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Abstract: Purpose: The purpose of this study was to evaluate a series of select subtrochanteric fractures who were 
treated with PFNA with reduction assisted with pointed clamp and cable cerclage and to determine the effect of this 
technique on reduction quality, and to provide our recommendations. Methods: Between August 2011 and February 
2013, 13 patients with a subtrochanteric femoral fracture (six oblique fractures and seven spiral fractures) were 
treated with PFNA with reduction assisted with pointed clamp. If loss of reduction occurred after release the forceps, 
a supplementary cable cerclage was used to restore displacement. Radiographs were evaluated for the quality of 
the reduction and fracture union progress. The functional outcome was assessed by Harris hip score. All patients 
were followed up for at least 12 months. Results: All 13 fractures were healed at an average of 20 weeks (range 
16-24 weeks). Five fractures occurred loss of reduction after release the forceps, and a single cable was used 
for each of those patients. The mean neck-shaft angle was restored to within 5°, and the average translation de-
creased from 2.05 cm preoperatively to 0.15 cm postoperatively. All patients achieved a good or excellent functional 
result with a mean Harris hip score of 90.7 (range 83-95). After follow-up of at least 12 months, no patient had a 
symptomatic leg length discrepancy or rotational malunion. Conclusion: Treatment of subtrochanteric fractures with 
reduction assisted with pointed clamp and cable cerclage and PFNA fixation techniques can result in preferable 
reductions and a high union rate.
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Introduction

Subtrochanteric fractures of the femur are 
defined as the fractures occurred in the region 
extending from the lesser trochanter to 5 cm 
distal to the lesser trochanter [1, 2]. Sub- 
trochanteric fractures have been reported up 
to 7% to 34% of all femoral fractures [3, 4]. The 
incidence of subtrochanteric fractures shows a 
pattern of double-peaked age curve. Younger 
patients experience subtrochanteric fractures 
from high energy trauma, typically from axial 
compression and rotation. High-energy trauma 
has been reported to cause 77% of subtro-
chanteric fractures [5]. In elderly patients, fall-

ing from a standing height directly onto the hip 
can also lead to a subtrochanteric fracture. 
Subtrochanteric fractures of the femur that are 
caused by low-energy trauma are less common 
[6].

It has been reported by many authors [7-10] 
that subtrochanteric fractures may be the most 
challenging of all fractures of the femur. They 
have often been associated with complications 
of fracture healing and mechanical failures 
[11]. The basic reason for this is the complex 
mechanical function in this region of the femur 
where special mechanical stresses and strains 
are located [12]. There is normally good bal-
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ance between body weight, gravity and the 
locomotion system in this particular region, 
allowing the force to be distributed distally [13]. 
Many authors have reported the intramedullary 
nail to be the most mechanically and biologi-
cally advantageous therapeutical modality in 
the treatment of subtrochanteric fractures [7, 
14, 15]. While the reduction of oblique and spi-
ral fractures in the subtrochanteric area still 
provide a technically difficult operative proce-
dure if attempting to treat the fracture with 
intramedullary nailing [16]. Clamp-assisted 
reduction of high subtrochanteric fractures of 
the femur has been shown to result in excellent 
union and alignment. Loss of reduction also 
provide a challenge for this technique [17, 18], 
and cable cerclage has also been shown to 
result in excellent results of restoring displace-
ment [19, 20]. The purpose of this study was to 
evaluate a series of oblique and spiral subtro-
chanteric fractures that were treated with 
reduction assisted with pointed clamp and 
cable cerclage and to determine the effect of 
this technique on reduction quality and func-
tional outcome, and we would like to provide 
our recommendations of this technique.

Patients and methods

Between August 2011 and February 2013, we 
included 13 patients with a mean age of 61.2 
years (range, 43-76 years) who underwent the 
technique of reduction assisted with pointed 

Of the 31 subtrochanteric fractures we treated 
between August 2011 and February 2013, only 
13 patients met our inclusion criteria in terms 
of fracture configuration and incomplete ana-
tomical reduction, following use of technique of 
reduction assisted with pointed clamp and 
cable cerclage and intramedullary nail.

