-rheumatoid patients [2,
3]. These outcomes are supposed to be the result of imbal-
ance between bone resorption and formation by various
proinflammatory cytokines in rheumatoid patients, and RA
can result in inhibition of the bone remodeling process and
increased fracture healing time and the rate of complica-
tions, including nonunion [4]. However, other authors have
reported that RA did not affect the fracture healing process
in RA patients [5]. To date, clinical evidence of fracture
healing potential in RA patients is inadequate.

Therefore, the aim of this study was to perform a com-
parative analysis of femoral fracture healing time and com-
plication rate including delayed union and nonunion between
rheumatoid and non-rheumatoid patients, as well as to
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determine the risk factors for delayed union and nonunion
in the cohort of rheumatoid patients.

Materials and Methods

This study was conducted as a retrospective case-controlled
study after receiving institutional review board approval at
our University Hospital and all patients provided informed
consent. A total of 33,687 patients were identified by search-
ing for RA codes based on the codes of the International
Classification of Diseases, 10th Revision, in the rheumatoid
disease database of our institutional specialized rheumatoid
center. Among these codes, the long bone fracture code of
255 patients was input at the same time. Of these patients,
120 cases underwent osteosynthesis for long bone fractures,
in our institution between January 2004 and January 2013,
and patients who underwent osteosynthesis for femur frac-
ture (72 cases) were selected. The exclusion criteria included
cases of second operation (6 cases) after first operation at
another hospital, periprosthetic fracture (11 cases), and
incomplete atypical femoral fracture that had prophylactic
nailing (5 cases). In addition, osteosynthesis for femur neck
fracture (5 cases) and distal metaphyseal fracture (3 cases)
were excluded, because the comparison of these fracture
types was considered less meaningful due to a small number
of cases (Fig. 1).

Finally, 42 cases, including 20 cases of trochanteric
fracture and 22 cases of shaft fracture (from just distal to
the lesser trochanter to just proximal to the supracondylar

Fig. 1 Patient selection process

flare), were included. Age, sex, injury mechanism, smok-
ing/nonsmoking, preoperative ambulation status, medical
comorbidities, and prescription history were assessed by
reviewing the patients’ medical records. Non-RA patients
who were matched for age, sex, fracture site and type, injury
mechanism, and medical comorbidity were matched as a
control group for comparison with the RA group. None of
the patients had open fractures.

Preoperative ambulation status could be categorized into
independent ambulation, ambulation with aids and bed-
ridden state. Independent ambulation was defined as patient
not requiring any assistive devices. Ambulator with aids
was defined as patient requiring assistive devices (ie, cane,
walker). Bed-ridden state defined as patient couldn’t mobi-
lize, lying in bed all day [6]. The weight bearing protocol
was equally applied to all patients. Non-weight bearing was
done for 2 weeks postoperatively. Protective partial weight
bearing was allowed from the 3rd week, and full-weight
bearing was allowed at 4 weeks postoperatively.

Primary outcome measurement was performed for time
to union, for which the sample number required for statisti-
cal analysis was calculated based on the preliminary study
results performed for this study. The number of samples for
the control group required to satisfy the 0.05 significance
level and 80% statistical power based on the sample num-
ber of the limited experimental group was 3 times greater
than that of the experimental group, so that the experimental
and control groups required 40 and 120 cases, respectively.
Accordingly, 126 non-RA patients were matched as a con-
trol group. Among these patients, 60 cases had trochanteric
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fractures and 66 cases had shaft fractures, respectively. The
patients’ demographic data is summarized in Table 1.

All operations were performed by three surgeons. The
operations for trochanteric fracture were performed with
closed reduction on a fracture table, with use of a compres-
sion hip screw (CHS) or proximal femoral nail. The opera-
tions for femoral shaft fracture mainly used an intramedul-
lary nail (IM nail); however, a locking compression plate
(LCP) with minimally invasive technique was used in some
cases due to a narrow medullary canal. The types of implants
used were CHS for 12 and 29 cases, IM nail for 21 and 75
cases, and LCP for 9 and 22 cases in the RA and control
groups, respectively).

