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Abstract

surgery (P < 0.001).

were satisfactory, which was worthy of clinical application.

Background: This study aimed to explore the effect of the treatment through autologous fibula graft and hollow
needle fixation to treat femoral head cutting after dynamic hip screw (DHS) fixation.

Methods: A total of 41 patients were admitted to the department of orthopedic trauma and received DHS fixation.
Preoperative and postoperative harris score of hip function, limb shortening length and collodiaphysial angle between
operation group (n = 11) and non-operation group (n = 13) were compared.

Results: There was no difference between the two groups before surgery (P> 0.05). There was a difference between
the preoperative and postoperative in the operation group (P < 0.05). The excellent and good rate of the hip function
score in patients 6 months after the operation was 55.6%. In the operation group, the hip function score increased after
surgery (P < 0.001). Except for two groups of patients before operation, there was a difference in the limb shortening
length and collodiaphysial angle between the operation group and non-operation group in other time points after

Conclusion: The application of the autogenous fibula graft and hollow nail fixation was effective in treating femoral
head cutting after DHS fixation, and patients’ subjective evaluation and objective indicators’ outcomes of follow up

Keywords: Atogenous fibula graft, Dynamic hip screw plate, Femoral head cutting, Intertrochanteric fracture

Background

Dynamic hip screw fixation (DHS), or sliding hip screw
fixation, has been the most common internal fixation for
intertrochanteric fractures (ITF). The system has been
first designed by Pohl in 1951 and applied by Schumpe-
lik in 1955 [1]. Since 1970, it has been widely used glo-
bally and was refined by the Swiss Society of Internal
Fixation later, with a short abbreviation as DHS. At
present, DHS has been recognized as the gold standard
for stable ITF treatment, with features such as firm fix-
ation, easy-to-perform and confirmative efficiency [2—4].
As its wide application, some accompanying failures
such as femoral head cutting, fracture translocation due
to too much hip screw sliding, fracture unhealing, and
injured limb shortening [5, 6].
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The treatment of coxa varus deformity due to femoral
head cutting after DHS fixation has been a difficult clin-
ical problem. A total of 1685 patients with ITF were
admitted to the Department of Orthopedic Trauma of
our hospital and received DHS fixation from March
2007 to March 2015. In these patients, 41 cases had fem-
oral head cutting, 11 of whom had autogenous fibula
graft plus hollow nail fixation treatment and had satis-
factory results. We retrospectively investigated the effect
of autogenous fibula graft and hollow needle fixation in
treating the femoral head cutting after the DHS fixation
and reported as follows (Fig. 1).

Methods

Participants

A total of 1685 patients with ITF were admitted to the
Department of Orthopedic Trauma of our hospital and
received DHS fixation from March 2007 to March 2015.

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s13018-019-1521-2&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:sunyan19790806@163.com

Sun et al. Journal of Orthopaedic Surgery and Research (2020) 15:11 Page 2 of 11

Fig. 1 a DHS fixation of femoral intertrochanteric fracture failed. DHS screws appear cut and the nail tail protrudes from the femoral head. The
length of the limb becomes shorten and the neck dry angle smaller. b Autogenous fibula graft and cannulated screw fixation to cephalic cut out
after DHS Fixation. Fracture reduction will be performed after DHS is removed. Measure and correct the required fibula length to match the
diameter of the remaining nail canal. ¢ Femoral intertrochanteric fracture reduced again. Hip varus recovers well and the hollow nails are in a

good position

There were 739 male patients and 946 female ones, aged
between 23 and 96 years old (mean 70.1 years), and their
clinical data were retrospectively collected. Operations
were conducted in strict accordance with standard DHS
fixation operation method, and the location of internal
fixation was affirmed under the C arm fluoroscopy. After
the operation, patients could walk with crutches (4
weeks later), had weight-bearing exercise (8 weeks later)
(Fig. 2). They were followed up for 6 to 24 months, and
their X-ray films at preoperative, postoperative, and
follow-up periods were collected. Among the patients,
9.44% patients had internal fixation failure (159/1685
cases), and all patients suffered different levels of the hip
joint pain, limb shortening, lameness, and limitation of
joint activities, etc. in the injured side. In those failure
cases, there were 41 cases had femoral head cutting
(2.43%) during DHS fixation, from whom 11 patients
took autogenous fibula graft plus hollow nail fixation
treatment, 17 patients treated with an artificial hip re-
placement, and 13 patients gave up treatment.

