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Abstract

Introduction: The Gamma 3 nail is widely used for AO31A1-3 fractures. The aim of this study was to compare outcomes in patients with
31A2 fractures treated with two lengths of Gamma3 nail.

Material: A prospective study of 104 non-pathological 31A2 fractures treated January 2012-January 2014. 14 patients were eliminated
due to inadequate follow up. Mean follow-up was 18 months (range 12-36). Average age was 81 years (range 50-99), 78% of the patients
were female. We studied two groups: Long Gamma3 Nail (LGN) and Short Gamma3 Nail (SGN). Preoperative variables included: age, medical
pathologies, gait, anesthetic risk, associated fractures, hemoglobin and hematocrit values. Postoperatively, we evaluated: functional and
radiographic results, quality of life, hemoglobin concentration, hematocrit, transfusion, gait and pain. Intraoperative and postoperative

complications were recorded: malunion, nonunion, infection rates, cut-outs and periprosthetic fractures.

Results: We obtained a correct reduction in 73% of cases. We found two intraoperative complications (greater trochanteric fractures) in
two LGN cases. 38% of the patients with LGN presented nail tip impaction upon the distal anterior femoral cortex, associated with anterior knee
pain. Blood loss was statistically different between groups but neither clinical outcomes nor quality of life presented any differences.

Conclusion: Our results with these two sizes of the Gamma3 Nail in 31A2 fractures showed no overall differences in clinical outcomes
and complication rates. Despite this, the LGN presented a statistically significant higher decrease of the postoperative hematocrit and more
transfused blood concentrates. We therefore recommend the use of locked SGN to treat the 31A2 fractures.
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Introduction

The treatment of proximal femoral fractures is a constant
subject of interest due to their high incidence. The present study
considers a particular type of fracture characterized by instability,
also known as unstable intertrochanteric fracture. This fracture
presents a special pattern with a fracture line extending from
lateral-proximal to medial-distal affecting the lesser trochanter. The
instability of these fractures is exerted by the iliopsoas muscle that
inserts in the fractured lesser trochanter and therefore medializes
the comminuted postero-medial cortex of the fracture; this reduces
the area of contact between the two ends of the fracture, delaying
bone callus formation and increasing the risk of implant failure
[1]. This fracture’s controversy seems to center on the type of
treatment used: extramedullary devices versus intramedullary
nail [2-5]. The different biomechanical forces involved because
the extramedullary devices to produce distraction of the fracture,
which leads to a high percentage of implant failures. Few studies
have examined the true behavior of intramedullary nails in these
fractures, and the existing publications involve a great diversity
of nails, thereby complicating interpretation of the results [6-11].
Many publications showed good results of former gamma nails to

treat proximal fractures [12-17]. Recently, with the evolution of the
gamma nail many studies published and compared the outcomes of
the previous generations with the actual Gamma3 [18-24].

In order to study our experience at the Hospital Clinico San
Carlos in Madrid, a retrospective study of the treatment of the
intertrochanteric fractures with gamma nail was done [12]. In
2000 a total of 348 intertrochanteric femoral fractures, excluding
pathological fractures were reviewed. Among the various data
collected, the phenomenon of cut out screw was seen in 21 cases,
which accounted for 8% of the series, being therefore the most
frequent cause of reoperation. The study of these patients revealed
the existence of a combination of factors that could be involved in
the failure of the fixation [16]. Some years after, with the new nail
generation, we decided to analyze if the results of the long dynamic
gamma3 nail (LGN) were comparable to short static gamma nails
(SGN) for the treatment of 31A2 fractures in our department.

