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Introduction

Abstract
Introduction: Intramedullary nailing (IMN) is an established
and accepted procedure for the treatment of femoral shaft
fracture in patients younger than 65; however, there are
few studies regarding the efficacy of IMN on those over 65.
Elderly patients have particular challenges, including
osteopenia and other medical problems and comorbidities.
Therefore, the purpose of this study was to compare
reamed versus unreamed IMN, and to determine which of
these method yields better results in the elderly.
Patients and methods: Between March 2000 and February
2016, we treated 822 femoral shaft fractures, 384 of which
underwent IMN. Of these patients, 88 were older than 65,
and 72 of these fulfilled our inclusion criteria. Seven
patients died within the first 3 months after the injury. The
charts of the surviving 65 patients (48 (73.8%) female and
17 (26.2%) male, each with one femoral shaft fracture) were
reviewed retrospectively. The average age of the included
patients was 73.72 years (65-90), and the average follow up
period was 86.3 months (12-183).
Results: Of the 65 fractures, 13 (20%) were proximal shaft,
48 (73.8%) were mid-shaft, and 4 (6.2%) were distal shaft.
Two (3.1%) of the fractures were open (Gustilo grade 1), the
rest were closed. Of the fractures, 29 (44.6%) were treated
with reamed IMN, and 36 (55.4%) were treated with
unreamed IMN. Non-union was seen in five patients (7.7%).
Four patients in the unreamed group and one patient in the
reamed group needed a secondary procedure (p=0.028);
the nails were changed, and all achieved union. The
fractures in the URFN cases took longer to heal (mean 37.76
weeks) than those in the RFN group (27.09 weeks, p=0.022).
There were two (3.27%) distal screw breakages in the
unreamed group.
Conclusion: We recommend using reamed IMN to achieve
quicker union and to have better union rates.
Keywords: Femoral fracture; Intramedullary
Reamed nailing; Unreamed nailing; Non-union

nailing;

Intramedullary nailing (IMN) has become the standard
treatment for femoral shaft fractures. Often, these fractures
result from high energy trauma, and they may be associated
with multiple system injuries in adults [1,2].
Kuntscher first reported use of the V-shaped nail in 1940 and
suggested the nail should act as an internal splint that created
an elastic union with the medullary cavity [3]. Two important
techniques were developed and introduced during the 1950’s. In
1942, Fischer had reported the use of intramedullary reamers to
increase the contact area between the nail and bone, with the
hope of improving stability of the fracture [4].
Another currently used technique introduced in the 1950’s
was the application of interlocking screws to increase stability of
the structure. Modny and Bambara introduced the transfixion
intramedullary nail in 1953 [5]. Although some progress has
been made in nail design in the 1990’s, significant developments
have came along with the expansion of indications for unreamed
and reamed intramedullary nailing. While today’s experience
with intramedullary fixation for tibial and femur fractures has
been quite good, there will most certainly be continue
investigations to improve the technique.
There are several clinical trials even randomized controlled
studies have been performed the use of IMN for femoral shaft
fractures [1,2,6-13], but there are few reports comparing
reamed and unreamed IMN in the elderly population [6].
Although there are several persistent concerns regarding the
consequences of reaming, reamed IMN is considered the
standard method of treatment for femoral fractures. The
advantages of reaming include increased biomechanical stability
[7], rapid fracture healing [8], and less need for secondary
procedures [8,9]. There are also disadvantages of reaming, such
high rates of perioperative and postoperative mortality. These
high mortality rates are caused by conditions such as air and fat
embolism, which are thought to result from both the local and
systemic effects of reaming [10]. Proponents of the unreamed
nailing technique state that unreamed nails are faster to insert,
require less operation time, and have favorable results like bone
healing, less blood loss and early mobilization that are
comparable to those of reamed nails [11-13].
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Elderly patients, especially females, often have cortical
thinning and decreased bone mineral density [14]. To our
knowledge, no study has compared reamed and unreamed IMN
in this age group. This retrospective study aims to compare
postoperative outcomes between reamed femoral nailing (RFN)
and unreamed femoral nailing (URFN) in elderly patients. Based
on the literature, we hypothesized that older patients with RFN
will have better postoperative outcomes than those with URFN.

