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A Comparative Study of Intramedullary Nail
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Objective: To compare the clinical outcomes of unstable femoral trochanteric fracture treated by proximal femoral
intramedullary nail enhanced with lateral locking plate versus cerclage steel wire.

Methods: A retrospective study was conducted on 83 patients who received open reduction and internal fixation with
proximal femoral intramedullary nail combined with lateral enhanced fixations for unstable femoral trochanteric frac-
tures from March 2015 to January 2017 in our hospital. Of these patients, 39 received the lateral enhanced fixation
with locking plate, while the remaining 44 had cerclage wire as additional fixation. The clinical data were compared
between the two groups.

Results: All the patients in the study had surgical procedures performed smoothly. Although the plate group had sig-
nificantly longer operation times and significantly higher hospitalization expenses than the wire group (P < 0.05), no
statistically significant differences in intraoperative blood loss and hospital stay were proved between the groups
(P > 0.05). The follow-up period lasted for 12–24 months with an average of (16.81 � 2.92) months. The plate group
returned to full-weight bearing significantly earlier than the wire group (P < 0.05). The Harris Hip Score (HHS) signifi-
cantly increased in both groups over time postoperatively (P < 0.05). The plate group achieved a higher HHS than the
wire group, which was statistically significant at 3 months (P < 0.05), whereas it became insignificant at 6 and
12 months postoperatively (P > 0.05). Regarding radiographic assessment, an excellent rate of fracture reduction was
proved in 71.79% of the plate group, compared to 45.45% of the wire group, which was statistically significant
(P < 0.05). In addition, fracture healing was achieved significantly earlier in the plate group than the wire group
(P < 0.05); nevertheless, no statistically significant difference was noted in neck-shaft angle at the latest follow-up
between the two groups (P > 0.05). At the latest follow-up, two cases of implant loosening and two cases of coxa
varus were found in the plate group, while one case of femoral head necrosis and three cases of coxa varus were rev-
ealed by radiographs in the wire group.

Conclusion: The cerclage wire has benefits of saving time and operation costs; however, the locking plate has the
advantages of improving fracture reduction quality, shortening time to full weight bearing and fracture healing, and
improving hip function recovery due to the lateral additional fixations to proximal femoral intramedullary nail for unsta-
ble trochanteric fractures.
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Introduction

Hip fracture is considered to be the main cause of disabil-
ity in the elderly in the world. By 2050, the number of

hip fractures worldwide is estimated to exceed 6.3 mn per
year, accounting for about half of all hip fractures 1. Unstable
femoral trochanteric fracture with side wall injury will
shorten the biomechanically unstable head and neck fracture
broken end, which can lead to the failure of internal fixation,
and increase the chance of reoperation. Factors affecting fixa-
tion stability include the geometric shape of fracture, degree
of osteoporosis and comminution, selection of internal fixa-
tion, and surgical technique. The stability of rotor fracture
mainly depends on the integrity of lateral wall and posterior
inner wall, and the injury of greater trochanter and
subtrochanteric2.

The choice of internal fixation will also determine
the postoperative stability of unstable trochanteric fracture.
The most commonly used fixations in clinic include
dynamic hip screw, femoral trochanter stabilization plate,
percutaneous compression plate, proximal femoral locking
plate, intramedullary nail (IMN), and artificial joint
replacement. IMN fixation has been recommended for the
treatment of unstable trochanter fractures with good fixa-
tion stability, small intraoperative soft tissue injury, and
few complications3. Dynamic hip screw (DHS) is not the
first choice for unstable trochanteric fracture, and intra-
medullary fixation can be used as the first choice for
patients with normal bone mass. For unstable fractures
with severe osteoporosis, artificial hip arthroplasty is a safe
and effective surgical choice. The unique complications for
artificial hip replacement as a prosthesis implantation sur-
gery are periprosthetic fracture, thromboembolism, pros-
thesis loosening, hip joint dislocation, and prosthesis wear,
so it is necessary to understand the specific surgical pro-
cesses associated with this procedure. For young patients,
there is the problem of the useful life of an artificial joint
after operation. In recent years, joint prosthesis technology
and joint replacement technology are becoming increas-
ingly mature. More and more elderly patients with unstable
trochanteric fracture are treated with artificial hip replace-
ment. However, there has been no final conclusion as to
whether the primary operation, the total hip or the semi-
hip has been debated. At present, there is still no consensus
on the best treatment for unstable intertrochanteric frac-
tures. Elderly patients with severe osteoporosis may have
nonunion and bone loss. Therefore, in formulating the sur-
gical plan, orthopaedic surgeons not only need to consider
the patient’s physical condition, fracture type, and eco-
nomic situation, but also take into account the biomechan-
ical characteristics of the implant, and consider the
stability of the lateral wall when making a reasonable
choice of surgical methods.