Materials and Methods

We presentaprospective study of 104 non-pathological unstable
trochanteric femoral fractures treated with the third generation
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of Gamma nail ® between January 2012 and January 2014. The
patients were aleatorized and divided in 2 groups according to the
implant: SGN or LGN (Figure 1). Mean follow-up was 18 months
(range 1-3 years). 14 patients were eliminated from the study due
to inadequate monitoring (one immediate postoperative death and
13 patients with incomplete record but intact implant in their last
visit). The recorded preoperative variables included: patient age,
associated diseases, type of gait, anesthetic risk, the presence of
associated fractures, hemoglobin and hematocrit concentration
and fracture etiology. The preanesthesic risk was collected using
the ASA (American Society of Anesthesiologists) classification. The
type of gait was classified according to the need of walking aids
(cane or walker), the absence of walking ability or the capacity
of the patient to walk autonomously without help of any kind.

humerus fractures). Other associated injuries were seen in 5% of
the cases, the most frequent was traumatic brain injury which was
usually mild. The quality of life prior to fracture was: 25% needed
personal care assistance, 33% were independent at home, 39%
were independent outside their home and only 3% were able
to do physical activities. The type of walking was: 3% unable to
walk, 25% used two sticks, 38% used one stick and 34% walked
autonomously. The percentages shown refer to the total of patients,
which suggests a very high rate of pathological associations in our
patients. The two studied groups were homogeneous and the small
differences seen in the distribution were not statistically significant
(Table 2).

Table 1: Associated medical conditions.

The fractures were classified according to the AO classification %
(Orthopedic Trauma Association) [6]. None 12
( _ : ) Digestive 7
Neurologic 11
Dementia 10
Alcohol 6
Neumologic 10
Cardiologic 18
Kidney 4
AHT 29
Figure 1: Plain radiographs of unstable pertrochanteric DM 18
gz;tllgzsgtf;;_ed with long Gamma 3 nail and short locked ) Table 2: Preoperative Study,/ Implant used.
Postoperatively, we evaluated the following parameters: GN SGN LGN
hemoglobin and hematocrit concentration in the immediate ASAL 0% 0% 0%
postoperative period, the need for transfusion, the type of gait at ASATI 18% 20% 16%
discharge from the outpatient clinic and the presence of pain that ASA 111 66% 67% 64%
was scored as follows: no pain, occasional pain, or disabling pain. ASA IV 16% 13% 19%
Functional results and quality of life was queried. Radiographic Surgery

evaluation was also made including the assessment of fracture
reduction and evaluation of cephalic screw location. Intraoperative
and postoperative complications were studied; such as malunion,
nonunion, infection rates, cut-outs and periprosthetic fractures.
Statistical analysis was performed using SPSS 15.0 (SPSS Inc,
Chicago Illinois). Student t test was used to compare study outcomes
with parametric means. Chi-square test and Fisher’s exact test
were used to compare non-parametric means. To level of statistical
significance was set as a two-sided P value of 0.05.

Results
Preoperative Period

The mean age of the patients was 81 years (range 50-99) and
78% of the patients were female. The associated medical conditions
are summarized in Table 1, and are seen to be very prevalent: 88%
had atleast one pathology and 62% had more than two. By means of
the ASA classification: 44% of the patients corresponded to ASA I,
40% to ASA Il and 16% were ASA I11. The fractures were classified
according to the AO classification: 31A2.1: 28%, 31A2.2: 34% and
the most commonly found 31A2.3: 38%. We found associated upper
limb fractures in 7.1% of cases (distal radius fractures and proximal
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The patients were operated upon following preanesthetic
evaluation, an average of 3 days from admission. Spinal anesthesia
was performed in 74% of cases, epidural anesthesia in 14% and
general anesthesia in 12%. The most commonly used nail was the
1302 cervical-cephalic angled nail (52%) and the most common
length of the cephalic screw was 90 mm (33%). There were no
significant differences between the distribution of angle and the
length of the head screw used between both groups. The diaphyseal
locking screw of the long gamma nails was dynamic while the short
gamma nails had a static distal locking screw. The average time of
surgery was 48 minutes (range 30-68). The only intraoperative
complication found was a greater trochanteric fracture in two cases
treated with long nails.