In the autogenous fibula graft and hollow nail fixation
operation group, there were 11 patients including 4 male
patients and 7 female ones, aged between 43 to 78 years
old (mean 67.2 years). There were ITF on the left side (3
cases) and the right side (8 cases). According to the
Evans classification [7], the cases could be divided into
type I (0 case), type II (2 cases), type III (3 cases), type
IV (4 cases), and type V (2 cases). While according to
the Singh classification [8], their osteoporosis condition
could be classified as level I (6 cases), level II (1 case),
level III (2 cases), level IV (1 case), and level V (1 case).
There were different causes for the injury, including traf-
fic accident injury (2 cases), high falling injury (1 case),
and being hurt when walk or bike riding (8 cases). More-
over, the patients accompanied with some chronic dis-
eases, such as high blood pressure (10 cases), heart
disease (6 cases), diabetes (3 cases), pulmonary insuffi-
ciency (2 cases), and sequelae of cerebral embolism (2
cases). The clinical data table of operation group and
non-operation groups of patients were seen in Table 1.

Fig. 2 Patient, male, 68 years old, had a history of right femoral neck fracture with parallel femoral head replacement. a 1 day after the fall, he
was admitted to the hospital. The left femur intertrochanteric fracture, the left lower extremity was shortened by 3 cm. b The left side DHS
fixation was performed 5 days after admission, and the fracture reduction was slightly worse. ¢ 142 days after DHS fixation, left hip varus
deformity, limb shortening, DNS screw cutting, nail tail protruding femoral head
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Table 1 Clinical data table of two groups of patients (n = 24)
Indicators Types Harris score of hip joint function
Operation group (n=11) Non-operation group (n=13)
>70 <70 X2 P >70 <70 X2 P
Sex Male 0 4 0629 0428 1 4 0.043 0.835
Female 1 6 2 6
Parts Left 1 2 2933 0.087 2 4 0.660 0416
Right 0 8 1 6
Evans classification I 0 0 3.091 0636 0 0 3.780 0427
Il 0 2 1 0
Il 1 2 1 2
% 0 4 1 5
\% 0 2 0 3
Singh classification I 0 6 5944 0455 1 4 0.706 1.000
Il 0 1 1 4
Il 1 1 1 2
[\ 0 1 0 0
\% 0 1 0 0
Cause of injury Low energy 1 8 0.244 0621 2 10 3611 0.057
High energy 0 2 1 0
DNS fixed point Upper 1/3 0 4 1.861 1.000 0 2 1376 0.738
Middle 1/3 0 3 1 5
Lower 1/3 1 3 2 3
Nail tail position Not out of the femoral head 1 3 1.925 0.165 0 8 6.240 0.012
Out of the femoral head 0 7 3 2

After the DHS fixation operation, some patients re-
admitted to the hospital in 95.3 days (59-137 days) due
to hip pain, and various degrees of coxa varus deformity
with limb shortening from 0.9 to 3.6 cm (mean 2.45 cm).
In these patients, they had DNS screw been fixed at the
upper 1/3 (4 cases), middle 1/3 (3 cases), and lower 1/3
(4 cases) of their femoral neck. The distance from the
end of DNS screw to the top tip of the femoral head was
between 1.0 and 2.8 cm (mean 1.78 cm), and there were
4 cases with a screw not penetrating the femoral head,
and 7 ones with screw penetrating the femoral head.