There are still challenges in the reconstruction of lat-
eral wall and posterior medial wall after IMN fixation of
unstable trochanteric fractures. Most fractures can be
reduced satisfactorily by adjusting the position of the distal

limb after traction, but for the fractures of the medial and
lateral wall, it is necessary to make a corresponding preop-
erative plan according to the type of fracture. The fracture
block of the lesser trochanter of femur is easy to be pulled
to the proximal end by the iliopsoas muscle, and can be
corrected by adjusting the abduction of the hip joint with
the traction bed. For displaced medial wall fractures, small
incisions can be assisted and fixed by minimally invasive
wire strapping. The fracture block of proximal trochanter of
femur is easy to be pulled by gluteus medius muscle, so it is
difficult to reduce it. Coarse Kirschner wire can be used to
adjust the intertrochanteric fracture of the proximal femur.
Repeated needle placement should be avoided to prevent
complications such as splitting of the greater trochanter of
the femur. The success rate of single lateral wall fixation
methods, such as rotor stabilization plate and proximal
femoral locking plate, is limited 4. IMN has been accepted
as a way to treat unstable trochanteric fracture. It has good
fixation stability, less soft tissue injury and less complica-
tions during operation. In addition, the use of encircling
steel wire and tension screw to assist the fixation of intra-
medullary nail and lateral wall reconstruction in the treat-
ment of unstable trochanteric fracture can reduce operative
complications, shorten operation time, and result in less
blood loss and less soft tissue injury. For unstable trochan-
teric fractures, the posterior medial wall or lateral wall can
be stabilized by encircling steel wire, tension screw, and
locking plate of proximal femur on the basis of IMN
fixation5.

The choice of auxiliary fixation mode is diverse, and,
at present, the choice of IMN fixation auxiliary fixation
mode is still controversial in China and abroad. The purpose
of this study was: (i) to explore the advantages and disadvan-
tages of assisted anatomical locking plate for unstable femo-
ral trochanteric fracture; (ii) to explore the advantages and
disadvantages of assisted wire fixation for unstable femoral
trochanteric fractures; (iii) to compare two assisted fixed
methods; and (iv) to explore the timing of selection.

Data and Methods

Inclusion and Exclusion Criteria
Inclusion criteria for this study: (i) unstable trochanteric
fracture: 31A2.2, 31A2.3 and 31A3 intertrochanteric fracture
and subtrochanteric fracture6; (ii) age > 18 years old;
(iii) unilateral primary closed trochanteric fracture; (iv) the
auxiliary steel plate or encircling steel wire was fixed with
intramedullary nail; (v) the follow-up period was more than
1 year.

Exclusion criteria for this study: (i) Patients who could
not walk before fracture and other fractures affected rehabili-
tation; (ii) patients with old fracture; (iii) patients with com-
pound hip trauma and pathological fracture; (iv) patients
with incomplete case data and follow-up time of less than
1 year.
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General Information
From March 2015 to January 2017, 83 patient cases met the
inclusion criteria; of these, there were 41 males and
42 females. The age range was 46 to 89 years, with an aver-
age of (69.27 � 11.92) years. According to the different
methods of auxiliary fixation, the patients were divided into
steel plate group (39 cases) and steel wire group (44 cases).
The general data of the two groups were shown in Table 1.
There was no significant difference in age, sex, injury mecha-
nism, and osteoporosis between the two groups. AO classifi-
cation was used for intertrochanteric fracture and
Seinsheimer classification for subtrochanteric fracture.