Technique

The surgery was performed with the patient 
supine on a fracture table, after a muscle relax-
ant and a general anesthetic. Prophylactic anti-
biotics, typically a second generation cephalo-
sporin (Cefuroxime, 1.5 g), were given. Gentle 
traction was placed on the limb, and the frac-
ture was visualized in two planes fluoroscopi-
cally to evaluate the status of deformities of 
abduction, flexion, and rotation. Before drap-
ing, the length and rotation of the fracture was 
restored by using traction under fluoroscopy 
guidance. With this step, the alignment of frac-
ture line should be achieved in at least one 
plane, often sagittal plane. This is critical since 
the alignment in one plane allows the reduction 
of fracture assisted by pointed clamp in the 
other plane.

After locating under fluoroscopy guidance, a 
3-5 cm incision was made at the tip pointing 
towards the proximal fragment. The incision 
was extended deeper through the fascia lata 
through blunt dissection and the vastus latera-

Figure 1. Preoperative antero-posterior images: A. A 58-year-old man with an 
oblique subtrochanteric fracture of the femur. B. A 76-year-old man with a spiral 
subtrochanteric fracture of the femur.

clamp and cable cerclage 
and intramedullary nail for 
oblique and spiral subtro-
chanteric fracture of the 
femur (AO class 32-A1.1, 
32-B1.1 and 32-C1.1) at 
department of Orthopaedi- 
cs Traumatology, Shang- 
hai tenth people’s hospital, 
Tongji University, Shanghai, 
China (Figure 1). We exclud-
ed the patients who had a 
transverse fracture or com-
minuted fracture (range, AO 
class 32-C1.2 to 32-C3.3), 
which could not captured 
by the pointed clamp. For 
obvious reasons, any pati- 
ent whose fracture reduced 
anatomically with closed re- 
duction was also excluded.
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lis muscle was split, the fracture margins were 
palpated to estimate the direction of displace-
ment. If the lateral soft tissue was damaged by 
fracture trauma, then the approach was made 
through the space of damaged tissue to avoid 
additional tissue injury. With adjusting traction, 
anatomical reduction was achieved under pal-

pating. Subsequently, a 180 mm AO pointed 
reduction clamp was inserted parallel to the 
femoral shaft, with the prongs closed, and then 
advanced until it reached the medial cortex. 
Then, the clamp was turned 90° and the prongs 
were opened slowly over the surface of the 
bone until they captured and compressed the 
fracture. The accuracy of reduction was evalu-
ated by performing fluoroscopy in both coronal 
and sagittal planes (Figure 2).

Intramedullary nailing was performed while 
keeping the reduction forceps in place until dis-
tal locking was complete. If intramedullary nail-
ing was failed to perform through the incision 
used for reduction, then an incision was made 
in the lateral aspect of the thigh just distal to 
the lateral prominence of the greater trochan-
ter, and the incision used for reduction was 
gently tamped with gauzes to decrease bleed-
ing. All nails were statically locked with one or 
two distal locking screws. We used theproximal 
femoral nail antirotation (PFNA, Synthes®, 
Oberdorf, Switzerland ) device for all patients. 
The nails and proximal locking configuration 
were based on the fracture pattern.

If loss of reduction occurred after release the 
forceps, then, the incision was prolonged with 2 
cm and a supplementary cable cerclage was 
applied to maintain reduction (Figure 3).

Patients were treated with administration of 
LMW-heparin 4000 u once a day to prevent 
thrombosis during staying in the hospital. 

Figure 2. Diagram of reduction assisted with limited incision combined with pointed clamp: A, B. Reduction of 
oblique subtrochanteric fracture of the femur. C, D. Reduction of spiral subtrochanteric fracture of the femur.

Figure 3. A 58-year-old man with an oblique subtro-
chanteric fracture of the femur. Loss of reduction 
occurred after release the prongs; a supplementary 
cable cerclage was used.
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Table 1. Background information on the patients enrolled in the study

Case 
no. Age Injury cause Associated injury AO/OTA 

class
Oblique/

spiral
IM 
nail

Cable 
no.

