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Oz

Amacg

Yasl osteoporotik hastalarda kalgca bolgesi kiriklari
kadar sik gorilmesede femur cisim kiriklariyla da kar-
silasiimakta ve tedavi konusunda sorunlar yasana-
bilmektedir. Calismanin amaci yaslilarda dusik ener-
jili travma ile meydana gelen femur cisim kiriklarinda
kaynama problemlerini incelemek fiksasyon yontemi-
nin yetersizliklerini degerlendirmektir.

Gerecg ve Yontem

2012- 2016 yillar arasi femur cisim kirigi nedeniyle
opere edilen 65 yas ustl osteopenik ve osteoporotik
(BMD<-2) 34 hasta ¢alismaya dahil edildi. 26 hasta-
ya kapali yontemle Kilitli intramediiller ¢ivi(iMN), 8
hastaya acik cerrahi yontemle kilitli IMN uygulandt,
bunlardan 2'si plak yetmezligi sonrasi sekonder civi
uygulamasi yapilan hastalar idi. 28 kadin 6 erkek
calismaya dabhil edildi. Kirik siniflamasinda AO/OTA
siniflamasi kullanildi. 6 hasta 1/3 proksimal-orta birle-
sim, 20 hasta orta bélge, 8 hasta 1/3 distal-orta birle-
sim kesimde idi. Klinik, fonksiyonel skorlar, kaynama
zamanli, desteksiz mobilizasyon sireleri ve kompli-
kasyonlar degerlendirildi.

Bulgular

Calismaya katillan 34 hastanin yas ortalamasi 73.8,
ortalama takip siresi 26 ay(12-36) idi. Erken donem
klinik sonuglar,kan kaybi1(187+/- 35 ml) ve kirik bol-
gesinde kallus gorulmesi agisindan kapall uygu-

lanan intrameduller civilerle daha iyi sonuglar elde
edildi(p<0.001). 6. ayin sonunda agik cerrahi ile IMN
uygulanan 1 hastada kaynamama, 1 hastada kayna-
ma gecikmesi goriliirken, Primer kapali IMN yapilan
hastalarin 4'inde kaynamama ve revizyon gereklili-
gi olustu. 2 hastada civinin distalde anterior kortekse
dayanmasi sonucu diz bdlgesi agrisi ve 1 hastada o
bolgede fissur kirngi olustu.

Sonug¢

Yasli hastalarda osteoporoza bagh kortekste incelme,
medullada genisleme, kirik tespitinde zorluga sebep
olmaktadir. Artmis sagittal ve koronal plan egrilikle-
ri dolayisiyla intramediler ¢ivi uygulamasi sirasinda
kirik riski artmakta, artmis sagital egimde distalde an-
terior kortekse dayanma, kirik olusturabilme ve kay-
namama problemleri icerebilmektedir. Biyomekanik
Ustlinluklerine ragmen gunimizde mevcut olan yik
paylasici materyallerin (intrameddller ¢ivi)higbirinin
geriatrik femur diafiz kiriklari i¢in optimum seviyede
uygun olmadigi dusinulmektedir.

Anahtar Kelimeler: Femur intrameduller civi, yasli
hasta, tuzaklar

Abstract

Objective

Femoral shaft fractures are not seen in older patients
with osteoporosis as often as fractures in the hip re-
gion, and problems may be experienced in treatment.
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The aim of this study was to examine union problems
in femoral shaft fractures which occurred with low-en-
ergy trauma in the elderly and to evaluate deficiencies
in the fixation method.

Material and Methods

The study included 34 patients with osteopenia and
osteoporosis (bone mineral density < -2), aged >65
years who underwent surgery for a femoral shaft
fracture between 2012 and 2016. Locking intramed-
ullary nailing (IMN) was applied to 26 patients with the
closed method and to 8 patients with open surgery,
and secondary nailing was applied in 2 of these pa-
tients, after plate failure. The patients comprised 28
females and 6 males. The fractures were classified
according to the AO/OTA classification. In 6 patients,
the fracture was in the proximal third -mid region, in
20 patients in the mid region, and in 8 patients in the
distal third-mid region. The clinical and functional
scores, time to union, time to unassisted mobilization,
and complications were evaluated.

