
Bisphosphonates (BPs) are the most common drugs used 
for the treatment of osteoporosis. BPs are effective in 
improving bone mineral density and decreasing the inci-
dence of fracture.1-4) However, since the report of Odvina 
et al.5) about severe suppression of bone turnover, many 
clinicians have started to pay attention to the negative as-
pects of BPs such as atypical femoral fractures (AFF) and 
osteonecrosis of the jaw.6) Although BPs have been associ-
ated with the occurrence of AFF, Yoo et al.7) reported there 

was a relationship between the occurrence of AFF and the 
curvature of the femur regardless of the use of BPs.

In a scoping review, Toro et al found that intramed-
ullary (IM) nailing was the treatment of choice among 
most surgeons for both complete and incomplete AFF.8) 
The preference towards IM nailing is explained by the fact 
that endochondral repair is usually not achievable with a 
plate. Also, several surgical methods have been proposed 
to overcome excessive femoral bowing.9,10) Despite these 
efforts to use IM nails, iatrogenic fracture during the inser-
tion of IM nails and leg length discrepancy due to straight-
ening of the bowed femur are expected complications. 

IM nail insertion is extremely hard in the case of 
severe femoral bowing and narrow medullary canal. The 
purpose of this study was to evaluate the radiological re-
sults of patients treated with a plate and screws for atypical 
fractures of the femoral diaphysis.
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of atypical femoral complete fractures from 2007 to 2015. Nine patients were treated with lag screws and short plates while 7 pa-
tients were treated with position screws and long plates, which covered the whole femur. Radiologic evaluation was performed on 
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Conclusions: Satisfactory results were obtained with use of plates for patients with atypical femoral complete diaphyseal frac-
tures, in whom intramedullary nails could not be applied due to severe bowing. In particular, it seemed advantageous compared 
with intramedullary nail fixation in that it could maintain the leg length through anatomical reduction and prevent iatrogenic frac-
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METHODS
This study was approved by the Institutional Review Board 
of Daegu Fatima Hospital (IRB No. DFE21ORIO109-R1), 
which waived informed consent. 

The study was conducted retrospectively on 16 pa-
tients who had undergone internal fixation using plates 
for treatment of atypical femoral complete diaphyseal frac-
tures from 2007 to 2015. During the same period, IM nails 
were used for 40 patients who had complete diaphyseal 
AFF. According to the femoral bowing grade of Park et 
al.,11) patients with grade II or III were fixed using a plate 
and screws. Patients who had an anterior bowing angle 
greater than 15° according to Yau et al.12) were also fixed 
with a plate and screws because of the risk of anterior cor-
tical perforation. All cases included in the study showed 
major features such as minimal or no comminution with a 
medial spike, transverse or short oblique fracture orienta-
tion, and localized thickening of the lateral cortex accord-
ing to American Society for Bone and Mineral Research 
definition released in 2014.13) Patients with atypical femo-
ral incomplete fractures or atypical femoral subtrochanter-
ic fractures, patients who had not been regularly followed 
up until bone union, patients with typical femoral tro-
chanteric or subtrochanteric fractures, and patients with 
fractures caused by high-energy injury mechanisms were 
excluded from the study. All patients were women and in-
jured by a simple fall. Table 1 presents basic demographics 
and preoperative data of all patients. Nine patients were 

treated with lag screws and short plates while 7 patients 
were treated with position screws and long plates, which 
covered the whole length of the femur. 

Operative Procedure 
Two different fixation methods were applied. In the early 
stages of surgery, interfragmentary lag screws, which could 
provide absolute stability, were fixed after exposure of the 
fracture site and then a short locking compression plate 
(LCP), which did not cover the whole femur, was applied 
(Fig. 1). The role of the plate was neutralization. While 
exposing the fracture site, efforts were made to minimize 
medial and posterior soft-tissue damage. At least 6 cortices 
were fixed at each part of the fracture site. 

The other fixation method was as follow: a small 
incision was made over the fracture site then the fracture 
was fixed with a position screw under direct visualization. 
This screw only maintained the fracture reduction. A long 
large fragment LCP covering the entire femur was inserted 
in the submuscular extra-periosteal layer from the proxi-
mal trochanteric area to the distal part of the femur, using 
a small incision, so called the minimally invasive plate 
osteosynthesis technique (Fig. 2). An 18-hole LCP was ap-
plied in 6 patients and 1 patient was fixed with a 16-hole 
plate. The working length of plate construction was from 
4 holes to 6 holes. Plate screw density varied from 0.43 
to 0.5. We intended to achieve relative stability with this 
fixation method. An image intensifier was used to check 
the proper length and location of plates. Also, 3 or more 

Table 1. Basic Demographic and Preoperative Data

Variable Result

Sex (female : male) 16 : 0

Age (yr) 75.9 ± 6.9 (63–89)

BMD (T-score) –3.2 ± 0.9

BMI (kg/m2) 21.9 ± 3.9

Follow-up (mo) 33.9 ± 26.5 (15–118)

Prodromal symptom (yes : no) 9 : 7

Period of prodromal symptom (mo) 4.1 ± 3.6

Taking bisphosphonate before surgery (yes : no) 8 : 8

Duration of bisphosphonate (mo) 47.1 ± 30.1

Plate length (short : long) 9 : 7

Teriparatide injection after surgery (yes : no) 6 : 10

Values are presented as mean ± standard deviation (range) or mean ± 
standard deviation.
BMD: bone mineral density, BMI: body mass index.