All patients underwent radiographic and physical exami-
nations until bony union was achieved after the operation
and every 6 months thereafter. Full weight bearing ambula-
tion was allowed after visible callus formation was observed
in anterolateral or lateral radiographs. The mean follow-up
period was 18 months (range 12—46 months). None of the
patients received an anti-resorptive agent for osteoporo-
sis until fracture union. All rheumatoid arthritis patients
took medication for rheumatoid arthritis 2 weeks after the
operation.

On radiographic examination, the time to union after
operation and presence of delayed or nonunion were eval-
uated. The radiographic evaluation was performed two
times by two orthopedic surgeons who had not partici-
pated in the operation. The intraclass coefficient (ICC) and
Kappa coefficient were used to verify the interobserver
and intraobserver reliability of the radiographic evalua-
tion. Bone union was defined by achievement of continu-
ity of 3 cortexes in two vertical planes (anteroposterior
and lateral view). The current study assumed that femur
fracture patients with RA would have a relatively longer
time to union. Among the generally accepted definitions
of delayed union and nonunion, those that indicated the
longest periods were selected [7]. Thus, delayed union was
defined as a case in which union is not completed even
after 8 postoperative months, and nonunion was defined
as a case in which union is not completed even after 12
postoperative months [7]. In femoral shaft fracture, we
determined whether atypical or ordinary femoral fracture.
A shaft fracture was classified as an atypical femoral frac-
ture (AFF) by the criteria established by the American
Society for Bone and Mineral Research task force [8].

Table 1 Comparison of baseline

. . RA group (n=42) Control group (n=126) p value
data and radiographic outcomes
between RA and control groups  Age years 65.7 (1.3) 66.8 (8.9) 0.490
Sex (M/F) 3/38 8/118 1.000
Body mass index, kg/m> 21.7 (3.5 22.6 (3.0) 0.114
Bone mineral density, g/cm2 0.508 (0.135) 0.548 (0.149) 0.173
Diabetes mellitus 5(11.9%) 21 (16.7%) 0.460
Smoking 3(7.1%) 14 (11.1%) 0.567
AO/OTA classification
31A1 7 (16.7%) 22 (17.3%) 0.971
31A2 11 (26.2%) 33 (26.2%)
31A3 2 (4.8%) 5(4.2%)
32A1 4(9.5%) 18 (14.3%)
32A2 7 (16.7%) 22 (17.5%)
32A3 10 (23.8%) 22 (17.5%)
32B1 1 (2.4%) 4(3.2%)
Operative techniques
Implant
CHS 12 (28.6%) 29 (23%) 0.558
IM nail 21 (50%) 75 (59.5%)
Plate 9 (21.4%) 22 (17.5%)
Bone union time, months 5.3(2.6) 4.4 (1.7) 0.047*
Complication
Nonunion 4(9.5%) 1 (0.8%) 0.014*
Delayed union 5(11.9%) 4(3.2%) 0.044*

Data are presented as mean (SD) or as numbers (percentages)

RA Rheumatoid arthritis, CHS Compression hip screw, /M Intramedullary

*Significant difference
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We compared radiographic outcome between the RA and
control groups. Then, owing to the differences in time to
union between metaphyseal and diaphyseal fractures, the
RA group was divided into a trochanteric fracture group
(RA group I) and a shaft fracture group (RA group II). A
comparative analysis was then performed with each control
group (control groups I and II). In addition, we analyzed
risk factors for nonunion or delayed union including age,
sex, diabetes mellitus (DM), smoking history, body mass
index (BMI), bone mineral density (BMD), fracture type
(AO/OTA classification), and type of implant.