Operation 
time (min)

Union time 
(weeks)

LLD 
(mm)

Coronal 
align-
ment

Sagittal 
alignment Function*

1 46 Traffic accident Tibial fracture 32-C 1.1 Oblique PFNA 1 128 23 -8 3° varus 2° flexion 89
2 57 Fall None 32-C 1.1 Spiral PFNA 0 100 18 -3 Neutral Neutral 91
3 71 Traffic accident Radial fracture 32-A 1.1 Oblique PFNA 0 104 17 0 Neutral Neutral 95
4 69 Fall None 32-B 1.1 Oblique PFNA 1 120 19 0 2° varus 2° extension 90
5 54 Fall None 32-B 1.1 Spiral PFNA 0 85 20 0 Neutral Neutral 92
6 43 Fall None 32-B 1.1 Spiral PFNA 0 90 16 -2 Neutral Neutral 93
7 74 Traffic accident None 32-C 1.1 Oblique PFNA 1 135 24 0 Neutral Neutral 95
8 76 Fall Spine fracture 32-A 1.1 Spiral PFNA 0 80 23 0 5° varus 3° flexion 85
9 58 Traffic accident Pelvic injury & chest trauma 32-C 1.1 Oblique PFNA 1 125 19 0 Neutral Neutral 91
10 67 Fall None 32-B 1.1 Spiral PFNA 0 92 20 0 Neutral Neutral 91
11 63 Fall None 32-B 1.1 Spiral PFNA 0 90 21 0 2° valgus 3° extension 83
12 70 Traffic accident Foot fractures 32-C 1.1 Oblique PFNA 1 119 22 -6 Neutral Neutral 89
13 48 Fall None 32-A 1.1 Spiral PFNA 0 97 18 0 Neutral 3° flexion 95
Mean 61.2 105 20 -1.5 90.7
PFNA proximal femoral nail antirotation (PFNA, Synthes®, Oberdorf, Switzerland); LLD leg-length discrepancy. *Assessed by Harris hip score.
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Patients were discharged after sutures were 
cut. For the first six weeks, patients were 
allowed to bear weight as tolerated with two-
arm support. Then they were progressed to use 
a cane as tolerated. Radiographs were made 
immediately postoperatively, at six weeks, at 
three months, and as needed afterward if 
union had not occurred. All patients were fol-
lowed up for 12 months or more. Final clinical 
outcomes were evaluated using the Harris hip 
score system (excellent > 90-100, good 80-89, 
fair 70-79, poor < 70), which is based on pain, 
function, deformity and range of motion 
assessments.

Results

Of all 13 cases included in this study, cause of 
injury was traffic accidents (5 patients) and 
falls (8 patients). Five patients suffered associ-
ated injury, which included tibial fracture, radial 
fracture, spine fracture, foot fractures, pelvic 
injury and chest trauma like rib fractures. No 
patient had an open fracture, and there was no 
major neurovascular injury. Numbers of frac-
ture types (according to the AO/OTA classifica-
tion) were: three of 32-A1.1, five of 32-B1.1, 
and five of 32-C1.1. There were six oblique frac-
tures and seven spiral fractures.

Average operation time was 105 min (range 
85-135 min). Proximal femoral nail antirotation 
(PFNA, Synthes®, Oberdorf, Switzerland) were 
used for all patients. Nail lengths ranged 
between 280 and 380 mm, and diameters 
between 9 and 11 mm. Five fractures occurred 
loss of reduction after release the forceps, and 
a single cable was used for each of those 
patients. All 13 fractures were healed at 24 
weeks (mean 20 weeks, range 16-24 weeks). 
There was no major complication, such asinfec-
tion, implant failure, or nonunion encountered. 
At ultimate follow-up visits, the mean neck-
shaft angle was restored to within 5°, and the 
average translation decreased from 2.05 cm 
preoperatively to 0.15 cm postoperatively. 

All patients achieved a good or excellent func-
tional result with a mean Harris hip score of 
90.7 (range 83-95). After follow-up of at least 
12 months, no patient had a symptomatic leg 
length discrepancy or rotational malunion at 
the time of follow-up (Table 1).

Discussion

Intramedullary nailing is considered the most 
preferred method in the treatment of subtro-
chanteric femoral fractures, especially in unsta-
ble fractures such as oblique and spiral tro-
chanteric fractures [21-28]. It is well known that 
the nailing of subtrochanteric fractures should 
be performed after reduction of the proximal 
fragment in order to avoid malunion and non-
union [29]. However, the adherence of the 
strong muscles to the femoral proximal region 
in closed displacement causes major issues in 
cases of subtrochanteric fractures [30-33]. The 
proximal fragment is displaced to the anterior 
by the traction of the iliopsoas muscle, to the 
lateral by the effect of the gluteus medius mus-
cle and the distal fragment is displaced to the 
medial by the influence of the adductor longus 
and magnus muscles. Therefore, the reduction 
and loss of reduction of the subtrochanteric 
fracture still provide a challenge.