A B C

Fig. 1. Preoperative (A), immediate postoperative (B), and 4-month 
follow-up (C) anteroposterior radiographs of an 89-year-old female 
patient showing an atypical femoral fracture fixed with interfragmentary 
screws and a short protection plate.
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screws were fixed on each fragment of fracture. 

Postoperative Management
BP administration was stopped in all patients who had 
taken it preoperatively and a calcium and vitamin D com-
plex was given to the patients. In some patients, teripara-
tide was injected for 3 months after surgery. Sitting and 
wheelchair ambulation were encouraged immediately after 
surgery. Patients were followed up every month after sur-

gery until obtaining bone union. Weight-bearing was not 
allowed until bone union was confirmed on radiographs. 

Corrales et al.14) described bone union as follows: 
clinical absence of pain at the fracture site on both pal-
pation and weight-bearing and radiological evidence of 
bridging of 3 or more cortices on 2 different views. We 
used this definition for our study. Radiologic evaluation 
was performed on all patients. Complications were also 
evaluated. Mann-Whitney U-test was used for continu-
ous variables. Statistical significance was accepted if the p-
value was < 0.05. Data analysis was performed using IBM 
SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA).

RESULTS
Bone union was achieved in all patients and the average 
bone union time was 17.7 weeks (range, 14–28 weeks). Of 
all the patients, only 1 patient had bone union at 28 weeks 
and was judged as delayed union. There was no statisti-
cally significant difference in bone union time according 
to the plate length, use of BPs, and teriparatide use (Table 
2). Two patients who were fixed with short plates experi-
enced complete fractures at the end of plate at 7 months 
and 42 months after index surgery, respectively. These two 
patients were treated with position screw and longer plate 
fixation after removal of all previous implants. Another 
patient suffered from thigh pain 27 months after the initial 
surgery. Plain radiographs showed no specific finding but 
hot uptake at the proximal end of the plate was observed 
in bone scintigraphy. We thought this was an impending 
fracture and re-fixed it using a long plate covering the full 
length of the femur (Fig. 3). There were no other major 

Table 2. Bone Union Time According to Plate Length, Use of Bis-
phosphonate, and Teriparatide Use

Variable Bone union time p-value

Plate length 0.606

   Short (n = 9) 17.33 ± 4.47

   Long (n = 7) 17.71 ± 3.15

Taking bisphosphonate 0.878

   Yes (n = 8) 17.75 ± 4.71

   No (n = 8) 17.25 ± 3.01

Teriparatide use 0.918

   Yes (n = 7) 18.00 ± 4.90

   No (n = 9) 17.11 ± 3.02

Values are presented as mean ± standard deviation.

A B C

Fig. 2. Preoperative (A), immediate postoperative (B), and 6-month 
follow-up (C) anteroposterior radiographs of a 75-year-old female patient 
showing an atypical femoral fracture fixed with a position screw and a 
long plate, which covered the entire femur.

A B C D

Fig. 3. Preoperative (A) and 27-month postoperative (B) anteroposterior 
radiographs of a 71-year-old female patient. (C) Hot uptake around the 
proximal end of the plate on the bone scan (black arrow). (D) Anteropos-
terior radiograph after revision surgery with long plate fixation.
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complications such as postoperative infection, iatrogenic 
fracture, malalignment of the lower limb, and leg length 
increment. 

DISCUSSION
BPs have been the most commonly prescribed medication 
for osteoporosis in the last two decades. The U.S. Food and 
Drug Administration first approved alendronate in 1995, 
and three other BPs (risedronate, ibandronate, and zole-
dronate) were later approved for osteoporosis treatment. 
However, in 2005, Odvina et al.5) reported 9 cases of atrau-
matic non-spinal fractures (sacrum, rib, ischium, pubic 
rami, and femoral shaft) during alendronate therapy. Since 
then, many clinicians have paid attention to the diagnosis 
and treatment of AFF. 

Das De et al.15) reported that 3 of 14 patients (21.4%) 
who were fixed with a plate and screws for subtrochan-
teric AFF experienced fixation failure. Teo et al.16) stated 
that 8 of 23 patients (34.7%) needed revision surgery due 
to fixation failure and nonunion after plate fixation for 
subtrochanteric AFF. Prasarn et al.17) reported that plate 
fixation resulted in higher fixation failure than IM nail 
fixation after operative treatment for BP-associated femur 
fractures (30% vs. 0%). As revealed in these papers, IM 
nailing became the preferred fixation method as plate fixa-
tion resulted in more cases of nonunion and metal failure. 