Comparative analyses of variables with continuous data
between the two groups were performed with either the Stu-
dent ¢ test or Mann—Whitney U test, depending on whether
or not there was data distribution. Normality of data was
evaluated using the Kolmogorov—Smirov test and Shap-
iro—Wilk test. Either the chi-square test or Fisher’s exact
test was used for the comparative analysis of variables with
dichotomous data between the two groups. Multiple logis-
tic regression analysis was performed to evaluate risk of
nonunion or delayed union using variables that showed a
significance level of p < 0.2 in the univariate analysis, con-
sidering confounding effects between the variables. A p <
0.05 was considered statistically significant. SPSS version
25.0 (Chicago, Illinois) was used for statistical analyses.

Results

Intraobserver and interobserver reliabilities for radiographic
union were excellent, with ICCs of 0.86 [95% confidence
interval (CI) 0.82-0.90] and 0.76 (0.69-0.81), respectively.
For AFF, the intraobserver and interobserver reliabilities of
the radiological evaluation were also excellent, with Kappa
coefficients 0.92 (95% CI 0.86—0.98) and 0.88 (0.82-0.94),
respectively.

In overall comparison of RA and control group, no sta-
tistically significant differences according to age, sex, DM,
smoking history, body mass index (BMI), bone mineral
density (BMD), fracture type (AO/OTA classification), and
type of implant were observed between the RA and control
groups (Table 1). In the RA group, the usage of glucocorti-
coid, nonsteroidal anti-inflammatory drugs (NSAIDs), and
disease-modifying anti-rheumatic drugs (DMARDs) were
80.9% (34/42), 45.2% (19/42), and 69.0% (29/42), respec-
tively. For preoperative ambulation status in RA group,
36 patients were able to perform independent ambulation,
while 5 patents required aids and 1 patient was bed ridden.
In non-RA group, 114 patients were able to perform inde-
pendent ambulation, while 11 patents required aids and 1
patient was bed ridden. Preoperative ambulation status was
no statistically difference between two groups (p = 1.000).
The mean time to union was 5.3 months in the RA group and
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4.4 months in the control group, indicating that the time was
significantly longer in the RA group (p = 0.047) than in the
control group. Nonunion and delayed union were observed
in 4 and 5 cases in the RA group, and 1 and 4 cases in the
control group, respectively, indicating that the prevalence
of nonunion and delayed union were significantly higher in
the RA group than in the control group (p = 0.014, p =
0.044). Infection was detected in 1 case in the RA group and
4 cases in the control group, all of which were superficial
wound infections, which improved after administration of
intravenous antibiotics.

For analysis of differences in outcomes according to frac-
ture site in the RA patients, the RA group was divided into
the trochanteric and shaft fracture groups and comparative
analysis was performed with each control group. To control
for factors other than the fracture site that affected the analy-
sis results, the baseline characteristics of RA groups I and II
were compared. No significant differences according to age,
sex, BMI, BMD, DM, and smoking were observed between
the two groups (Table 2), and there were no significant dif-
ferences in medication and duration of RA.

Subgroup I Analysis: Trochanteric Fracture

There were no significant differences according to age,
sex, BMI, BMD, DM, smoking, fracture type, and type
of implant between RA group I and the control group I
(Table 3). The mean time to union was 3.8 months (range
2-10 months) in RA group I and 3.7 months (range 2—-10
months) in control group I, showing no significant difference
between the two groups (p = 0.823). Regarding complica-
tions, one case (5.0%) showed delayed union (time to union:
10 months) in RA group I, and one case (1.7%) showed
delayed union (10 months) in control group I. There was no
statistically significant difference between the two groups (p
= 0.440). Fortunately, both groups had no nonunion.