Surgical Method
The patient took the supine position for traction reduction.
The broken end of the fracture and traction reduction was
determined by C-arm fluoroscopy. A 5 cm longitudinal slit
was made above the greater trochanteric to expose the
greater trochanteric, and the needle point was determined at
the inside 1/3. The guide needle was inserted along the longi-
tudinal axis of the Patient’s body. C-arm fluoroscopy con-
firmed that the guide needle was in the correct position.
Reaming in the direction of the guide needle, the intra-
medullary nail was rotated and installed. A deflector was
used to insert the guide needle into the femoral head and
examine the position by fluoroscopy. The spiral blade was
placed after measuring the depth. The screw was placed in
the center of the femoral head or slightly below the sub-
cartilage edge of the lower 0.5–1 cm, and then place the dis-
tal locking screw on the distal femur.

In the steel plate group, without prolonging the inci-
sion, the lateral thigh muscle was peeled off to the distal end
of the femur, and the locking plate was placed in the lateral
wall through this space. The position of the plate was identi-
fied by fluoroscopy, and the position of the distal locking
hole was marked at the same time. The intramedullary nail
was avoided, and the locking nail was placed into the inter-
nal and proximal femoral shaft of the femoral neck. The dis-
tal femur used a well-located percutaneous, minimally
invasive incision to explore the locking hole, place the
locking sleeve, and place the locking nail.

In the steel wire group, through the original incision at
the level of the lesser trochanter, the two parts of the steel
wire banding device were connected in the front and rear of

the femur and passed through the encircling steel wire. The
steel wire banding device was removed, the steel wire posi-
tion was adjusted up and down and tightened, and the hip
joint was moved to ensure the bone mass of the lateral wall
and posterior medial wall was still stable. The number of
encircling steel wires were increased if necessary, and the
steel wire was strengthened at the proximal end of the intra-
medullary nail. X-ray confirmed whether the reset was
satisfactory.

Evaluation Index
The amount of blood loss (according to Gross formula7) and
operation time were recorded for the two groups. The occur-
rence, hospitalization time, and cost of operation-related
complications were recorded. The function of hip joint was
evaluated by Harris Hip Score (HHS), and the time of com-
plete weight bearing was recorded. The quality of fracture
reduction was evaluated by modified Baumgaertner stan-
dard6. The fracture healing time was recorded7, and the
collodiaphyseal angle was measured.

Blood Loss
Gross formula: For assessing Actual blood loss (ABL) in sur-
gery. ABL = BV×[Hcti-Hctf]/Hctm. Total Body volume (BV,
Body volume) = 70 ml × Body weight (kg). Hcti: Before sur-
gery, Hctf: End of surgery. Hctm: (Hcti + Hctf) /2.

Baumgaertner Standard
To evaluate the quality of fracture reduction, the following
two items are excellent and one is good. If neither of the fol-
lowing is in line with each other, it is poor. The results
showed: (i) in the positive position of X-ray, the
collodiaphyseal angle was normal or slightly valgus, and the
lateral angle was less than 20�; and (ii) the reduction was
completed in the positive and lateral position of the main
fracture, and the shortening was less than 0.5 cm8.

Fracture Healing Standard
There was no tapping pain in the hip, no longitudinal per-
cussion pain, no local pain. At the same time, X-ray or CT
indicates broken end connection of fracture, and complete
bony callus formation is regarded as fracture healing9.

TABLE 1 Comparison of general data between two groups of different auxiliary fixation methods

Indicators Steel Plate group(39 cases) Steel wire group (44 cases) Statistical value P value

Age (years, mean � SD) 69.92 � 11.34 68.68 � 12.52 t = 0.471 0.639
Gender (cases, male / female) 20/19 21/23 χ2 = 0.105 0.827
Cause of injury (cases, high fall/ accident / fall) 7/17/15 8/15/21 χ2 = 0.894 0.679
Osteoporosis(cases, yes / no) 22/17 23/21 χ2 = 0.143 0.826
Fracture type (Intertrochanteric / Subtrochanteric fracture) 23/16 30/14 χ2 = 0.759 0.493
Intertrochanteric(AO31A2.2/A2.3/A3.1/A3.2/A3.3) 3/5/7/8/5 (28) 4/6/7/5/3(25) χ2 = 1.391 0.889
Subtrochanteric fracture (Seinsheimer I/II/III/IV) 0/2/3/6 (11) 0/6/9/4 (19) χ2 = 3.265 0.225
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Harris Hip Score (HHS)
The HHS was used to evaluate postoperative recovery of hip
function in an adult population. The HHS score system
mainly includes four aspects: pain, function, absence of
deformity, and range of motion. The score standard had a
maximum of 100 points (best possible outcome). A total
score < 70 is considered as poor score, 70–80 as fair, 80–90
as good, and 90–100 as excellent.

