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Abstract

Background Intertrochanteric fractures are of great interest worldwide and are the most frequently operated fractures.
Intramedullary nailing is commonly used in the treatment of intertrochanteric fractures. The purpose of this study is to
assess the necessity of using the distal blocking screw in 31-A1 and 31-A2 fractures, classified according to the Orthopaedic
Trauma Association classification system (AO/OTA).

Methods This is a prospective study of 143 consecutive patients (mean age 85.01 years, mean final follow-up 14.1 months)
surgically treated with the same intramedullary nail. In 75 cases, the distal locking screw was not used. Parameters evaluated
during follow-up were: blood loss, transfusion requirements, surgery duration, and fluoroscopy time. Harris Hip Score and
Barthel Activity Daily Living were used for the clinical evaluation. Radiographic Union Score For Hip (RUSH score) and
Tip apex distance (TAD) were measured for radiologic evaluation.

Results The group treated without locking screw showed significantly shorter surgical duration time (31.9 vs. 47.2 min), a
decrease in blood loss (variation Hb — 1.06 vs. — 1.97), and reduced X-rays exposure time (25.4 vs. 31.6 s). No significant
differences were observed in the postoperative period and in the radiographic and clinical scores.

Conclusion This study demonstrates that in intertrochanteric 31-A1 and 31-A2 stable fractures, the absence of distal locking
screw does not compromise bone healing and prevents several clinical complications.

Introduction

Intertrochanteric fractures are of great interest worldwide
and are the most frequently operated fracture. Due to the
increase in life expectancy, these fractures are likely to
become more frequent in the future [1-3]. Over the years,
different kinds of surgical treatments such as sliding
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hip screws or plates and intramedullary nails have been
researched and implemented with different outcomes [4].
Osteosynthesis by means of intramedullary nails offers the
opportunity to perform minimally invasive surgery causing
little damage to the soft tissues. Nevertheless, this kind of
surgery has been correlated with some documented com-
plications [5].

In the literature, there is an ongoing debate whether distal
locking screws are necessary.

In fact, distal locking screws for axial and/or rotation-
ally unstable fracture patterns have been found to maintain
fracture length, prevent limb shortening, and subsequently
increase fracture stability and allow early postoperative
ambulation [6, 7].

Nevertheless, there are a good number of clinical and
biomechanical reports that support intramedullary intertro-
chanteric fracture fixation without any distal interlocking
screws [8, 9].

However, these biomechanical studies did not take into
account the dynamic loading conditions, nor the common
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rotational forces, which represent better the actual clinical
scenario of a patient mobilized after fixation.

The purpose of this study is to assess the necessity of
using the distal blocking screw in 31-A1 and 31-A2 frac-
tures, according to the AO/OTA classification.

Materials and methods

This prospective non-randomized study included 143 con-
secutive patients with pertrochanteric fractures operated
with the same intramedullary nail (SM Supernail GT, by
LIMA®) from January 2014 to January 2015.

This study was conducted in accordance with the ethi-
cal guidelines of the Declaration of Helsinki, and informed
consent was obtained from all patients.

All the fractures were classified according to the AO/OTA
classification system. We included patients with 31-A1 and
31-A2 stable fractures with a preoperative Barthel Activ-
ity Daily Living > 15. Exclusion criteria were dementia,
patients not walking before trauma, unstable 31-A3 or sub-
trochanteric fractures, pathological fractures, open fractures,
bilateral simultaneous fractures, fractures associated with a
neurovascular injury as well as previous ipsilateral hip or
femur surgery. Patients with BMI > 30 and with sympto-
matic anemia (HB < 8) were also excluded. The patients
were divided in two different groups: In 68 cases, the distal
screw was used (group A: locking), while it was not used in
75 cases (group B: unlocked). All the surgeries were per-
formed by the same surgeon who had considerable experi-
ence in this type of procedure. The average final follow-up
was 14.1 months (range 12—18). For the clinical evaluation,
Barthel Activity Daily Living and Harris Hip Score were
used at 6 and 12 weeks after surgery and in the final clinical
evaluation. At hospital admission, two standard X-rays of
the hip were performed on all the patients. The X-ray exami-
nation was repeated at first day after surgery and then at 6
and 12 weeks postoperatively. We divided our observational
study in three phases: In the first phase, we assessed blood
loss and transfusion requirements pre- and postoperative. In
the second phase, we did clinical and radiological examina-
tions at 6 and 12 weeks after surgery.