Results

The mean age of the 34 patients was 73.8 years, and
the mean follow-up time was 26 months (range, 12-
36) months. Better results were obtained from the pa-
tients who underwent closed IMN in respect of early

Introduction

In elderly patients, proximal trochanteric region and
distal femoral region fractures are seen more fre-
quently and shaft fractures are relatively uncommon.
However, in recent years, because of the increasing
elderly population, the use of bisphosphonates, and
various other reasons, the number of geriatric femur
diaphysis fractures has increased (1-3). Stable inter-
nal fixation and a rapid start to rehabilitation are very
important to avoid complications associated with im-
mobilization in the elderly (4). There are some chang-
es in the femur anatomy that occur together with
ageing. In particular, widening is seen in the femo-
ral medullary canal, thinning of the cortex, increased
anterolateral bowing and changes in the medial fem-
oral incline and the anatomic axis. The treatment of
femur diaphysis fractures is made more difficult by
these factors and they can create serious technical
problems in intramedullary nailing (IMN). It should be
noted that there may be insufficient fixation due to an
enlarged medullary canal and femur may be broken
due to increased inclination. Inspite of the technical
difficulties, IMN is the most stable fixation method
biomechanically, and it is applied with indirect reduc-
tion (5, 6).
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stage clinical results, blood loss (187+35 ml) and vis-
ualization of callus in the fracture site (p<0.001). At
the end of 6 months, non-union was seen in 1 patient
and delayed union in 1 patient in the open surgery
group. Non-union and revision was necessary in 4 pa-
tients of the primary closed surgery IMN group. Knee
region pain developed in 2 patients as a result of the
nail leaning on the anterior cortex and a fissure frac-
ture formed in that area in 1 patient.

Conclusion

In elderly patients, difficulties in fracture fixation may
be caused by thinning of the cortex and widening of
the medulla, associated with osteoporosis. The risk
of fracture during the application of IMN is increased
because of increased sagittal and coronal plane in-
clines. In the increased sagittal slope, problems can
include leaning on the anterior cortex, the develop-
ment of fracture, and non-union. Despite the biome-
chanical superiority, none of the currently available
load-distributing materials (IMN) can be considered
appropriate at an optimum level for geriatric femoral
diaphyseal fractures.

Keywords: Femoral intramedullary nail, elderly, pit-
fall,

The aim of this study was to investigate the complica-
tions that can be seen in elderly patients undergoing
femoral IMN and to determine the ideal fixation meth-
od for this population.

Material and Methods

A retrospective evaluation was made of 34 patients
(age >65 years) who underwent IMN nailing for a
femoral shaft fracture between 2012 and 2016. The
patients comprised 28 females (mean age: 74 years)
and 6 males (mean age: 73.2years) with a mean age
73.8 (range, 65-84) years. The patients were evaluat-
ed for osteoporosis because of fractures due to low
energy trauma. The degree of osteopenia and osteo-
porosis was determined according to the bone mineral
density (BMD) value calculated from the dual-energy
X-ray absorptiometry (DXA) measurements. Accord-
ing to the AO classification, fracture type, localization,
and injury mechanism is shown in Table 1. Anteropos-
terior (AP) and lateral radiographs were taken of all
patients and the knee and hip joints were evaluat-
ed. Patients who had to wait more than 2 days for
surgery were treated with skeletal traction from the
proximal tibia. The surgeries were performed by 2
different surgeons. Preoperative 1 gr cefamezin(ce-



fazolin sodium) prophylaxis was administered to all
patients and completed at 24 hours in 4x1gr IV posol-
ogy. Preoperative enoxaparin sodium 40 mg (clexane
0.4 mL subcutaneous, 1x1) was given and completed
at 2 postoperative weeks. The clinical evaluation was
made according to the Thoresen criteria (7) (Table 2).
The BMD data, blood loss values, and pre-operative
comorbidities of patients were recorded (Table 2, 3)
and the Injury Severity Score (ISS) values were eval-
uated. The reasons for nonunion were investigated,
and medullar expansion and increased inclination
problems were evaluated.