Blocking screws were used to assist the reduc-
tion of subtrochanteric fractures [34, 35]. While 
blocking screws were also reported to main-
taining the placement and increase fracture 
fixation [36, 37]. Cable cerclage was introduced 
to provide a more permanent effect for reduc-
tion [38]. This instrument was reported to war-
rant a larger incision and cause injury to the 
soft tissues and the periosteal circulation [39]. 
However, another study suggest that the peri-
osteal vascular supply is circumferential, rather 
than longitudinal, with multiple musculo-perios-
teal vessels nourishing the periosteal layer 
[40]. Therefore, one cerclage cableshould have 
limited deleterious effect on the periosteal vas-
cularity ofthe entire oblique or spiral subtro-
chanteric fracture [20, 41]. Thus, we used cable 
cerclage for our patients who met loss of reduc-
tion after release the prongs and the fractures 
healed well after 12 months. Afsari et al. [36] 
recommended reduction with a small incision 
at the lateral using a bone clamp, and Park and 
Young [37] recommended assisting reduction 
withlong hemostatic forceps.

For the selected cases in our study, we used 
pointed reduction clamp with a limited incision 
and achieved a preferable result (all fractures 
united and no patient had a symptomatic limb 
length discrepancy or rotational malunion). 
During operation, we made a limited incision 
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and a approach through damaged tissue to 
avoid additional tissue injury and fracture 
devascularization. Under fluoroscopy guidance 
and finger palpating, the traction was adjusted 
several times to achieve anatomic reduction. 
We used pointed clamp to assist reduction in 
order to avoid additional damage of periosteum 
and nonunion. 

Loss of reduction after release the prongs can-
not be surprised with this technique. This can 
be due to residual toggling movement between 
the screw and the nail or nail-entry portal  
mismatch [36]. The effect of the gluteus medi-
us muscle also contributes to this displace-
ment. For the five patients who med loss of 
reduction, the application of cable cerclages 
restored all those displacements. And all those 
fractures healed well without any symptomatic 
deformity. 

In recent years, the AO/ASIF group improved 
the PFNA device to develop the angular and 
rotational stability. The spiral blade claims to 
compact the cancellous bone to increase sta-
bility and this has been biomechanically proven 
to retard rotation and medial bone cortex col-
lapse. Biomechanical tests also demonstrated 
a higher cut out resistance in the osteoporotic 
bone compared to commonly used screw sys-
tems [42, 43]. Therefore, we used PFNA for our 
cases.

There are many limitations of this study. First, it 
was a case series without a control group and 
the number of the patients was small. Second, 
information on blood loss and intraoperative 
radiation exposure time were not available in 
sufficient detail to allow comparison of other 
techniques. Third, this technique we introduced 
cannot be used in cases with severely commi-
nuted fractures and transverse fractures.

In summary, we would like to emphasise that 
reduction assisted withpointed clamp and 
cable cerclage and PFNA of oblique and spiral 
subtrochanteric fractures, which can improve 
the quality of reduction and fixation. Although 
the technique seems simple, to master this 
technique, surgeons need attentively analysis 
of the fracture status and attention to the 
details of the surgical technique described in 
this article. And we would like to provide our 
recommendations of this technique: 

(1) Computed tomography with three dimen-
sional reconstructions can be helpful in obtain-
ing the fracture morphology and making a rea-
sonable plane of operation.

(2) All potential material needed for reduction 
and fixation must be prepared (clamps, PFNA 
device, cerclage cable, etc.) prior to surgery.

(3) With traction, the reduction of length should 
be achieved firstly, the alignment of fracture 
line should be achieved in at least one plane.

(4) The approach could be made through the 
space of damaged tissue to avoid additional 
tissue injury if thelateral soft tissue is damaged 
by fracture trauma.

(5) Palpating with finger on the fracture margins 
can be helpful in guiding traction.

(6) If the incision used for performing intramed-
ullary nailing is not same to the incision used 
for reduction, then, in order to decrease bleed-
ing, one incision should be gently tamped with 
gauzes when the other is under operating.

(7) Reduction forceps should be kept in place 
until distal locking was complete.

(8) If loss of reduction occurs after release the 
forceps, a supplementary cable cerclage can 
beapplied to restore displacement.

(9) Following up is necessary. And additional 
procedures may be necessary, especially for 
nonunion.
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