Patient population

In group A (distal locked nail), there were 68 patients with
mean age of 84.5 years (range 63-96). Fifty-seven patients
were females and 11 were male; 26 patients had left side
injury, while 42 patients had right side involved. According
to Orthopaedic Trauma Association classification system
(AO/OTA), 38 patients had 31-Al-type injury, while 30
patients had 31-A2 injury. Mean hospital stay was 2.47 days
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(range 1-6 days).The mean preoperative BMI was 23.93 kg/
m? (range 15.79-29.41 kg/m?), and mean preoperative Hb
(hemoglobin) and Ht (hematocrit) were 11.6 g/dl (range
8.8-16.4 g/dl) and 33.81% (range 25.5-47.3%), respectively.

In group B (distal unlocked nail), there were 75 patients
with mean age of 85.48 years (range 64—100).There were 62
female and 13 male patients. Thirty-eight patients had left
side injury, while 37 had right side fracture. According to
Orthopaedic Trauma Association classification system (AO/
OTA), 35 patients had 31-A1-type injury, while 40 patients
had 31-A2 injury. Mean hospital stay was 2.88 days (range
0-8 days). The mean preoperative BMI was 23.73 kg/m?
(range 19.53-30.41 kg/m?), and mean preoperative Hb
(hemoglobin) and Ht (hematocrit) were 11.08 g/dl (range
8-15.4 g/dl) and 33.49% (range 28.7-47.2%), respectively
(Table 1).

Follow-up

We evaluated clinical parameters (blood loss and general
complications) during hospitalization time. The day after
surgery postoperative radiographic examinations were per-
formed for all patients. Clinical and radiographic examina-
tions were repeated at 6 and 12 weeks post-op. Mean follow-
up was 14.1 months (range 12—-19) for all the cases. At the
final follow-up, 41 out of 143 (28.6%) patients were lost: The
remaining 102 patients were clinically examined in order to
detect possible general clinical complications.

Evaluation scores

For the clinical evaluation, the Barthel Activity Index was
used in the preoperatively and then at 6 and 12 weeks post-
operatively. All the patients included in this study had a
score > 15 (min 15 max 20, mean 18.2). The Harris Hip
Score was used at 6 and 12 weeks postoperatively.

X-ray scores

Enrollment required the availability of plain hip X-rays, in
AP and lateral views, performed the day after surgery, for
a baseline assessment, and subsequently during the follow-
up at 6 and 12 weeks postoperatively. The authors utilized
the Radiographic Union Score for Hip (RUSH) for follow-
up bony union assessment of the fracture [10, 11]. RUSH
provides four component scores of cortical bridging, corti-
cal disappearance, trabecular consolidation, and trabecular
disappearance. Each component can be scored from 1 to 3
for. Similarly, the two trabecular indexes were scored from 1
to 3 each based on consolidation for one of the indexes and
fracture line disappearance for the other. The overall RUSH
score therefore ranged from a minimum of 10 to a maxi-
mum of 30. Images were reviewed separately, and consensus
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Table 1 Statistical description of the population study
Group A (locked) Group B (unlocked) p value
Total 31-Al 31-A2 Total 31-Al 31-A2 Total
Patient 143 38 30 68 35 40 75 0.3506
Age (mean + SD) 85.01 £8.27 83.03+991 86.37+6.73 845876 85.17+794 8575+7.84 8548 +7.84 0.4812
Gender
Male 24 6 5 11 8 5 13 0.9688
Female 119 32 25 57 27 35 62
Side
Right 79 25 17 42 17 20 37 0.1853
Left 64 13 13 26 18 20 38
BMI (mean + SD) 23.81 £4.21 23.5+5.05 2441 +£549 2393+5.16 2247+342 2527+335 2373+3.63 0.8557
Hb g/dl (mean + SD) 11.28 +1.52 11.23+1.09 12.05+2.06 11.61 +1.65 11.15+142 11.03+142 11.08+1.41 0.0734
Ht % (mean + SD) 33.61 £4.28 3291 +£335 3486+5.06 33.81£473 3384+4.09 33.16+£3.98 33.49+4.02 0.7
Surgical delay (days) 2.76 + 1.47 251 +1.64 243+134 247+148 285+1.64 292+130 2.88+1.46 0.2061
(mean + SD)
Surgery duration 39.69 + 17.60 45.67 +13.34 49+ 13.16 47.16 +13.26 33.85+19.87 29.77 + 1642 31.87 +18.26 < 0.0001
(min) (mean + SD)
Screw angle
125° 56 22 17 39 9 8 17 < 0.0001
130° 87 16 13 29 26 32 58
Cephalic screw 93.31 £10.19 9270 £5.72 9417 +6.31 93.35+599 9220+ 17.76 9438 +£5.20 9325+ 1320  0.9551
length (mm)
(mean + SD)
Radiation dose 3.01 2.78 3.44 3.11 2.87 293 2.90 < 0.005
(mGy)
X-rays exposure (s)  28.49 30.78 32.40 31.59 25.31 25.49 25.40 < 0.005