Subgroup Analysis Il: Femoral Shaft Fracture

No significant differences according to age, sex, BMI,
BMD, DM, smoking, fracture type, and type of implant
were observed between RA group II and control group II
(Table 4). The mean time to union was 6.9 months (range
3-12 months) in RA group II and 5.0 months (range 3—-12
months) in control group II, indicating a significantly
longer period in RA group II than in the control group (p
= 0.001). Regarding complications, there were four cases
of nonunion (18.1%) and four delayed union (18.1%) in
RA group II, and one case of nonunion (1.5%) and three
delayed union (4.5%) in the control group II. Based on
these outcomes, the incidence of nonunion was signifi-
cantly higher in RA group II than in control group II (p =
0.013). In RA group 11, all cases of nonunion underwent
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Table 2 Comparison of baseline RA group I (n=20) RA group I (n=22) p value
data between RA groups I and
! Age, years 67.2 (7.5) 64.4 (7.0) 0.227
Sex (M/F) 2/18 1/21 0.598
Body mass index, kg/m2 21.8 (4.2) 21.7 (2.8) 0.932
Bone mineral density, g/cm2 0.468 (0.103) 0.542 (0.151) 0.107
Diabetes mellitus 3(15%) 2(9.1%) 0.656
Smoking 1(5%) 2(9.1%) 1.000
Medication
Steroid 8 (40%) 9 (40.9%) 0.952
DMARDs 16 (80%) 17 (77.3%) 1.000
Biologic agent 3(15%) 4 (18.2%) 1.000
Prior bisphosphonate therapy 14 (70%) 17 (77.3%) 0.592
Duration of Rheumatoid Arthritis, years 14.8 (8.6) 16.1 (6.0) 0.570
Data are presented as mean (SD) or as numbers (percentages)
DMARD:s disease-modifying anti-rheumatic drugs
Table 3 Comparison of baseline RA group I (n=20) Control group I (2= 60) p value
data and radiographic outcomes
between RA and control Group Age, years 672 (1.5) 67.5 (4.6) 0.830
I Sex, M/F 2/18 2/58 0.259
Body mass index, kg/m? 21.8 (4.2) 23.3(3.3) 0.107
Bone mineral density, g/cm2 0.468 (0.103) 0.530 (0.142) 0.113
Diabetes mellitus 3 (15%) 11 (18.3%) 1.000
Smoking 1 (5%) 3(5%) 1.000
AO/OTA classification
31A1 7 (35%) 22 (36.7%) 0.972
31A2 11 (55%) 33 (55%)
31A3 2 (10%) 5(8.3%)
Operative techniques
Implant
CHS 12 (60%) 29 (48.3%) 0.366
IM nail 8 (40%) 31 (51.7%)
Bone union time, months 3.8 (2.0) 3.7(1.5) 0.823
Complication
Nonunion 0 0
Delayed union 1(5%) 1(1.7%) 0.440

Data are presented as mean (SD) or as numbers (percentages)

reoperation and union was achieved after reoperation with
autogenous iliac bone graft. The case of nonunion in con-
trol group II was confirmed to have achieved union at 10
months after reoperation.

AFF was detected in 16 (72.7%) of 22 cases in RA group
II and in 10 (15.2%) of 66 cases in control group II, so that
the prevalence of AFF was higher in RA group II than in
control group II (p = 0.001). Of the 16 AFF cases in RA
group II, there were three nonunion and three delayed union
(Fig. 2), and of the 10 AFF cases in control group II, there
were 1 nonunion and 1 delayed union during the follow up
period.

There were 17 cases of taking bisphosphonate before the

occurrence of fracture in RA group 11 (77.3%) and 16 cases
in control group II (24.2%), showing a significantly high fre-
quency of taking bisphosphonate in RA group II (p = 0.001).
All cases of AFF were taking alendronate 70 mg/week, for a
mean medication period of 7.2 (2—15) years.