Surgical Technique

All the patients underwent surgery in the lateral de-
cubitus position and received a reamed antegrade in-
tramedullary nail with trochanteric type access (San-
at Metal, Hungary). In 26 patients, IMN nailing was
applied with closed fracture reduction, whereas in 8
patients IM nailing was applied with open reduction
by opening the fracture line; closed reduction could
not be achieved in 6 patients because of obesity, and
fracture type, and in 2 patients in whom secondary
nailing was applied because of plate failure. Distal
and proksimal locking was provided by 2 screws.

Statistical Analysis

Data obtained in the study were analyzed statistical-
ly using the SPSS Ver. 21.0 software. Conformity of
continuous variables to normal distribution was as-
sessed using the Shapiro Wilk test. Mean differences
between the groups were evaluated using Student'’s
t-test. In the analysis of categorical data, the Chi-
square test was applied, and the Fisher’s exact test
was used when <5 observations formed >20%. In all
analyses, a value of p<0.05 was accepted as statisti-
cally significant.
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Results

The mean follow-up time of the 34 patients was 26
months (range, 12-36). All the patients had osteope-
nia or osteoporosis (BMD <-2). There was a history of
bisphosphonate use of only 1 year in 4 patients. No
lateral cortex thickening and relative narrowing of the
femur diaphysis diameter associated with long-term
alendronate use was seen in any patients. All patients
were mobilized with a walker on postoperative day
one. When patients were mobilized independently with
walkers, they were discharged with recommendations
for home exercises. The Injury Severity Score (ISS)
values were minor (1-8) in 30 patients and moderate
(9-15) in 4. The mean length of hospital stay was 3
(range, 2-6) days. Better results were obtained in pa-
tients who underwent closed IMN in respect of early
stage clinical results, blood loss and visualization of
callus in the fracture site (p<0.001) (Table3). Accord-
ing to the Thoresen criteria, the results obtained at the
final follow-up examination were evaluated as excel-
lent in 12 of 26 patients (46%), good in 7 (27%), fair in
4 (15%), and poor in 3 (11%).

In the patients who underwent revision and open sur-
gery (n=8), the mean blood loss value was high and
callus was observed to take longer to form (Table 3).
According to the Thoresen criteria, the results were
evaluated as excellent in 4 of 8 patients, good in 1, fair
in 2, and poor in 1. callus in the 3 cortex

Fracture union was evaluated according to the ap-
pearance of the callus at least in the 3 cortices. At the
end of 6 months, non-union and, the need for revision
was determined in 4 patients of the closed surgery
IMN group (loosening and reversing in the distal lock-
ing screw in one patient: successful results were ob-

Figure 1A:
65 years old F, nonuion of fracture site

Figure 1B,C :
AP and lateral graphy after 3 month of plate augmentation
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Figure 2A:

78 yr old M,femur mid-regi-
on fracture early postope-
rative AP radiograph after
IMN

Figure 2B :

Lateral radiograph showing
IMN leaning on the anterior
cortex

tained by applying the plate without removing the nail)
(Figure 1A, 1B, 1C). In 2 patients, the distal tip of the
nail was leaning on the anterior cortex (Figure 2A,2B)
and in 1 of these patients, a fissure fracture formed in
that area. In the open surgery IMN group, delayed un-
ion was seen at the end of the 4th month in 1 patient
(loosening in the distal locking screw) and non-union
requiring revision was seen in 1 patient following plate
failure (Figures 3A, 3B).

No statistically significant difference was determined
between the patients who developed failure in respect
of preoperative comorbidities (e.g. diabetes mellitus),
degree of osteoporosis, history of steroid use, and
smoking status (p>0.05) (Table 4).