Collodiaphyseal Angle
The angle between the longitudinal axis of the femoral shaft
and the axis of the femoral neck is the collodiaphyseal angle.
The normal range of collodiaphyseal angle was between
110�–140�, with an average of 128�, 132� in male and 127�
in female. If this angle is less than the normal range, it is hip
varus, and if it is greater than the normal range, it is hip
valgus.

Statistical Method
SPSS22.0 software was used for statistical analysis. The cou-
nting data were tested by Chi-square test. The measurement
data obeying normal distribution and homogeneous variance
were described as (mean � SD). The t-test of independent
samples was used between the two groups. Does not obey
the normal distribution or the variance is uneven, uses the
rank sum test. One-way ANOVA was used for intra-group
comparison. The test level α was 0.05 on both sides.

Results

Perioperative Situation
The operation was completed successfully in both groups. In
the intraoperative plate group, the fat on the lateral thigh of
three patients was too thick, and the modified minimally
invasive percutaneous plate osteosynthesis (MIPPO) mini-
mally invasive placement of the lateral locking plate was dif-
ficult, so the plate was placed under direct vision after
prolonging the incision. In the steel wire group, 12 patients
with severe fracture displacement of medial and lateral wall
injury were treated with prolonged incision and multi-strand
steel wire encircling and strengthening during the operation.
The perioperative data of the two groups are shown in
Table 2. The operation time in the steel plate group was sig-
nificantly longer than that in the steel wire group (P < 0.05),
but there was no significant difference in average blood loss
and average hospital stay between the two groups (P > 0.05).

The average hospitalization cost in the steel plate group was
significantly higher than that in the steel wire group
(P < 0.05). In the steel plate group, postoperative swelling
was obvious in three cases, and symptoms were relieved after
ice compression and elevation of the affected limbs. The gas-
trointestinal reactions were relieved after symptomatic treat-
ment in three cases. In the steel wire group, one case had
subcutaneous fluid, which was bandaged under pressure, and
the wound was stable after dressing change. Four cases of
gastrointestinal reaction in this group were relieved after
symptomatic treatment. There was no wound infection and
no cardiovascular and thrombus complications in both
groups.

Follow-up Results
Eighty-three patients were followed up for 12–24 months,
with an average of (16.81 � 2.92) months. During the
follow-up, one patient in the steel wire group underwent
total hip replacement because of osteonecrosis of the femoral
head and severe hip pain 19 months after operation. The
follow-up measurement data of the two groups are shown in
Table 3. The average time of complete weight loading in the
steel plate group was significantly earlier than that in the
steel wire group, the HHS in the two groups increased signif-
icantly with the prolongation of time, and there was signifi-
cant difference at different time points (P < 0.05). Three
months after operation, the HHS in the steel plate group was
significantly higher than that in the steel wire group
(P < 0.05). At 6 and 12 months after operation, the HHS in
the steel plate group was still higher than that in the steel
wire group, but the difference was not statistically significant
(P > 0.05, Table 3).