Nonunion was defined according to the literature [17,18] both
clinically and radiologically as having between 6 and 9 months of
non-union in fracture treatment, and no progression towards
healing over 3 consecutive months. Surgical fixation was
performed using the following three types of nails: unreamed
femoral nail (UFN, Depuy Synthes), reamed femoral nail (RFN,
Depuy Synthes), and Trochanteric Antegrade Nail (TRIGEN METATAN, Smith & Nephew).

Materials and Methods

Table 1: Patient demographics.

Study design
We treated 822 femoral shaft fractures in the Department of
Ege University Orthopaedics and Traumatology Clinic between
March 2000 and February 2016. Of these, 384 underwent IMN;
88 of these patients were older than 65, and 72 fulfilled our
inclusion criteria. Seven of these patients died within the first 3
months after the injury. The remaining 65 patients were
reviewed retrospectively. Patients were included in the study if
they were older than 65 and had a femoral fracture treated with
IMN. The definitions and classifications of shaft fractures were
based on the Arbeitsgemeinschaft für Osteosynthesefragen/
Orthopaedic Trauma Association (AO/OTA) classification [15],
while the Gustilo-Anderson classification was used for open
fractures [16]. Patients were excluded from the study if they had
pathological fractures or if they had primary treatment with a
plate or external fixator. Figure 1 illustrates the inclusion
process.

Patient
demographics
Age

URFN (n=36)

RFN (n=29)

p-value

73.25 (65-82)

74.31 (65-90)

NS

Gender n (%)

NS

Male

12/36 (33.3%)

5/29 (17.2%)

Female

24/36 (66.7%)

24/29 (82.8%)

ASA Score n (%)

NS

ASA 1

5/36 (13.9%)

2/29 (6.9%)

ASA 2

22/36 (61.1%)

21/29 (72.4%)

ASA 3

9/36 (25.0%)

6/29 (20.7%)

ASA 4

0/36 (0.0%)

0/29 (0.0%)

ASA Score=American Society of Anesthesiologists Score

Statistical analysis
Statistical analyses were performed using the IBM SPSS
Statistics 21.0 program (IBM SPSS Statistics for Windows, version
21.0, Armonk, NY: IBM Corp.) and the SAS 9.3 program. Values of
p<0.05 were considered significant. The mean, standard
deviation, median, minimum, maximum, frequency, and ratio
values were used for descriptive statistics. The Mann-Whitney-U
test was used for quantitative variables. Correlations between
categorical variables were examined by the Pearson Chi-square
test and Fisher's exact probability test. The time to union was
assessed by the Kaplan Meier curriculum. Differences within the
groups were determined using the log rank test, while the risk
ratio was estimated by the cox regression model. Union was
estimated by multiple logistic regressions.

Results
Table 2: Fracture characteristics.
Figure 1: Patient inclusion process (EF: External Fixator).
Patient demographics including age, gender, and the
American Society of Anesthesiologists (ASA) score were
recorded, and are presented in Table 1.
Both the RFN and URFN groups underwent similar operating
techniques, rehabilitation programs, and postoperative
evaluation. A closed antegrade intramedullary nail was placed in
all of the patients. Surgeries were performed with a trauma
table and flouroscopy within thirteen days of the injury.

2

Fracture characteristics

URFN (36)

RFN (29)

Type of fracture (n, %)

pvalue
NS

A1

4/36 (11.1%)

7/29 (24.1%)

A2

12/36 (33.3%)

11/29 (37.9%)

A3

7/36 (19.4%)

3/29 (10.3%)

B1

7/36 (19.4%)

6/29 (20.7%)

B2

3/36 (8.3%)

1/29 (3.4%)
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B3

0/36 (0.0%)

0/29 (0.0%)

C1

3/36 (8.3%)

1/29 (3.4%)

C2

0/36 (0.0%)

0/29 (0.0%)

C3

0/36 (0.0%)

0/29 (0.0%)

Gustilo type

suffered femur fracture as part of poly-trauma injury (ISS>16)
(Table 3).