Postoperative Hospital Period

The local complications in the early postoperative period
were limited to a single case of a significant hematoma. The most
frequent general complications registered during the immediate
postoperative period were urinary tract infection (no differences
between groups). Mean hemoglobin in the immediate postoperative
periodwas9g/dl(SGN9.5g/dl,LGN8.5g/dl), whereasthe hematocrit
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was 27% (29.2%SGN, 26%LGN). The blood loss recorded was
significantly lower in SGN (p=0.05). It was necessary to transfuse
an average of 1.4 blood units / patient (SGNO0.8, LGN1.65), this
difference isn’t statistically but clinical significant.

Full limb loading was allowed after 24 hours. The hospital stay
was on average 6 days including the preoperative period (5 SGN,
7 LGN). The destinations were elderly care homes, rehabilitation
centers or secondary hospitals in 65% of cases and the patient’s
home in 35% of cases. No significant differences were found in
hospital stay or destinations.

Outpatient clinic

The mean time to fracture consolidation was 3.1 months without
differences between groups. To be considered as consolidation
an evident bone callus formation had to be present of both the
anteroposterior and axial projection. Fracture reduction was
evaluated in the postoperative x-ray. In 73% a correct reduction of
the fracture was obtained (73% SGN, 74% LGN), 18.5% of the cases
didn’t have medial cortex contact (21% SGN, 13% LGN), in 7% the
lateral reduction was unsatisfactory (SGN 6%, LGN 10%) while
1,5% presented a complete lack of reduction (SGN 0%, LGN 3%), no
significant differences were found. The placement of the cephalic
screw was studied in both the anteroposterior radiographs and in
the axial, without significant differences between the locations in
both groups. In all cases treated with SGN the cephalic screw was
placed in the two inferior thirds of the head and neck as in 97% of
the LGN. Concerning the axial x-ray, both SGN and LGN head screws
were placed in the posterior part of the head. The mean screw-
subchondral bone distance was 9 mm (range 4-20 mm). 38% of
the patients with LGN presented nail tip impaction upon the distal
anterior cortical of the femur, this radiographic impaction was

associated with pain in the anterior zone of the knee (Figure 2).
e A

Figure 2: Plain radiographs showing a long Gamma Nail
tip impaction upon the distal anterior cortical of the femur.

J/

Since this situation is not to be found in the SGN group, it was
a significant difference between the groups. There were not any
statistically significant differences between groups concerning the
late complications studied, even though they were more frequent
in the LGN group. We found one case of delayed consolidation that
required surgery revision with replacement of the LGN. We also had
one LGN with cephalic screw lateral protrusion two months after
surgery. Loading of the affected limb was avoided until complete
consolidation was obtained and the material was finally extracted.
Finally we found one SGN case of cephalic screw cut-off that
required extraction and hip arthoplasty (Figure 3). The patients
were discharged from the outpatient clinic after an average follow-
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up of 24.3 weeks (SGN 24, LGN 25, no differences found). Before the
discharge the functional results were evaluated. The type of gait at
discharge from the clinic is reported in Table 3. Sixty-eight percent
of the patients were free of pain, however, 15% of the LGN reported
discomfort in the anterior zone of the knee, 2% of these patients
referred a disabling pain. In all cases this coincided with impaction
of the nail on the distal anterior cortical layer of the femur but only
3 cases underwent surgery with removal of the implant. There
were no statistically significant differences between groups about
the lower limb pain. It was described as disabling by only 2% of all
the patients.

Figure 3: Plain radiographs showing a case with cephalic
screw cut-off that ended in arthroplasty.

Table 3: Gait pre- and post-operatively.

Pre Post
Don’t walk 4% 11%
Walker 1% 3%
Two canes 2% 5%
One cane 34% 42%
Independent 59% 21%
Discussion