During the last follow-up, of the 39 cases in the steel
plate group, 18 were completely painless, 19 had mild pain,
two had obvious pain, 25 walked normally, 11 had mild clau-
dication, two had obvious claudication, one walked with cru-
tches, 24 had normal squatting activity, 13 had mild
squatting limitation, two had obvious limited squatting activ-
ity, 23 recovered their pre-injury exercise and labor ability,
and 16 cases did not return to the level of pre-injury exercise
and labor ability. Of the 44 cases in the steel wire group,
19 were completely painless, 22 had mild pain, three had
obvious pain; 26 were walking normally, (no claudication),
14 had mild claudication, two had claudication; 25 had nor-
mal squatting ability, 17 had mild squatting limitation, two
had obvious squatting limitation, 28 had recovery of pre-

TABLE 2 Peri-operative data (mean � SD) and comparison between the two groups

Indicators Steel Plate group (39 cases) Steel wire group (44 cases) Statistical value P value

Operation time (min) 79.05 � 11.84 69.57 � 12.34 t = 3.561 0.001
Blood loss (mL) 247.31 � 20.60 244.95 � 20.49 t = 0.521 0.604
Days of hospitalization 14.64 � 3.38 15.13 � 3.32 Z = -0.867 0.386
Hospitalization expenses (10,000 RMB) 3.68 � 0.35 3.13 � 0.44 Z = -5.033 <0.001
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injury exercise and labor ability, and 16 did not recover to
the level of pre-injury exercise ability.

Image Evaluation
The imaging evaluation data of the two groups are shown in
Table 4. According to the modified Baumgaertner standard,
the excellent rate of fracture reduction quality was 71.79% in
the steel plate group and 45.45% in the steel wire group. There
was significant difference between the two groups (P < 0.05).
The fracture healing time in the steel plate group was signifi-
cantly earlier than that in the steel wire group (P < 0.05). At
the last follow-up, there was no significant difference in
collodiaphyseal angle between the two groups (P > 0.05).

At the last follow-up there was no spiral blade cutting
the femoral head in the locking plate group, one case of pos-
terior medial wall fracture line was still visible, but the tro-
chanteric fracture node had continuous callus, and two cases
of plate and screw unnailed, but the fracture healed
completely. Hip varus was found in two cases and the frac-
ture healed completely. There was no spiral blade cutting the
femoral head in the steel wire group, two cases of lateral wall
fracture nonunion, but the posterior medial wall and tro-
chanteric fracture healed completely, one case of
osteonecrosis of the femoral head and three cases of hip
varus. The images of typical cases are in Figs 1 and 2. In
eight patients with 39 cases of plate fixation, the anatomical
locking plate was removed at the early stage, and then the
intramedullary nail was removed after the second operation.

Discussion

There are still many disputes about the choice of internal
fixation and surgical scheme for femoral trochanteric

fracture, especially unstable fracture 10,11. Femoral shaft dis-
placement and varus collapse are common complications of
unstable trochanteric fracture. A number of studies have
shown that the integrity of the lateral wall is a key factor in

hip varus12. Compared with dynamic hip screw, intra-
medullary nail fixation has better stability, and reduces the
incidence of fracture varus and collapse13, but there may be
injury or aggravation of lateral wall injury when intra-
medullary nail is inserted. There are challenges in the opera-
tion of lateral wall fractures associated with unstable
fractures of the trochanteric. Three-dimensional reconstruc-
tion CT scan showed that most of the greater trochanteric
fractures occurred in the coronal plane, and were serious
enough to lead to a high degree of instability. Therefore, the
sidewall of the greater rotor is recommended for reconstruc-
tion to provide stability. In many cases, the intramedullary
fixation passes through the middle of the greater trochanteric
segment, and the stability of the lateral wall cannot be
guaranteed without the auxiliary fixation of the lateral wall.
Circumferential steel wire and proximal femoral locking
plate can be used to fix greater trochanter fracture on coro-
nal plane. The proximal femoral locking plate and steel wire
were used to realize the anatomical reduction of the fracture
and to provide a stable lateral wall. The surgical approach to
stabilize the medial wall is difficult.