NS

Grade 1

1/36 (2.8%)

1/29 (3.4%)

Grade 2

0/36 (0.0%)

0/29 (0.0%)

Grade 3

0/36 (0.0%)

0/29 (0.0%)

Site of fracture

NS

Proximal

7/36 (19.4%)

6/29 (20.7%)

Midshaft

26/36 (72.2%)

22/29 (75.4%)

3/36 (8.3%)

1/29 (3.4%)

Distal

Fifty (76.9%) of the fractures were caused by simple fall and
15 (23.1%) by were caused by traffic accident. Following the
AO/OTA classification, the fracture types were identified as
follows: 11 (16.9%) A1, 23 (35.4%) A2, 10 (15.4%) A3, 13 (20%)
B1, 4 (6.2%) B2, and 4 (6.2%) C1. The fractures included 13 (20%)
proximal shaft, 48 (73.8%) mid-shaft, and 4 (6.2%) distal shaft.
Two (3.2%) fractures were open (Gustilo grade 1), and the rest
were closed (Table 2). There were 15 (23.1%) patients with
multiple injuries and 50 (76.9%) with isolated femoral shaft
fractures.
The mean hospitalization period was 12 (4-35) days, while the
mean time to surgery was 4 (0-13) days. Eight patients had to
stay in the ICU (5 patients with traffic accident, 3 with simple
fall). Five of these 8 patents had multiple injuries, and their ICU
stay lengths were significantly longer than those with isolated
femur fractures. The mean injury severity score (ISS) was 8.98
(3-27).
Table 3: Injury profile.
Injury profile

URFN (32)

RFN (27)

Mechanism

p value
NS

Fall

26/36 (72.2%)

24/29 (82.8%)

Traffic accident

10/36 (27.8%)

5/29 (17.2%)

Multiple injured

8/36 (22.2%)

7/29 (24.1%)

NS

9.44 (5-27), (4.687)

8.41 (3-22),
(5.110)

NS

5/36 (13.9%)

4/29 (13.8%)

NS

ISS
(SD)

(min-max),

Polytrauma

Figure 2 shows a Kaplan-Meier curve for the time to union
comparing poly-trauma patients and non-polytrauma patients,
there was no significant difference between these patients
(p=464).

ISS=Injury Severity Score, SD=Standard Deviation

Polytrauma is defined as two or more severe injuries in at
least two areas of the body with an ISS ≥ 16 [19]. Nine patients
(13.8%) (4 in the reamed group and 5 in the unreamed group)

© Under License of Creative Commons Attribution 3.0 License

Figure 2: Kaplan-Meier curve for the time to union comparing
polytrauma patients and non-polytrauma patients.
Patients were divided into two groups: 29 (44.6%) were in
Group I (RFN) and 36 (55.4%) were in Group II (URFN).
Intraoperative complication occurred in one patient (1.54%) in
the unreamed group, in which an iatrogenic fracture of the neck
of the ipsilateral femur had to be treated with cannulated
screws.
Nonunion was seen in five patients (7.7%), 4 of which were in
the unreamed group. Case 1 was a 68 year old male with a
closed-type B1 distal fracture. His tobacco use may have
negatively affected his bone healing. Case 2 was an 80 year old
female with a history of renal and cardiac disease. She had a
type B1 midshaft fracture. Case 3 was a 65 year old male with a
type C1 proximal shaft fracture. Case 4 was a 72 year old male.
He had an A2 midshaft fracture. Case 5 was in the reamed group
male. He had a history of diabetes disease. Smoking may have
also been a risk factor for nonunion. He had a type A3 midshaft
fracture. Of the patients with nonunion, four patients in the
unreamed group and one patient in reamed group needed a
secondary procedure. The nail was changed in each fracture,
and union was achieved in all of them (Table 4). The fractures in
the URFN group took longer to heal (mean 37.76 weeks) than
those in the RFN group (27.09 weeks). The Kaplan-Meier curves
in the reamed group for the time to union are presented in
Figure 3. Reamed femoral nails have significant advantages with
regards to union over unreamed femoral nails (p=0.028). We
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observed that the fracture type had no effect on union
(p=0.574).
Table 4: Patients with non-union.
Patient