Discussion

Osteoporosis is a systemic disease characterized by
low bone quality and impaired bone micro-architec-
ture. Although femoral shaft fractures are formed as a
result of low-energy trauma in the elderly population,
care must be taken in respect of neurovascular inju-
ry and hemodynamic instability (7-9). Moreover, the
possibility of an overlooked femoral neck fracture has
been reported at 5%-10% (10). The tubular structure
of the femur makes intramedullary nailing the ideal
method and biomechanical studies have shown the
practical application and superiority of IMN in resist-
ance to axial and torsional forces (8-12).

Before deciding on how an intramedullary implant can
be used in elderly patients, the increased width of the
femur, anterolateral bowing, medial femoral slope, and
reasons for decreased bone density must be carefully
examined on femur AP and lateral radiographs. In our
patients, we observed increased femoral inclination,
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Figure 3A:

82 yr old F, Early postope-
rative radiograph showing
failure of plate application
in femur mid-region fracture

Figure 3B :
N on-union at 6 months
postoperatively of IMN

widened femur medullary canals, and high BMD val-
ues. Bisphosphonate and glucocorticoid- group drugs
diminish the bone cycle, leading to reduced bone
strength, causing the bone to be fragile and without
resistance (13-16). Fractures occurring after alen-
dronate use are known as alendronate fractures and
a period of longer than 4 years’ use is required for
these (17). In these patients, transverse AO type 32
A3 fractures are seen more often (17-20). In the cur-
rent study, as there were no patients with long-term (>
1 year) bisphosphonate use, the changes in the bone
associated with these drugs (unicortical beak in the
bone, thickening in the lateral cortex, narrowing of the
femur diameter) were not seen and no fracture was
identified as a bisphosphonate fracture.

Short oblique and transverse fractures have been
seen to occur as a consequence of low-energy trau-
ma associated with osteopenia and osteoporosis.
In the current study, there was determined to be no
sufficient callus in the fracture site in 4 patients who
underwent locking IMN with the closed method, at
the 16th week. It was seen that the bone which had
not provided sufficient stability, had low union poten-
tial. Re-operation can be considered appropriate with
a wider diameter intramedullary nail, taking into con-
sideration the risk of fracture of the widened medullar
canal, and with shortening and impaction if there is a
medial defect.

In our study, although the alignment of the fracture
was ensured, it was considered that there was a dis-
crepancy between the nail and the sagittal slope of
the femur because the intramedullary nail in the 2 pa-
tients leaned against the distal anterior cortex. Before
making a decision about a medullar implant in elderly
patients, evidence can be obtained from a careful pre-



operative evaluation of the femur anatomy taking AP
and lateral images of the healthy contralateral side as
reference.

Without taking age differentiations into account, pre-

vious studies have reported non-union rates of 0%-
18% following locked IMN, and this rate is increased

Table 1 Fracture type, clasification and ethiology
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in unreamed nails (21, 22). In our study, we obtained
a 15% (5/34) rate of non-union, similar to the litera-
ture. It can be predicted that more union problems will
be encountered associated with changes in the bone
metabolism in atypical femur fractures and osteoporo-
tic bone fractures. As has been shown in experimen-
tal studies, even if the fracture healing and union of

AOFracture type Localization of Femur Fracture Etiology
32A1 Proximall/3- mid region Simple fall
32A3 Proximall/3- mid region Simple fall
32A3 Proximall/3- mid region Simple fall
32A2 Proximall/3- mid region Simple fall
32A3 Proximall/3- mid region Simple fall
32A2 Proximall/3- mid region Simple fall
32A3 Femur mid region Simple fall
32A3 femur mid region Simple fall
32A2 femur mid region Simple fall
32A3 femur mid region Simple fall
32A3 femur mid region Simple fall
32A1 femur mid region Simple fall
32A2 femur mid region Simple fall
32A3 femur mid region Simple fall
32B1 femur mid region Mild severity trauma
32A2 femur mid region Simple fall
32A1 femur mid region Simple fall
32A3 femur mid region Simple fall
32A1 femur mid region Simple fall
32A3 femur mid region Simple fall
32A2 femur mid region Simple fall
32A3 femur mid region Simple fall
32B1 femur mid region Simple fall
32B2 femur mid region Simple fall
32B1 femur mid region Simple fall
32B1 femur mid region Simple fall
32B1 Distal1/3-mid region Simple fall
32B2 Distal1/3-mid region Traffic accident
32B2 Distal1/3-mid region Mild severity trauma
32A3 Distal1/3-mid region
32B1 Distal1/3-mid region Simple fall
32B2 Distal1/3-mid region Trafic accident
32B1 Distal1/3-mid region Simple fall
32B1 Distal1/3-mid region Simple fall
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Table 2 Classification system fort he result of treatment by Thoresen B.O. et al.,*