For the posterior medial wall collapsed fractures, it is
difficult to reconstruct them with either cerclage wire or
locking plate. It poses an even greater challenge when the
patients have osteoporotic bone. The lesser trochanter and
calcar femorale are the most important pressure conduction
sites in the medial wall of the trochanteric, and the integrity
of posterior medial wall directly affects the stability of tro-
chanteric. The fracture block of posterior medial wall was
fixed by steel wire as far as possible, and the steel wire clung
to the bone cortex of posterior medial wall in this process.
During the operation, it is necessary to make sure that the
encircling of the steel wire does not affect the activity of the
adductor muscle. The advantage of auxiliary steel wire ban-
daging is that the operation time is short, the operation cost
is relatively low, and the medial wall has the effect of

TABLE 3 Follow-up measurement data (mean � SD) and comparison between the two groups

Indicators Postoperative time point Steel Plate group (39 cases) Steel wire group (44 cases) t value P value

Full weight bearing time (days) 84.49 � 10.74 90.66 � 8.47 −2.922 0.005
Harris score 3 months 75.46 � 6.99 71.48 � 8.47 2.320 0.023

6 months 81.13 � 7.41 80.23 � 6.76 0.579 0.564
12 months 87.92 � 6.91 86.16 � 5.43 1.300 0.197
F value 30.033 49.065
P value <0.001 <0.001

TABLE 4 Comparison of imaging evaluation results between two groups

Indicators Steel Plate group (39 cases) Steel wire group (44 cases) Statistical value P value

Reduction of fracture (cases, excellent / good / fair) 28/10/1 20/22/2 χ2 = 5.917 0.034
Fracture healing time (mean � SD, days) 93.46 � 7.87 100.02 � 8.89 t = −3.539 0.001
Last follow-up collodiaphyseal angle (�) 128.18 � 11.07 127.25 � 12.16 t = 0.362 0.718
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encircling and fixing. The locking plate of proximal femur is
helpful to shorten the time of complete weight bearing and
fracture healing, and improve the early functional recovery
of hip joint. The quality of fracture reduction is better than
that of encircling steel wire.

Screw cutting of the femoral head is a serious compli-
cation of intramedullary nail fixation. The protruding tip of
the screw causes obvious pain and disability in the hip joint,
leading to the formation of osteoarthritis of the hip joint. In
the past, it was considered that the cusp distance (TAD) of
screws was the key factor affecting the screw cutting rate. It
was suggested that the TAD standard should be greater than
15 mm to reduce screw displacement. In the case of poor
angular reduction, the screw is not parallel to the femoral
neck, which greatly reduces the possibility of the best nail
position and the best TAD, and the anatomical fracture
reduction is helpful for more suitable nail placement, and
the significance of good reduction is greater than that of
screw position or TAD. Some studies have shown that TAD
cannot fully predict the removal rate of screws 14. Reasonable
placement and adequate reduction and osteoporosis also
affect screw cutting of the femoral head15. The comparative
study of different types of intramedullary fixation shows that
fracture collapse is an important factor leading to screw inci-
sion. Fogagnolo et al.8 confirmed that the resection rate was

as high as 10% in patients with unstable trochanteric after
intramedullary fixation, emphasizing the necessity of ana-
tomical reduction of fracture. Huang et al. also pointed out
that intramedullary nail fixation in patients with osteoporosis
is insufficient, and screw cutting penetration rate depends on
the size of intramedullary nail, good reduction and lateral
wall stability16. Posterior medial and lateral wall reduction
and fixation will reduce the risk of screw removal and reduce
complications associated with fixation failure and
reoperation. The resection rate was associated with poor
reduction of femoral collodiaphyseal angle after fixation, but
the most closely related risk factor was lateral wall frac-
ture17,18. All these studies emphasize the importance of
reduction quality after intramedullary fixation of unstable
trochanteric fractures. For unstable fracture of trochanteric,
the reduction quality of intramedullary nail fixation with
steel plate is better than that of steel wire encircling fixation.

Auxiliary fixation is particularly important for medial
and lateral wall reduction and fixation after intramedullary
nail fixation. For the repair of lateral wall stability, proximal
femoral locking plate is better than steel wire encircling, and
the complete fracture healing time is shorter. In this study,
there was no significant difference in operation-related com-
plications between the two groups, and there was no differ-
ence in the recovery of hip joint function between the two