Age

Gender

Type of fx

Open/Closed

Side of fx

Tobacco use

Comorbid
disease

1

68

M

B1

Closed

Distal

Yes

No

2

80

F

B1

Closed

Midshaft

No

Renal and cardiac

3

65

M

C1

Closed

Proximal

No

No

4

72

M

A2

Closed

Midshaft

No

Cardiac

5

74

M

A3

Closed

Midshaft

Yes

Diabetes

Implant failure was seen in 2 (3.07%) patients; both of these
were screw breakages in the unreamed group. Seven patients
(10.6%) died during the 3-month follow-up. We believe that
these deaths were associated with trauma. Figures 4 and 5 show
the results of the reamed and unreamed femoral nailing cases.

Figure 5: (a) 72 year old male with 32-B2 femur distal shaft
fracture after traffic accident. (b, c) AP-lateral views 4 months
after unreamed femoral nailing. (d) AP view after 12 months
showing union.

Discussion

Figure 3: Kaplan-Meier curve for the time to union comparing
reamed and unreamed nailing.

Femoral shaft fractures are usually the result of high velocity
trauma and are more common in the younger population [20].
The pattern of elderly patient fractures is different from that
encountered in younger patients. Elderly patients often have
low-velocity injuries, usually from a simple fall within the home,
which result in oblique or spiral fractures, sometimes with a
butterfly fragment.
Comparative studies of reamed and unreamed intramedullary
nailing have conflicting results. However, there are few reports
about reamed or notreamed intramedullary nailing femoral
shaft fractures in elderly patients. To our knowledge, the current
study is the first to compare reamed and unreamed
intramedullary nailing in this age group.

Figure 4: (a) 74 year old female sustained 32-A2 femur shaft
fracture after simple fall. (b, c) AP-lateral views 2 weeks after
reamed nailing. (d,e) AP-lateral views after 12 months
showing union.