was achieved at the second evaluation in cases of scoring
disagreement. Tip apex distance (TAD) was determined by
measuring the distance from the tip of the cephalic screw to
the apex of the femoral head on both AP and oblique radio-
graphs and was not normalized on cephalic screw length.
All the radiographic assessments were carried out using the
software package IMPAX (v. 6.4, Agfa).

Statistical analysis

Statistical analysis was performed with MedCalc Statis-
tical Software version 14.8.1 (MedCalc Software bvba,
Ostend, Belgium). We defined statistical significance for a
p value < 0.05.

Design of the cephalomedullary nail

All the intramedullary nails were made by a single manu-
facturer. The Supernail GT Lima nail was the same for all
cases: the standard version (length 180 mm). The proximal
diameter is 15.5 mm, and the distal diameter is 10 mm. The
length of the helical blade ranged from 75 to 120 mm. The
caput—collum—diaphysis (CCD) angle of the nail was 125°

or 130°. The distal part of the nail contained one oval hole
for either dynamic or static locking purposes. In all the cases
where the distal screw was used, it was placed dynamically.
The length of the cephalic screw ranged from 70 mm to
120 mm, with 10.5 mm of diameter. An anti-rotational screw
was inserted to block the cephalic screw. The angle of the
intramedullary nail was decided by the surgeon depending
on the each patient’s variables such as patient age, fracture
type, fracture reduction, quality of bone, and width of the
medullar cavity. During surgery, all fractures were treated by
closed reduction under C-arm fluoroscopy control.

Surgical technique

The patient is positioned on the operatory table, and ade-
quate fracture reduction is accomplished while the patient
is in the supine position on the fracture table. Through a
small incision of 4-5 cm proximal to the greater trochanter,
the fascia is incised without dissecting the fibers of the glu-
teus medius. This approach is designed to minimize soft
tissue damage around the proximal femur. A nail system
with a targeting guide and a trocar system helps protect the
gluteus medius [12]. Choosing the correct nail entry point
into the greater trochanter is one of the crucial elements of
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intramedullary nailing. In most cephalomedullary nails, the
guide pin is positioned right at the tip or slightly medial to
the tip of the greater trochanter in the AP view. After that,
the greater trochanter is drilled at the apex level with a can-
nulated tip and the guide wire is introduced. A radiographic
examination of the two views is recommended. If the guide
wire is well positioned, a flexible reamer is used to prepare
the femoral canal. After that, the nail is inserted into the
femoral canal and the guide wire is removed. A lateral inci-
sion on the thigh in line with the anteversion position of
the nail guide is performed. At this point, the guide wire
cannula is inserted to introduce the cephalic reamer and the
cephalic screw is positioned until the apex of the femoral
head. It is important to check the correct position of the
screw under image intensifier; at this time, it is important to
verify the correct tip apex distance (TAD) that should be less
than 25 mm in both radiographic views. The cephalic screw
should be centered in the neck fragment. If the screw is not
centered, flexion and extension of the limb may result in the
loosening of the bone—screw interface, and the screw may be
subsequently cut out. The cephalic screw is inserted 5 mm
deeper than the standard position, without giving a screw
compression, in order to allow a dynamic fracture compres-
sion during weight bearing. Then, an anti-rotational screw
is inserted, to allow the sliding of the cephalic screw, while
avoiding its rotatory motion and the subsequent rotation of
the femoral head and neck. Sutures of subcutaneous and
cutaneous tissue are performed. In group A, we did not use
the distal blocking screw, and in group B, a distal dynamic
blocking screw was positioned by means of a dedicated kit
(Figs. 1, 2, 3).