Pre-operative preparations

All patients were hospitalized for 3 to 7 days before
surgery (mean 3.80 days). Their operation tolerance was
comprehensively evaluated, and those patients with
hypertension, heart disease, diabetes, and lung dysfunction
received antihypertensive, hypolipidemic, hypoglycemic
therapy, etc. to control their blood pressure to be less than
150/90 mmHg and blood glucose lower than 8 mmol/L
after consultation with the department of internal medi-
cine. Each preoperative examination was completed and
heart arrhythmia was controlled. Anemia, water, and elec-
trolyte disorder, as well as acid and alkali imbalance, were

corrected. Those patients accompanied with cardiovascu-
lar diseases received ECG monitoring during and after
surgery. Antibiotics were administered to prevent infec-
tion in 30 min before surgery.

Surgical approach

General or epidural anesthesia was performed. The pa-
tient was in a supine position on a traction bed under
the guidance of C-arm X-ray fluoroscopy. A longitudinal
incision was made at the skin of lateral thigh at the great
trochanter site, then to the one-third of the posterior
greater trochanter via the top tip of the greater trochan-
ter and moved down about 10 to 15 cm long. Skin, sub-
cutaneous tissue, the deep fascia, and tensor fascia was
cut in sequence to expose the vastus lateralis muscle.
The bone of the upper segment of the lateral femur was
exposed via the posterior vastus lateralis muscle. After
DHS screw was completely removed, tissues along anter-
ior and posterior femoral trochanter were separated
until the fracture site and the connective tissue around
which was removed. Manual relocation of fracture end
was made after tissue release, and part of the middle glu-
teal muscle and muscle group involved in the internal
rotation could be dissected when difficulty occurred
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during the relocation. When the relocation was satisfied,
two Kirschner needle (size 2.5 mm) was inserted to fix
the fracture. To measure the length of the fibula needed
for the cavity from the site of the needle into femur tro-
chanter to the femoral head. The middle ipsilateral fibula
was obtained and its diameter was pruned to match the
size of the needle pathway, ensuring their close contact.
The position of the Kirschner needle was adjusted to
form a triangle to the fibula. Then, drilling was made
and two hollow nails (size 7.3 mm) were screwed inside,
the tail of which was about 1 cm distance from the tip of
the femur. After confirmation of X-ray fluoroscopy, the
incision was washed, meanwhile, hemostasis was made
and a negative pressure drainage tube was placed. The
incision was sutured layer by layer and closed finally.

Fibula obtainment

An incision (10-12 cm) was made on the lateral side of
the up-middle part of the leg, extending downward (3—4
cm below the fibular head) along the longitudinal axis of
the fibula. The deep fascia was exposed to the fibula
from the muscle gap between the musculus peroneus
brevis and longus and soleus. The lateral side of the fib-
ula was exposed after the separation of the musculus
peroneus brevis and longus and the surrounding fascia.
The starting points of the musculus peroneus brevis and
longus were separated and a little extra periosteal tissue
was preserved carefully. The partial fibula (8—10 cm) was
cut (5-7cm under the fibular head), and its cutting
length was determined to meet the need for measure-
ments with a navigator. After the truncation of the fibula
from the proximal and distal end, then the fibula is
pulled outside, and the attachment point of the muscu-
lus extensor digitorum to the fibula was separated to ex-
pose the interosseous membrane. Then, the interosseous
membrane was cut off to expose the peroneal vessel.
The peroneal vessel was cut and its distal part was li-
gated. The fibula was pulled anteromedially, and the at-
tachment of the flexor digitorum longus on the fibula
was removed. Then the fibula was washed with saline
and wrapped with a gauze pad soaked in the saltwater
for further usage.