4

In 1987, DeMaria [21] reported the benefits of aggressive
trauma care in 63 blunt traumatized elderly people. These 63
patients had a moderate level of total injury and a mean ISS of
15.8. Of the patients, 62% had two or more body injuries and
71% had pre-existing cardiovascular disease. In 2009, Maumni et
al. published that 66 patients (62%) had multiple injuries. The
mean injury severity score (ISS) was 15.6. Forty-two patients
(39%) had an ISS ≥ 16. In our current study, the mean ISS was
8.98 (3-27), 15 (23.1%) patients had multiple injuries, and 58
(89.3%) suffered from comorbid disease.
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In 1989, Champion and colleagues [22] analyzed data from
3,833 patients aged 65 or older in the Major Trauma Outcome
Study (MTOS). They showed that 20.7% of older patients were
injured in motor vehicle accidents compared with 40.6% who
were injured in falls; 11.7% of the latter group died as a result of
their fall. The authors concluded that there is a perception that
injury is a disease of the young, which results in a failure to
recognize the importance of trauma in the elderly. In their study,
Zaki et al. published that trauma was due to 19 falls, 3 traffic
accidents and 6 with no injuries [23]. In our current study, 50
(76.9%) patients had a simple fall, while 15 (23.1%) experienced
a traffic accident.
Moran et al. reviewed the results of 24 patients who were
over the age of 60 and treated with IMN [24]. While they found
that IMN was effective in managing femoral shaft fractures,
there was a 54% perioperative complication rate. In another
study, Asghar concluded that IMN is a valid and acceptable
method for the fixation of femoral shaft fractures in the elderly,
and they found no significant difference between the outcomes
of IMN fixation in patients younger than 60 and those over 60
[25]. In an institution where IMN is the preferred treatment
method, Kareeann et al. concluded that older people with
atypical and typical femoral fractures have comparable
postoperative outcomes [26].
Several studies have been published regarding the use of
reaming [11-13,27,28]. In a randomized, prospective study,
Clatworthy et al. suggested that reaming aids fracture healing,
and that the nail should have a minimum diameter of 12 mm in
females and 13 mm in males. In addition, the authors noted that
the fractures in the unreamed group were slower to unite (39.4
weeks) than those in the reamed group (28.5 weeks; p=0.007)
[8]. Likewise, Tornetta et al. [29] reported that fractures treated
with reamed nails healed faster than those treated with
unreamed nails, especially distal fractures. In 1998, Zaki et al.
found that in elderly femoral fractures treated with URFN, the
union rate was 91% (of 28 patients), and there were two delayed
unions and two nonunions [23]. Decoster published that there
was no nonunion with 16 elderly patients treated with IMN in
2003 [6]. Moumni et al. reported that the incidence of nonunion
following unreamed IMN is low (1.9%), and is comparable with
the best results of reamed nailing in the literature [28].
Metsemaker et al. concluded that only AO/OTA fracture type
correlated with the occurrence of nonunion; the type of fracture
reaming did not change the outcome [30]. In our current study,
nonunion was seen in five patients (7.7%), and we found that
reaming increases the union rate and shortens the union time.
In contrast to the study by Metsemaker [30], we found no
significant association between fracture type and union rate.
Some studies have shown that embolization of bone marrow
contents during reaming can have a detrimental effect on
pulmonary function [31,32]. In contrast, other investigators have
reported no adverse effects of reaming, even in patients with
thoracic trauma [33-36]. In our current study, there were 4
patients with chest trauma; one of them was treated with RIMN,
and thus far, this patient did not suffer fat embolism or ARDS.
The reported incidence of infection rate in reamed IMN
ranges from 0% to 3.3% [27,37-39], while the rate in unreamed
© Under License of Creative Commons Attribution 3.0 License

IMN ranges from 0% to 2.9% [40-43]. None of the patients in the
current study suffered from infection.
Technically, implant failures include screw or nail failures.
Screw failures are more common than nail failures [44]. In 1998,
Clatworthy et al. reported 6 implant failures in 48 patients with
50 femoral fractures. Three of these were reamed and three
were unreamed [8]. Tornetta reported that unreamed nailing
has increased chances for technical complications [29], while
Selvakumar reported that 6% of their patients with unreamed
nails had implant failures (all screw breakages) in 2001 [45-49].
In their study, Moumni published that there were three (2.8%)
implant failures in the unreamed group; two broken nails (one of
these broke following a new trauma) and one distal screw
breakage [28]. In our current study, 2 patients (3.07%) suffered
implant failure. Both of these were screw breakages in the
unreamed group.
In their study with 15 elderly patients, DeCoster et al.
reported a 26.6% mortality rate [6], while Asghar et al. reported
a 14.8% mortality rate in their study with 27 elderly patients
[25]. In our current study, there were 7 deaths associated with
trauma, and our mortality rate was 10.7%. The mean time to
surgery was 4 (0-13) days, and this did not correlate with
mortality. Age, gender and ASA score had no effect on union
rates, union time and complications.

Conclusion
Reamed femoral nails have significant advantages with
regards to union over unreamed femoral nails. Reamed
intramedullary nailing did not increase ARDS, implant failure, or
mortality compared to unreamed intramedullary nailing. Based
on the results of this study, we recommend using reamed
intramedullary nailing to achieve quicker union and to have
better union rates.
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