Analysis of Risk Factors for Nonunion and Delayed
Union

Risk factors were analyzed for 14 cases (5 non-unions, 9
delayed unions). Variables that showed a significance level
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Table 4 Comparison of baseline

. . RA group II (n=22) Control group II (n=66) p value
data and radiographic outcomes
between RA group Il and Age, years 64.4 (7.0) 67.7 (11.1) 0.385
control group IT Sex (M/F) 121 6/60 0.675
Body mass index, kg/m2 21.7 (2.8) 22.0(2.7) 0.355
Bone mineral density, g/cm2 0.542 (0.151) 0.571 (0.156) 0.511
Diabetes mellitus 2(9.1%) 10 (15.2%) 0.722
Smoking 2(9.1%) 11 (16.7%) 0.504
AO/OTA classification
32A1 4 (18.2%) 18 (27.3%) 0.771
32A2 7 (31.8%) 22 (33.3%)
32A3 10 (45.5%) 22 (33.3%)
32B1 1 (4.5%) 4 (6.1%)
Operative techniques
Implant
Plate 9 (40.9%) 22 (33.3%) 0.519
IM nail 13 (59.1%) 44 (66.7%)
Bone union time, months 6.9 (2.4) 5.0 (1.7) 0.001*
Complication
Nonunion 4 (18.2%) 1(1.5%) 0.013*
Delayed union 4 (18.2%) 3 (4.5%) 0.062
Atypical femoral fracture 16 (72.7%) 10 (15.2%) 0.001*
Prior bisphosphonate therapy 17 (77.3%) 16 (24.2%) 0.001*

Data are presented as mean (SD) or as numbers (percentages)

*Significant difference

of p < 0.2 in the univariate analysis were age, BMD, steroid
use, taking bisphosphonate, RA, fracture site, and AFF. DM
and smoking did not show a significance level of p < 0.2,
but were included in the variables for risk factor analysis,
as important factors affecting fracture union. In the risk fac-
tor analysis, RA (p = 0.040), and AFF (p = 0.006) showed
statistically significant difference (Table 5), whereas other
factors, including age (p = 0.082), BMD (p = 0.237), steroid
use (p = 0.680), taking bisphosphonate (p = 0.694), fracture
site (0.113), DM (p = 0.220), and smoking (p = 0.680) did
not show significant differences.

Discussion

In patients with rheumatoid arthritis, excessive activation
of osteoclastogenesis by the overexpression of various pro-
inflammatory cytokines can inhibit bone remodeling, and
changes in callus composition by systemic inflammation can
interfere with fracture healing [4, 9, 10]. However, there are
limited clinical data on fracture healing in RA patients. In
our study, the overall outcomes in RA patients with femur
fracture showed significant differences in terms of time to
union and occurrence of nonunion or delayed union. How-
ever, the comparison of the trochanteric fracture group
showed no significant differences in time to union and
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nonunion or delayed union. On the other hand, the com-
parison of shaft fracture in RA patients showed significantly
long time to union and high rate of nonunion or delayed
union compared to non-RA patients.

In intertrochanteric fracture analysis, unlike results of
the previous studies which showed high rate of nonunion
in intertrochanteric femoral fracture in RA patients [2, 3],
no significant differences in complication rate of trochan-
teric fractures were observed between the RA and non-RA
groups in the current study. In the previous studies, cases of
nonunion resulted from mechanical instability unrelated to
fracture healing potential of the RA patients in the studies.
No mechanical failure was detected in this study. This may
be due to improved osteosynthesis techniques and implant
designs in recent years [11-13]. In addition, cancellous bone
of metaphysis has a high regenerating capacity, including
a large surface area, high bone formation and mineraliza-
tion rates, better blood supply, and thicker periosteum with
greater cellularity [4]. Van Wunnik et al. [14] reported that
for fracture repair, bone regenerating capacity was more
important than bone matrix quality. Thus, RA did not affect
the repair of trochanteric fracture if there is no mechanical
instability.