Post-operative treatment

Antibiotics were administered for 2—3 days after the sur-
gery to prevent infection and regulate the water and
electrolyte balance. The distal end of the injured limb
was elevated after the surgery and the negative pressure
drainage tube was removed after 48—72 h. The dressing
was changed in regular and the suture of incisions was
removed 14 days later. The limb was in an abduct neu-
tral position or received transcutaneous traction and fix-
ation quadriceps for 2weeks, and then the femoris
received active static contraction exercises. Patients had
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CPM functional training after 4 weeks. X-ray examin-
ation in the 12th week after surgery suggested forming a
callus, and patients could walk with crutches and do
some weight-bearing activities. Half of a year later, X-ray
recheck showed fracture healing and patients could walk
without crutches.

Observation and efficiency evaluation criteria

General operative conditions including the operation
time, the amount of intraoperative bleeding, and the
length of operative incision were recorded. Post-
operative recheck was administered regularly, and frac-
ture’s healing time was recorded. The efficiency was
evaluated based on the X-ray and the Harris score [9] of
hip joint function in 1, 3, and 6 months after the oper-
ation. Harris score was calculated in terms of pain, func-
tion, deformity, and bone joint activity: (1) excellent
when the score was between 91 and 100. The fracture is
healed completely, with no pain in the hip and recovered
bone joint functions; (2) good when the score was be-
tween 81 and 90. The fracture is healing, with hip pain
occasionally and mostly recovered bone joint functions;
(3) middle when the score was between 71 and 80. The
fracture is healing, with hip pain sometimes, hip varus,
and limited bone joint function is (4) poor when the
score was under 70 points, the fracture is malformed or
unhealed, with hip pain, and disability of walking.

Statistical analysis

All statistical analyses were performed with SPSS soft-
ware (version 17.0). Numeric data was represented by
the number of examples, and y2 or Fisher’s test was used
for comparison between groups. While measurement
data was represented as x * s, and independent sample ¢
test was conducted for variables’ comparison. Repeated
measurement data analysis of variance was performed to
compare those variables at different time points. o value
equal to 0.05 was treated as the test level, and P value
less than or equal to 0.05 was regarded as a statistically
significant difference.

Results

The length of hospital stay of 11 patients in the oper-
ation group ranged from 9 to 18 days (mean 13.6 days).
The hip operation and the fibula resection were per-
formed at the same time. The operation time was be-
tween 75 and 145 min (mean 98.2 min). The incision
length of hip operation was between 11 and 15cm
(mean 12.7cm). The amount of dominant operating
bleeding was between 260 and 400 ml (mean 345.5 ml).
There was no bleeding transfusion, and no death case
due to surgery. Post-operative X-ray test showed that
fracture replacement and internal fixation were well. All
patients were followed up for 14 to 28 months (mean 19
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months). No complications such as incision infection,
pneumonia, and deep venous thrombus occurred. Two
patients died from cardiocerebral and pulmonary dis-
eases in 2 and 5 months after the operation. All patients
had clinical healing time for 6 to 11 months (mean 8.1
months), with no screw breakage. There was one case
with screw loosening and withdrawal, nine cases with
complete healing, two cases with incomplete healing,
and one case with femoral head necrosis. The Harris
score of hip function in nine patients 6 months after the
operation was excellent in one case, good in four cases,
middle in three cases, poor in one case, and the excellent
and good rate was 55.6%. In the operation group, the
hip function score increased significantly after surgery
more than that score before surgery, with a statistically
significant difference. The comparison of hip function
score between two groups of patients before and 6
months after operation were seen in Table 2.

The comparison of pre-operative and post-operative
limb shortening length and the collodiaphysial angle be-
tween the two groups were seen in Table 3. There was
no significant difference in the limb shortening length
and collodiaphysial angle between the operation group
and the non-operation group (P > 0.05). There was a sig-
nificant difference between the preoperative and postop-
erative limb shortening length and collodiaphysial angle
before and after surgery. There was an interactive effect
between the preoperative and postoperative time and
groups.