A B C

D E F

Fig. 1 A 57-year-old male patient with trochanteric fracture was treated with intramedullary nail assisted anatomical locking plate fixation of the

lateral wall of the proximal femur. (A, B): X-ray lateral wall injury was serious before operation. (C, D): After operation, X-ray positive and lateral films

showed anatomical reduction and reliable fixation of fracture. (E, F): 6 months after operation, CT showed bone healing.
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groups, 6 and 12 months after operation. As for the elderly
patients who do not require high hip joint activity, they can
choose steel wire encircling fixation. This study confirmed
that the fracture healing time and complete weight-bearing
time of steel wire encircling fixation was longer than that of
proximal locking plate. In patients with severe osteoporosis,
the incidence of recurrent fracture of trochanteric fracture
within 3 years after operation is about 2.4%. It is suggested
that patients have stable fixation during operation, early
functional exercise, and regular anti-osteoporosis treat-
ment19,20. Long-term bed rest will aggravate bone mass loss,
aggravate osteoporosis, and increase the risk of complica-
tions in bed rest. For patients with severe osteoporosis, it is
recommended to use proximal femoral locking plate fixation
for the treatment of intertrochanteric fracture. Early weight-
bearing activities of the hip joint and strengthen the func-
tional exercise of the hip joint. However, for patients with
severe osteoporosis, the anatomical reconstruction plate of
the lateral wall is not recommended. For the patients with
collapsed fractures in the lateral wall or a very thin lateral
wall, it was difficult to reconstruct the lateral wall by using a
locking plate, especially as the locking screws can likely only
be fixed unicortically. The bone condition will affect the sta-
bility of the steel plate. If the osteoporosis is serious and the

fixation of the steel plate is not firm, it will lose its signifi-
cance. Multiple strands of steel wire can be used to fix the
lateral wall. For patients with severe medial wall injury, it is
recommended to combine steel wire encircling on the basis
of locking plate at the proximal end of the femur. It is
suggested that the appropriate auxiliary fixation should be
selected by comprehensively considering the type of fracture,
lateral wall injury, age, basic diseases, osteoporosis, func-
tional requirements of hip joint, economic situation,
and so on.

The advantage of this study is that the two sets of gen-
eral data are compared. For type A2, steel wire encircling is
selected because the fracture is relatively not serious, and the
proximal locking plate is selected for serious rotor injury of
type A3, both of which will affect the experimental results.
Through the comparison of AO typing between the two
groups, this influencing factor was excluded. The possibility
of different severity of fracture in the two groups before sur-
gical intervention was excluded, which led to different frac-
ture healing after operation. At the same time, the two
groups of osteoporosis were considered, and the factors
affecting the prognosis of the fracture were excluded as much
as possible. At the same time, this study also has shortcom-
ings. When reviewing the surgical-related complications, the

A

C D E

B

Fig. 2 A 41-year-old male patient with trochanteric fracture was treated with intramedullary nail fixation and steel wire encircling fixation. (A):

preoperative CT and reconstruction showed obvious fracture displacement, (B, C): preoperative X-ray positive and lateral position showed serious

lateral wall injury. (D, E): After operation, X-ray positive and lateral position showed anatomical reduction and good fixation of fracture.
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sample size is limited, and the single complications are rela-
tively few. The results may be inaccurate. In future studies,

the sample size can be increased, the follow-up time can be
extended, and complications can be observed.