In femoral shaft fracture analysis, AFF was the important
factor resulting in a higher complication rate. Of 22 cases
of femur shaft fracture in RA patients, 16 cases had AFFs,
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Fig.2 Sixty-seven-year-old female with RA who had been tak-
ing alendronate for 5 years fell from a standing height. a Her radio-
graphs showed complete fractures extend through both cortices with a
medial spike at the midshaft area. b A radiograph obtained 9 months
postoperatively shows nonunion of the fracture. ¢ After 12 month
postoperation, bridging callus was visible, but fracture did not heal
completely. d A final radiograph shows bony union at 21 months
postoperatively

Table 5 Odds ratio for occurrence of nonunion or delayed union

Variable Odds ratio  95% CI p value
Lower  Upper

Rheumatoid arthritis 3.76 1.06 13.33  0.040%

Atypical femoral fracture ~ 5.83 1.66 2043 0.006*

*Significant difference

showing a higher prevalence of AFF in the RA patients
compared with the non-RA patients, which in turn resulted
in higher incidences of nonunion or delayed union. Bone

turnover over suppression is thought to be the pathophysi-
ological mechanism of AFF, with accumulation of micro-
cracks due to the adynamic bone that has lost the ability to
repair. These microcracks propagate and weaken the bony
area, leading to eventual complete fracture [15]. Some stud-
ies reported prevalence rates of AFF among subtrochanteric
and diaphyseal fractures, excluding fractures caused by high-
energy trauma and periprosthetic fracture, from 17 to 29%
[16, 17]. Compared to previous reports, our study reports a
significantly higher prevalence of AFF among shaft fractures
in RA patients. Most RA patients have osteoporosis due to
systemic inflammation, long-term use of corticosteroid, and
immobility by joint destruction, and are commonly pre-
scribed bisphosphonate (BP) [18-20]. Many studies reported
close relation of long-term use of BP with the occurrence
of atypical femoral fracture [17, 21]. In the current study,
more patients took BP in the RA group than in the non-RA
group. RA patients usually visited the clinics for rheumatoid
medication [22, 23], and rheumatoid medications, as well
as BP for osteoporosis were prescribed [1]. Kamatari el al
[24] reported that BP compliance of rheumatoid patients
was significantly higher compared with non-RA patients.
We thought that higher prescription and compliance of BP
resulted in the increase in the rate of AFF in RA patients.

Many authors reported a higher prevalence of delayed
healing and nonunion in AFFs than in ordinary subtrochan-
teric or diaphyseal osteoporotic fractures [15]. Edwards et al
[25] reported delayed union or nonunion in 26% of cases
of AFFs, and Weil et al reported that 46% of AFF patients
required a second operation [26]. Odvina et al. who per-
formed a histomorphometric analysis in patients with spon-
taneous fracture after undergoing alendronate treatment,
identified marked bone turnover suppression, which was
explained as a result of suppressed bone turnover caused
by long-term use of BP [15]. The suppressed bone turnover
reportedly lasted from several months to several years, even
after discontinuation of BP medication. In our study, we
thought that high nonunion or delayed union rate in the RA
femoral shaft fracture group was induced by the effects of
complex factors, including long-term BP use, corticosteroid,
and RA disease activity [34, 35].

The current study had the following limitations. First, the
study was conducted in a retrospective nature, and therefore,
other factors including disease activity and exact medication
status of RA patients which might have affected the outcome
could not be evaluated. Second, the number of patients was
small. Third, different implants were used according to the
preference of the surgeon and this might have affected the
outcomes. Fourth, there is the possibility of selection bias in
which patients with non-AFF might be selected during the
selection of the control group; however, in this study, the
prevalence of AFF in the control group was similar to those
in previous reports [16, 17].
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In conclusion, femoral trochanteric fracture in RA
patients showed favorable outcome compared to non-RA
patients; however, the femoral shaft fracture showed high
incidence of delayed union or nonunion in RA patients
compared to non-RA patients. The high incidence of AFF
in RA patients is an important reason for these outcomes.
Therefore, we suggest that careful operation, regular follow
up, and finally a proper plan, such as second operation, are
necessary in RA patients with femoral shaft fracture.