Preoperative and postoperative limb shortening length
and collodiaphysial angle between two groups were com-
pared and the results were shown in Table 4. There was
no significant difference in the limb shortening length
and collodiaphysial angle between the operation group
and non-operation group. There was a significant differ-
ence between the preoperative and postoperative limb
shortening length and collodiaphysial angle. There was
an interaction effect between the preoperative and post-
operative time and groups (Figs. 3, 4, 5, and 6).

Limb shortening length and collodiaphysial angle of
patients were compared with those in the non-operation
group in 6 months after the operation. The length of
limb shortening in the operation group was higher

Table 2 The comparison of hip function score between two
groups of patients before and 6 months after operation (n = 21)

Groups Harris score  Before 6 months  x2 P

of hip joint  the after the

function operation  operation
Operation group > 70 1 7 4197 0.040
(=9 <70 8 2
Non-operation >70 3 1 1.200 0273
group (n=12) <70 9 .
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before the operation and decreased after the operation,
increased slightly in 3 months and 6 months after the
operation. Collodiaphysial angle was reduced before the
operation, increased after the operation, and decreased
slightly in 3 months and 6 months after the operation.
There was a significant difference in the limb shortening
length and collodiaphysial angle among different time
points. While no significant difference in the limb short-
ening length and collodiaphysial angle was found in the
non-operation group among different time points before
and after surgery. For all time points, except for two
groups of patients before operation, there was a signifi-
cant difference in the limb shortening length and collo-
diaphysial angle between the operation group and non-
operation group in other time points. The length of limb
shortening and the neck dry angle of the patients in the
6 months after operation were compared with those in
the non-operation group were seen in Table 5.

Discussion

Femoral intertrochanter fracture is a kind of fracture
that occurs at the basilar part of the femoral neck and
the area within 5cm distance below the femoral lesser
trochanter. It is an extracapsular fracture of the hip joint
and could occur at any age of adults, especially the el-
ders [10]. The hip fracture of youths, mainly cleft or
pulverize type, is common due to high energy injury,
while hip fracture of elders is more often by low energy
injury. Femoral trochanter fracture accounts for about
21% of whole-body bone fractures in the elders, with
male vs female ratio about 1:3 [11]. Following the aging
population, the incidence of intertrochanter fractures in-
creases due to osteoporosis, physical coordination de-
cline, etc. [2, 12]. For most elder patients concurrent
with osteoporosis and different degrees of internal medi-
cine diseases, conservative treatment for intertrochanter
fractures costs a long time on bed, and it could easily
lead to cardiovascular diseases, hypostatic pneumonia,
deep vein thrombosis, bedsore, and other complications,
with mortality as high as 15-20% [10, 13]. Therefore,
surgical treatment is often performed for intertrochanter
fractures except for a few patients with worse
conditions.

Since its application by Callender in the USA in 1967,
DHS has become the standard internal fixation method
for femoral trochanter fractures, which is the most rep-
resentative treatment of the intertrochanter fractures at
present [1, 14]. DHS is composed of compressed screws
with sliders and side plates with sliding-grooved sockets.
The upper part fixes the proximal fractures by the lag
screws on the neck of the femur, to extend the length of
proximal fractures and effectively hold them. The other
end fixes the far end of the fracture with a steel plate
structure, both of which are connected through the
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Table 3 Comparison of the length of limb shortening and neck dry angle between the two groups of patients before and after the

operation (n = 24)

Groups Indicators Before the operation After the operation Sum F P
(x +£5) (x+5)