References
1. Søgaard AJ, Holvik K, Meyer HE, Tell GS, Gjesdal CG. Continued decline in hip
fracture incidence in Norway: a NOREPOS study. Osteoporos Int, 2016, 27:
2217–2222.
2. Sharma G, Gn KK, Khatri K, Singh R, Gamanagatti S, Sharma V. Morphology of
the posteromedial fragment in pertrochanteric fractures: a three-dimensional
computed tomography analysis. Injury, 2016, 48: 419–431.
3. Socci AR, Casemyr NE, Leslie MP, Baumgaertner MR. Implant options for the
treatment of intertrochanteric fractures of the hip: rationale, evidence, and
recommendations. J Bone Joint Surg Br, 2017, 99: 128–133.
4. Klinger HM, Baums MH, Eckert M. A comparative study of unstable per-and
intertrochanteric femoral fractures treated with dynamic hip screw (DHS) and
trochanteric butt-press plate vs. proximal femoral nail (PFN). Zentralbl Chir, 2005,
130: 301–306.
5. Kulkarni SG, Babhulkar SS, Kulkarni SM, Kulkarni GS, Kulkarni MS, Patil R.
Augmentation of intramedullary nailing in unstable intertrochanteric fractures using
cerclage wire and lag screws: a comparative study. Injury, 2017, 48: 18–22.
6. Mtiller ME. Classification and intemational AO—documentation of femur
fractures. Unfallheilkunde, 1980, 83: 251–259.
7. Gross JB. Estimating allowable blood loss: corrected for dilution.
Anesthesiology, 1983, 58: 277–280.
8. Fogagnolo F, Kfuri M Jr, Paccola CA. Intramedullary fixation of pertrochanteric
hip fractures with the short AO-ASIF proximal femoral nail. Arch Orthop Trauma
Surg, 2004, 124: 31–37.
9. Ma CH, Tu YK, Yu SW, Yen CY, Yeh JH, Wu CH. Reverse LISS plates for
unstable proximal femoral fractures. Injury, 2010, 41: 827–833.
10. Guerado E, Cruz E, Cano JR. Bone mineral density aspects in the femoral
neck of hip fracture patients. Injury, 2016, 47: 21–24.
11. Guven M, Kocadal O, Akman B, Poyanli OS, Kemah B, Atay EF. Proximal
femoral nail shows better concordance of gait analysis between operated and

uninjured limbs compared to hemiarthroplasty in intertrochanteric femoral
fractures. Injury, 2016, 47: 1325–1331.
12. Kulkarni G, Limaye R, Kulkarni M, Kulkarni S. Intertrochanteric fractures.
Indian J Orthop, 2006, 40: 16–23.
13. Jonnes C, Sm S, Najimudeen S. Type II intertrochanteric fractures: proximal
femoral nailing (PFN) versus dynamic hip screw (DHS). Arch Bone Joint Surg,
2016, 4: 23–28.
14. Bojan AJ, Beimel C, Taglang G, Collin D, Ekholm C, Jönsson A. Critical
factors in cut-out complication after gamma nail treatment of proximal femoral
fractures. BMC Musculoskelet Disord, 2013, 14: 1–6.
15. Li S, Chang SM, Niu WX, Ma H. Comparison of tip apex distance and cut-out
complications between helical blades and lag screws in intertrochanteric
fractures among the elderly: a meta-analysis. J Orthop Sci, 2015, 20:
1062–1069.
16. Huang H, Xin J, Ma B. Analysis of complications of intertrochanteric fracture
treated with Gamma 3 intramedullary nail. Int J Clin Exp Med, 2014, 7:
3687–3693.
17. Ciufo DJ, Zaruta DA, Lipof JS, Judd KT, Gorczyca JT, Ketz JP. Risk factors
associated with cephalomedullary nail cutout in the treatment of trochanteric hip
fractures. J Orthop Trauma, 2017, 31: 583–588.
18. Lee YK, Ha YC, Choi HJ, et al. Bisphosphonate use and subsequent hip
fracture in South Korea. Osteoporos Int, 2013, 24: 2887–2892.
19. Paul O, Barker JU, Lane JM, Helfet DL, Lorich DG. Functional and
radiographic outcomes of intertrochanteric hip fractures treated with calcar
reduction, compression, and trochanteric entry nailing. J Orthop Trauma, 2012,
26: 148–154.
20. Karayiannis P, James A. The impact of cerclage cabling on unstable
intertrochanteric and subtrochanteric femoral fractures: a retrospective review of
465 patients. Eur J Trauma Emerg Surg, 2019, 5: 373–379.

115
ORTHOPAEDIC SURGERY

VOLUME 12 • NUMBER 1 • FEBRUARY, 2020
INTRAMEDULLARY NAIL WITH PLATE OR WIRE


	 A Comparative Study of Intramedullary Nail Strengthened with Auxiliary Locking Plate or Steel Wire in the Treatment of Uns...
	Introduction
	Data and Methods
	Inclusion and Exclusion Criteria
	General Information
	Surgical Method
	Evaluation Index
	Blood Loss
	Baumgaertner Standard
	Fracture Healing Standard
	Harris Hip Score (HHS)
	Collodiaphyseal Angle

	Statistical Method

	Results
	Perioperative Situation
	Follow-up Results
	Image Evaluation

	Discussion
	References