Conclusions

The high prevalence of atypical femoral fracture among the
femur shaft fractures in the RA patients was considered a
significant risk factor for nonunion and delayed union.

Funding None.

Compliance with Ethical Standards

Conflict of interest There are no conflicts of interest.

Ethical standard statement Ethical approval was obtained from Insti-
tutional Review Board of the university hospital prior to conducting
this study.

Informed consent We certify that we have obtained all appropriate
patient consent forms. In the form, the patients have given their consent
for their images and other clinical information to be reported in the
journal. The patients understand that their names and initials will not
be published and due efforts will be made to conceal their identity, but
anonymity cannot be guaranteed.

References

1. Breuil, V., & Euller-Ziegler, L. (2006). Bisphosphonate therapy
in theumatoid arthritis. Joint Bone Spine., 73, 349-354.

2. Bogoch, E. R., Ouellette, G., & Hastings, D. E. (1993). Intertro-
chanteric fractures of the femur in rheumatoid arthritis patients.
Clinical Orthopaedics and Related Research, 1, 181-186.

3. Stromgqvist, B. (1984). Hip fracture in rheumatoid arthritis. Acta
orthopaedica Scandinavica., 55, 624—628.

4. Claes, L., Recknagel, S., & Ignatius, A. (2012). Fracture heal-
ing under healthy and inflammatory conditions. Nature Reviews
Rheumatology, 8, 133—143.

5. Bogoch, E. R., & Moran, E. L. (1999). Bone abnormalities in the
surgical treatment of patients with rheumatoid arthritis. Clinical
Orthopaedics and Related Research, 1, 8-21.

6. Villa,J. C., Koressel, J., van der List, J. P., et al. (2019). Predictors
of in-hospital ambulatory status following low-energy hip fracture
surgery. Geriatric Orthopaedic Surgery and Rehabilitation, 10,
2151459318814825.

7. Bhandari, M., Fong, K., Sprague, S., Williams, D., & Petrisor,
B. (2012). Variability in the definition and perceived causes of
delayed unions and nonunions: A cross-sectional, multinational

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

survey of orthopaedic surgeons. The Journal of Bone and Joint
Surgery American, 94, 1091-1096.

Shane, E., Burr, D., Abrahamsen, B., et al. (2014). Atypical
subtrochanteric and diaphyseal femoral fractures: second report
of a task force of the American Society for Bone and Mineral
Research. Journal of Bone and Mineral Research, 29, 1-23.
Timmen, M., Hidding, H., Wieskotter, B., et al. (2014). Influ-
ence of antiTNF-alpha antibody treatment on fracture healing
under chronic inflammation. BMC Musculoskeletal Disorders,
15, 184.

Bastian, O., Pillay, J., Alblas, J., Leenen, L., Koenderman, L., &
Blokhuis, T. (2011). Systemic inflammation and fracture healing.
Journal of Leukocyte Biology., 89, 669-673.

Mereddy, P., Kamath, S., Ramakrishnan, M., Malik, H., & Don-
nachie, N. (2009). The AO/ASIF proximal femoral nail antirota-
tion (PFNA): A new design for the treatment of unstable proximal
femoral fractures. Injury, 40, 428—432.

Strauss, E., Frank, J., Lee, J., Kummer, F. J., & Tejwani, N.
(2006). Helical blade versus sliding hip screw for treatment of
unstable intertrochanteric hip fractures: A biomechanical evalua-
tion. Injury, 37, 984-989.

Cho, M. R, Lee, J. H,, Kwon, J. B., Do, J. S., Chae, S. B., &
Choi, W.-K. (2018). The effect of positive medial cortical support
in reduction of pertrochanteric fractures with posteromedial wall
defect using a dynamic hip screw. Clinical Orthopaedic Surgery,
10, 292-298.

van Wunnik, B. P., Weijers, P. H., van Helden, S. H., Brink, P.
R., & Poeze, M. (2011). Osteoporosis is not a risk factor for the
development of nonunion: A cohort nested case-control study.
Injury, 42, 1491-1494.