Postoperative management

The same rehabilitation program was used in both groups.
Depending on their general conditions, patients could be put
in a sitting position on the first postoperative day. From the
second postoperative day, the patients were allowed partial
weight bearing, with the help of two crutches and a physi-
otherapist. After 40 days, ambulation with single crutch
was allowed. Suture removal was performed 15 days after
surgery.

Results

The gathered results were then classified according to the
different categories and separated in groups A and B as
follows:
Group A (locked)
Mean postoperative Hb: 9.67 g/dl (range 7.2-15.9 g/dl).
Mean postoperative Ht: 27.99% (range 23.3-39.8%).
Mean transfusion requirements: 2.07 (range 0-6).
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Mean surgical case duration: 47.16 min (range 25-90).
Nail angle

125° in 29 patients.
130° in 39 patients.

Mean cephalic screw length: 93.35 mm (range 85-115).
Mean Harris Hip Score 40 days: 63.23 (range 55-79).
Mean Harris Hip Score 90 days: 81.23 (range 65-90).
Mean Barthel Index 40 days: 15.09 (range 13-18).
Mean Barthel Index 90 days: 17.86 (range 16-20).
Group B (unlocked)

Mean postoperative Hb: 10.02 g/dl (range 8.1-13.1 g/dl).
Mean postoperative Ht: 30.32% (range 24.4-40.1%).
Mean transfusion requirements: 1.33 (range 0—4).
Mean surgical case duration: 31.87 min (range 15-95).
Nail angle

125° in 17 patients.
130° in 58 patients.

Mean cephalic screw length: 93.25 mm (range
80-115 mm).

Mean Harris Hip Score 40 days: 65.39 (range 60-75).

Mean Harris Hip Score 90 days: 83.55 (range 65-90).

Mean Barthel Index 40 days: 15.09 (range 12—18).

Mean Barthel Index 90 days: 18.04 (range 15-20).

Radiation dose and exposure

For group A, the mean radiation dose was 3.11 mGY with
an exposure time of 31.59 s, while for group B the mean
radiation dose was 2.90 mGy with an exposure time of
25.40 s. The difference between the two groups was signifi-
cant (p < 0.005).

Radiographic results

Median RUSH showed a strong statistical increase between
the 6th and 12th week follow-up in both groups with a mean
value of 20.66 and 24.31 and 20.83 and 23.78, respectively,
in group A (p < 0.0001) and group B (p = 0.0002).

Furthermore, the mean RUSH score at 40 and 100 days
post-op did not reveal any significant difference between the
two groups. TAD variation between the groups was similar
during the follow-up.

Complications
At the final follow-up, we reported two cases (2 of 68, 2.9%)

of cephalic screw cutout and two cases (2 of 68, 2.9%) of
diaphyseal fractures around the distal part of the nail, both
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Fig.1 A case of 31-A1 unlocked intertrochanteric fracture; before fixation (a), day after surgery (b, c), after 40 days (d) and after 3 months (e, f)

in group A, while no cases of cutout were observed in the
unlocked group. In group B, we reported one case of sub-
trochanteric fracture after osteosynthesis with breakage of
anti-rotational screw, healed with conservative treatment
(Fig. 4). We did not observe cases of non-union. No deep
wound infection was observed. Hip pain after surgery was
observed in 11 patients in group A (16.1%) and in 9 patients
in group B (12%).

Discussion

The high incidence of hip fractures in the elderly represents
a global health issue, especially because of the high rate
of morbidity and mortality that is connected with it [13,
14]. Hip fractures are the fractures most frequently submit-
ted to surgery and are the most frequent among the elderly,
after wrist and vertebral fractures [15, 16]. The evolution
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Fig.2 A case of 31-A1 locked intertrochanteric fracture before fixation (a), day after surgery (b, ¢), after 40 days (d) and after 3 months (e, f)

of osteosynthesis allowed the development of increasingly
accurate mini-invasive surgical techniques, in order to
reduce soft tissue damage, blood loss, postoperative pain,
and the general complications. Intramedullary nails can pro-
vide these advantages while also reducing surgery duration
and transfusion requirements [17, 18].