The results obtained with the two sizes of the Gamma3 Nail
in unstable pertro chanteric femoral fractures did not show any
important differences in neither clinical outcomes nor complication
rates. Theses unstable fractures, also called 31A2 fractures account
for 37- 42% of all intertrochanteric fractures of the femoral
region [12,16]. The treatment of these fractures is subject to
controversy, particularly concerning the use of intramedullary
versus extramedullary devices. However, there is one point on
which the different studies seem to agree: extramedullary sliding
devices (e.g., SHS) are not adequate for fractures of this kind [2-
5]. As a result of their distinct biomechanics, these devices distract
rather than compress the fracture fragments thus leading to a high
percentage of failures. The great diversity of implants used within
the same study contributes to perplex the situation. In series such
as those published by Parker, Chinzei, Barton, Michael or Cheng, as
many as four different types of nails have been used [6-11]. In our
study we have only used the Gamma3 nail (Stryker Howmedica),
a fact that allows us to adequately define its behavior. In unstable
fractures, intramedullary nailing theoretically affords increased
stability since the leverage is less and the proximal portion of the
nail is supported against the proximal fragment. In our series, the
percentage of implant failure (0,7% cutting phenomenon, 0,7%
nail rupture and 0,7% pseudoarthrosis) was considerably lower
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than with extramedullary fixation and slightly lower than other
published intramedullary series [8,9].

Many studies have used intramedullary nails for the treatment
of unstable trochanteric fractures [6-11]. On one hand the
problem of these studies is that unstable fractures are not only A.2
fractures but also A1.3 and inverse fracture patterns (A3.1, A3.3)
and on the other hand the series where only the A.2 fracture was
contemplated, the patient series were of limited in size [14]. The
advantages of the endomedullary nail are lesser blood loss and a
lower percentage of failures, the latter being essential in order to
avoid reinterventions that pose an important risks for the elderly
patient [12,15,17]. On the other hand, the consolidation rate
obtained is high (with only one case of pseudoarthrosis in our
series), and with the use of short nails one of the most common
complications in endomedullary nailing procedures is diminished:
diaphyseal refracture fundamentally associated with the use of
long gamma-nails (not seen in our series) [13]. Failure of closed
fracture reduction is relatively infrequent, since perfect anatomical
reduction is not necessary for implantation, the consolidation can
be achieved provided that there is sufficient contact between the
bone fragments. However, we agree that a positive medial cortical
support allows limited sliding of the neck fragment and achieve
secondary stability [8].

This leads to clinical-radiological discordance
cases. The need to access the fracture focus is only considered

in those cases where all the non-aggressive reduction options

in many

have been exhausted, and the open reduction might be related
to pseudoarthrosis and intraoperative fractures. We agree with
Pervez [14] and Loépez-Vega [19] concerning the distal nail locking
to get additional stabilization to the nail. In 13% of the patients
the nail impacted upon the distal anterior cortical layer of the
femur. This situation is more than a simple radiological finding,
since in contradiction to others authors, impaction caused clinical
manifestations in our patients (pain in the anterior knee region).
This circumstance could be related to the characteristics of the
femur in our elderly population, which are different to those found
in the central European population [15]. The decision to adopt the
Gamma3 Nail as our implant in this type of fractures was based on
the findings of last year’s studies between the previous gamma-nail
and the Gamma3, in which the Gamma3 afforded the best results
[18-24]. We agree with most authors that the best way to prevent
complications is to ensure a careful surgical technique, with special
attention to medullary cavity drilling and the manual insertion of
the nail [13]

In our study we recorded a single cutting phenomenon, in
contrast to the 6% rate reported in another series reviewed in
our hospital, involving 348 trochanteric fractures treated with the
short gamma-nail, and where 37% were A.2 type fractures. This
could, in part, be related to an improved surgical technique as
well as the increased stability afforded by the long gamma3-nail,
due to its lesser leverage and increased length [16]. There are no
publications to be found that studies the difference between two
different types of the same implant. Although our study are not
enough to rise statistically significant differences between the
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groups some are clinical significant. The data obtained allow us
to affirm that the clinical and radiological results with SGN and
the LGN in the treatment of the AO/OTA 31A2 proximal femur
fractures are similar. We found that there are statistically significant
differences of transfused blood concentrates and higher decrease in
the postoperative hematocrit, the LGN caused more blood loss and
could there for potentially cause major medical complications. We
found differences in favor of the use of SGN opposite the LGN, such
as the presence of pain in the distal third of the femur as some late
complications.
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