Odvina, C. V., Zerwekh, J. E., Rao, D. S., Maalouf, N., Gottschalk,
F. A., & Pak, C. Y. (2005). Severely suppressed bone turnover:
A potential complication of alendronate therapy. The Journal of
Clinical Endocrinology and Metabolism, 90, 1294—1301.

Shane, E., Burr, D., Ebeling, P. R., et al. (2010). Atypical subtro-
chanteric and diaphyseal femoral fractures: Report of a task force
of the American Society for Bone and Mineral Research. Journal
of Bone and Mineral Research, 25, 2267-2294.

Neviaser, A. S., Lane, J. M., Lenart, B. A., Edobor-Osula, F., &
Lorich, D. G. (2008). Low-energy femoral shaft fractures associ-
ated with alendronate use. Journal of Orthopaedic Trauma, 22,
346-350.

Braun, T., & Zwerina, J. (2011). Positive regulators of osteoclas-
togenesis and bone resorption in rheumatoid arthritis. Arthritis
Research Therapy, 13,235.

Haugeberg, G., Orstavik, R. E., & Kvien, T. K. (2003). Effects of
rheumatoid arthritis on bone. Current Opinion in Rheumatology,
15, 469-475.

Yoo, J., Chang, J., Park, C., & Hwang, J. (2020). Risk factors
associated with failure of cephalomedullary nail fixation in the
treatment of trochanteric hip fractures. Clin Orthop Surg, 12,
29-36.

Goh, S. K., Yang, K. Y., Koh, J. S., et al. (2007). Subtrochanteric
insufficiency fractures in patients on alendronate therapy: a cau-
tion. The Journal of Bone and Joint Surgery British Volume, 89,
349-353.

Kosinski, M., Kujawski, S. C., Martin, R., et al. (2002). Health-
related quality of life in early rheumatoid arthritis: Impact of dis-
ease and treatment response. The American Journal of Managed
Care, 8, 231-240.

Pollard, L., Choy, E. H., & Scott, D. L. (2005). The consequences
of rheumatoid arthritis: Quality of life measures in the individual
patient. Clinical and Experimental Rheumatology, 23, S43-52.
Kamatari, M., Koto, S., Ozawa, N., et al. (2007). Factors affecting
long-term compliance of osteoporotic patients with bisphospho-
nate treatment and QOL assessment in actual practice: alendronate



Indian Journal of Orthopaedics (2020) 54:599-607

607

25.

26.

and risedronate. Journal of Bone and Mineral Metabolism, 25,
302-309.

Edwards, B. J., Bunta, A. D., Lane, J., et al. (2013). Bisphos-
phonates and nonhealing femoral fractures: Analysis of the FDA
adverse event reporting system (FAERS) and international safety
efforts: A systematic review from the research on adverse drug
events and reports (RADAR) project. The Journal of Bone and
Joint Surgery American Volume, 95, 297-307.

Weil, Y. A., Rivkin, G., Safran, O., Liebergall, M., & Foldes,
A.J. (2011). The outcome of surgically treated femur fractures

associated with long-term bisphosphonate use. The Journal of
Trauma, 71, 186-190.

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

@ Springer



	Is Femoral Fracture Healing Really Compromised in Patients with Rheumatoid Arthritis? Comparison Study Between Rheumatoid and Non-rheumatoid Arthritis Patients
	Abstract
	Background 
	Materials and Methods 
	Results 
	Conclusions 

	Introduction
	Materials and Methods
	Results
	Subgroup I Analysis: Trochanteric Fracture
	Subgroup Analysis II: Femoral Shaft Fracture
	Analysis of Risk Factors for Nonunion and Delayed Union

	Discussion
	Conclusions
	References