In this retrospective study, we analyzed 143 intertro-
chanteric stable fractures treated with intramedullary
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nails. Sixty-eight were distally locked, and 75 were locked.
unlocked nail has several advantages: first reduction in radia-
tion exposure, for both the patient and the staff. Furthermore,
in the proximity of the distal screw, increase in mechanical
stress can lead to a hypertrophy of the surrounding cortical
bone, pain in the fascia lata, and fractures around the screw.
The hypertrophy of the distal cortical bone is a radiological
sign of proximal stress shielding, with maximal stress at
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Fig.3 A case of 31-A2 locked intertrochanteric fracture before fixation (a), the day after surgery (b, ¢), after 40 days (d) and after 3 months (e,

f)

the nail tip [15, 19]. Hardy reports that the use of two static
screws in the medullary nailing leads to a high degree of cor-
tical hypertrophy, while the distal dynamic locking decreases
the rate of this complication [20, 21]. On the basis of this
observation, we reduced the use of distal blockage in the
intertrochanteric stable fractures 31-A1 and 31-A2. Further
important observation concerns the fact that in case distal
locking was not performed, the surgical duration time was

significantly shorter (p < 0.0001). Considering the clinical
studies of US hospitals which have demonstrated that the
average cost per minute of operating room time is $62 [22],
we can infer that the non-locking procedure would result in
considerable cost savings, especially given the extremely
high occurrence of intertrochanteric fractures. Another fac-
tor to be taken into consideration is the risk of subsequent
diaphyseal fractures around the distal part of the nail. In
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Fig.4 A case of 31-A2 unlocked intertrochanteric fracture before fixation (a), the day after surgery (b), after 40 days, complicated with subtro-

chanteric fracture (¢, d) and after 3 months (e, f)

the unlocked nails, we did not have any fractures, while we
had this type of fracture in two locked patients. Among the
causes of the bone weakening at this distal implant-related
fracture are excessive tightening of the distal screw and the
excessive reaming of the medullary canal. Most of these
fractures occur within three months from surgery [23, 24].
In the patient with no distal locking, we found a low inci-
dence of decrease in hemoglobin. This is probably due to
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the fact that the distal screw is positioned in the proximity
of the perforating branches of the deep femoral artery, whose
accidental lesion during drilling can cause abundant postop-
erative bleeding [25].

Examining the radiographic results, we have to consider
several aspects. Fracture healing is a frequent end point
outcome in orthopedic research trials; therefore, differing
and subjective accounts of fracture healing can dramatically
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affect the perceived efficacy of a treatment [26]. RUSH
checklist improves the consistency and reliability of plain
X-ray interpretation and, at the same time, increases the util-
ity of hip fracture radiographs [10, 11].

RUSH appeared as a viable scoring system when applied
to intertrochanteric hip fractures treated with intramedullary
nail. Actually, the cortical/trabecular bridging and disap-
pearance were easy to assess in both the radiographic views.
The only problematic case is the evaluation of the lateral
cortical bone; in these cases, the cephalic screw can hide
the bridging and the fracture line. In such cases, we have
inserted an intermediate consolidation value (2 points in the
RUSH score). The significant improvement in RUSH during
follow-up seems to reflect the union of fractures.

Consolidation seemed to advance similarly in both
groups. TAD was not different in the two groups.

The present study has some weak points: The case record
is not very wide, a lot of patients were lost at follow-up, and
follow-ups were too short in order to assess late complica-
tions with a high degree of certainty. Moreover, an important
limitation of this study is the absence of length and rota-
tion stability measurements of the intertrochanteric fracture
treated with or without distal locking screw.

In conclusion, the present study demonstrates that, in
intertrochanteric 31-A1 and 31-A2 stable fractures, the
absence of distal blocking screw does not compromise bone
healing and prevents several clinical complications. Further-
more, this practice can provide other advantages, like cost
saving and lower exposure to radiations. Nevertheless, more
studies, especially randomized controlled trials, are neces-
sary in order to validate our results.
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