Among various treatments for AFF, IM nailing fixa-
tion is mostly recommended regardless of the fracture 
location.18-20) IM nailing is considered the first-line treat-
ment for complete fractures, although the risk of delayed 
healing and revision surgery seems to be higher than that 
in typical femoral fractures. Using cephalomedullary nails 
rather than standard IM nails in the fixation of AFF might 
prevent future fragility fractures in the proximal femur.21) 
However, IM nail insertion is challenging in severely 
bowed or narrow femurs due to increased risk of iatro-
genic fracture.17) Several modified operation techniques 
including far lateral entry point, use of the opposite site nail, 
overreaming more than 2.5 mm have been introduced to 
overcome excessive anterolateral bowing of the femur.9,10,22) 
Even if an IM nail is inserted after addressing these diffi-
culties, leg-length discrepancy caused by femoral straight-
ening and lengthening is inevitable. 

In the current study, the authors used plates and 
screws on patients with severe anterolateral bowing of the 
femoral shaft, in whom inserting IM nails was judged dif-
ficult because of the risk of iatrogenic fracture or cortical 
perforation. The rationale for plate fixation on the femur is 
the tension band principle: applying a plate on the lateral 

cortex of the femur without comminution to the medial 
side can promote fracture healing by converting tensile 
force to compressive force. Plate screws are a load-bearing 
device, so difficulty in early weight-bearing is considered a 
disadvantage compared to IM nail fixation. 

In the earlier stages of the study, all fractures were 
fixed with the short protection plate after interfragmentary 
lag screw fixation. We could obtain bone union in 8 cases 
within 6 months, but in 1 case, bone union was achieved at 
28 weeks. Although the fracture was fixed with a lag screw 
to obtain absolute stability, slight instability occurred dur-
ing follow-up after surgery in some cases. However, these 
cases were healed with small amount of external callus 
formation. We thought that this instability was caused by 
using a 3.5-mm screw, which was usually used for small 
bone fixation. Two patients experienced complete fracture 
at the end of plate in 7 and 42 months after index surgery, 
respectively. Another patient experienced thigh pain 27 
months after initial surgery, which was determined to be 
an incomplete fracture at the proximal end of the screw 
hole. Overall complication rate was 33% (3/9) in the short 
plate fixation group. After experiencing such peri-plate 
fractures, short plate fixation was replaced with a long 
plate, which covered the entire femur. A long plate fixation 
with position screw fixation was also successful although it 
was more challenging because it required precise plate con-
touring. We recommend fixation with a long bridging plate 
that has shown more favorable results and less complications. 

We could achieve bone union in all 16 patients and 
the average bone union time was 17.7 weeks. A systematic 
review showed that the mean time to healing postopera-
tively was 7.3 months (range, 2–31 months) for complete 
fractures.20) It is thought that the relatively short healing 
time of our cases compared to other studies was due to 
anatomical reduction performed while preserving blood 
supply as much as possible and minimizing fracture gaps. 

BPs used to treat osteoporosis acts on osteoclasts. 
Therefore, BPs are expected to affect fracture healing by 
inhibiting osteoclasts that play an important role in the 
fracture healing process. However, in patients with non-
atypical fractures, administration of BPs did not delay 
callus formation or healing.23) This is true in indirect bone 
healing, which promotes external callus formation. Sava-
ridas et al.24) performed an animal study and reported BP 
administration before an acute fracture had an inhibitory 
effect on direct bone healing, which does not make ex-
ternal callus. They proposed that BP therapy not be com-
menced until after the fracture has united if the fracture 
has been rigidly fixed and is undergoing direct osteonal 
healing. 
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However, our study showed that preoperative use 
of BP had no negative effect on direct bone healing. We 
could not explain the reason why our patients obtained 
bone union uneventfully unlike the animal study. Howev-
er, it should be taken into account that results from animal 
studies are not always applicable to humans. We believe 
that there are two different fracture patterns of AFF: insuf-
ficiency fracture around the anterolateral aspect and fresh 
fracture at the posteromedial cortex of the femur. Accurate 
reduction with a minimal fracture gap in the anterolateral 
insufficiency fracture area will give a better chance to unite 
bone. We tried to preserve fracture biology by minimiz-
ing periosteal dissection during surgery. We thought that 
these two efforts–accurate fracture reduction and minimal 
fracture gap, and preservation of blood supply around the 
fracture site–resulted in satisfactory union of all fractures 
in an acceptable period. 

Our study has several limitations. This is a retro-
spective study, so there is a possibility of selection bias. 
The number of patients is small, but it should be consid-
ered that the absolute incidence of AFF is low. Also, our 
study was based on one surgeon’s experience. It cannot be 
assumed that plate fixation would provide superior results 
compared to IM nail fixation because we did not compare 
with the results of IM nail fixation. This is also an impor-

tant limitation of our study and it needs to be clarified 
through further studies in the future. However, to the best 
of our knowledge, our study is the first report about plate 
fixation for atypical complete fractures of the femoral di-
aphysis. 

In conclusion, satisfactory results were obtained 
with use of plates for patients with atypical femoral com-
plete diaphyseal fractures, in whom IM nails could not 
be applied due to severe bowing. In particular, it can be 
advantageous over IM nail fixation in maintaining the leg 
length through anatomical reduction and preventing iat-
rogenic fracture. 
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