Particulars Excellent Good Fair Poor
Malalignment of femur
Valgus or varus 5| B 10 >10
Antecurvatum or Recurvatum 5 10 15 >15
Internal rotation 5 10 15 >15
External rotation 10 15 20 >20
Shorteing of femur (em) 1 2 3 >3
Range of motion
Flexion >120 120 90 <90
Extension deficit 5) 10 15 >15
Pain or swelling None minor significant severe
Demographic and operating data for the different surgical methods
Closed IMN Open IMN Total
MeanzSD Min-Max Mean+SD Min-Max Mean+SD Min-Max p
Age (years) 73.4245.91 65.00-84.00 | 75.00+4.50 69.00-81.00 73.79%5.59 65.00-84.00 0.494
Blood loss (ml) | 187.69+35.81 | 100.00-250.00 | 373.75+59.99 | 300.00-450.00 | 231.47+90.29 | 100.00-450.00 | <0.001
Fracture callus | 11.62+3.92 8.00-24.00 15.00+4.28 12.00-24.00 12.41+4.20 8.00-24.00 0.044
observed
Osteoporosis -2.63+0.43 -3.60-(-2.00) | -2.7620.28 -3.20-(-2.40) | -2.51+0.97 -3.60-(-2.00) | 0.411
p: Student’s t Test
Preoperative disease and risk factors for non-union of both groups
Closed IMN Open IMN Total

n % n % n % p
Steroid
Present 1 3.8 125 2 5.9 0.421
absent 25 96.2 87.5 32 94.1
DM
Present 12 46.2 375 15 44.1 1.00
Absent 14 53.8 5 62.5 19 55.9
Smoking
Present 7 26.9 25.0 9 26.5 1.00
Absent 19 73.1 75.0 25 73.5
GIS disease
Present 2 7.7 12.5 3 8.8 1.00
Absent 24 92.3 7 87.5 31 91.2

p: Fisher Exact Test
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osteoporotic bone are normal, the healing period is
long (23).

While there are some studies that have reported
non-unions treated with a thicker intramedullary nail
(24), others have shown higher complication rates
and low union rates in IMN compared with plating (25,
26). Other studies have reported high union rates with
plate augmentation without removing the nail follow-
ing the development of non-union after an IMN oper-
ation (27). Successful results were obtained with this
method in 2 patients in this study. This method can be
used in patients where a wide medullar canal is not
sufficiently filled with IMN or in patients thought not to
have sufficient stability after locking.

In a study of 46 patients who developed femoral
non-union and a control group (nN=92) with union,
Taitsman et al. showed the reasons for non-union to
be cigarette smoking, late weight-bearing, and open
fractures (28). In the current study, even though
non-union was seen more frequently in smokers, no
statistically significant relationship was determined
between smoking or use of medications and the de-
velopment of non-union.

Conclusion

As a general principle in geriatric fractures, the
weight-bearing material selected should be one with
high load distribution properties. Coronal and sagit-
tal plane deformities must be taken into consideration
preoperatively and radiographs of the contralateral
femur must be taken. Unfortunately, none of the cur-
rently available load-distributing materials are suitable
for geriatric femur diaphysis fractures at an optimum
level. In this respect, the development of specifically
designed intramedullary nails could be a significant
advance in the success of these types of fractures.
Study limitations: The limitations of this study were
the retrospective design, the low number of patients,
and the follow-up period of the patients was not suffi-
ciently long. In addition, the grading of osteoporosis of
the patients with non-union was made using BMD and
other reasons were not investigated.
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