Operation group Length of limb shortening neck 254+0.74 1.23+050 1.88+ 091 23425 0.000
(n=11) dry angle 101.8+7.74 1220+ 5.04 1119+12.14 52486 0.000
Non-operation group Length of limb shortening neck 215+072 215+072 2.15+0.70 0.000 1.000
(n=13) dry angle 1059 +8.05 1059 +8.05 105.8 +7.89 0.000 1.000
Sum (n=24) Length of limb shortening neck 233+0.74 1.73+0.77 73.674 0.000

dry angle 1040+ 801 1133+ 1060 114.662 0.000
t Length of limb shortening neck 1.303 3564 0.967 F=7374

dry angle 1.243 5.981 4428 F=114662
P Length of limb shortening neck 0.206 0.002 0.336 P=10.000

dry angle 0.227 0.000 0.047 P =0.000

sleeve, and the stress borne by the femur is transmitted
to the solid bone cortex in the middle of the femur to
prevent the internal turnover of the hip [15-17]. The
nail-plate structure of DHS conforms to the require-
ments of the hip biomechanics, which has a dual role
both in the static and dynamic pressure, making it
strongly fixed, so that patients could have quadriceps-
femoris-muscle contraction and ankle exercise quite
right in the early period post-operation [18, 19]. What
is more, less interference will the internal fixation make
in the bone marrow cavity, reducing the occurrence of
complications such as fat embolism. In addition, the
DHS is a kind of internal fixation device made of titan-
ium alloy, the elastic modulus of which is close to the
bone tissues, bringing good histocompatibility and high
ability to resist fatigue and corrosion. It could be kept
in the human body for a long time and is one of the
first-choice internal fixator for clinical treatment of ITF
at present [2, 20].

The sliding screws and side plates of the DHS in-
ternal fixator are firmly fixed to the proximal end of
the fracture with strong flexural strength, better

medial support effect, thus being positive for hip frac-
ture treatment [3, 4, 21]. However, in clinical applica-
tion, concerning the effect of patients’ ages, fracture
types, reduction effects, and fixed positions, DHS fix-
ation might bring complications such as screws break-
ing through the femoral head, screws cutting femoral
head, coxa vara, screws loosening, and steel plates
pulling out [5, 22-24]. It is generally believed that
DHS is suitable for the treatment of stable ITF. But
for the comminuted unstable ITF, DHS fixation is
prone to bringing screws cutting down the femoral
head, which leads to complications such as fracture
non-union or malunion [25]. According to the litera-
ture, the failure rate of the DHS internal fixation in
the unstable ITF was as high as 10 to 16%, and could
be 24% to 56% especially in reverse ITF [19, 26].
Causes of femoral head cutting in DHS fixation were
as follows: (1) the defects of DHS: because of the single
screw fixation, DHS had poor rotational resistance,
which is easy to cause screw loosening due to shear
force and rotation generated by hip activity, resulting in
the femoral head cutting. In addition, DHS is a kind of

Table 4 The length of limb shortening and the neck dry angle of the patients in the 3 months after operation were compared with

those in the non-operation group (n =22)

Groups Indicators Before the operation  After the operation 3 months after the ~ Sum F P
("x*59) (x=*59) operation ((x+)
Operation group  Length of limb shortening 249+ 0.77 1.18+0.50 1.26 +£0.53 1.64+0385 14488  0.000
(n=10) neck dry angle 101.50 +£8.09 121.00 £ 4.00 120.00 +3.83 11417 £1063 37660  0.000
Non-operation Length of limb shortening 208 +0.70 208+0.70 2294063 2151067 0409  0.668
group (n=12) neck dry angle 104.83+7.49 104.83 +7.49 10117+ 6.31 103.61+7.13 1.061 0.358
Sum (n=22) Length of limb shortening  221+0.73 1.70+0.77 1.83+0.79 35922  0.000
neck dry angle 103.81+7.60 11200+ 1042 10948 +11.12 46.173  0.000
t Length of limb shortening  1.323 3373 4.134 3.630 F=60.173
neck dry angle 1.002 6452 8612 16.564 F=95.068
P Length of limb shortening 0201 0.003 0.001 0.071 P=0.000
neck dry angle 0328 0.000 0.000 0.001 P=0.000
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Fig. 3 Patient, male, 72 years old, left femoral intertrochanteric fracture, 109 days after DHS fixation. CT scan showed left hip varus deformity and
limb shortening. DNS screw appeared to cut and nail tail protruded femoral head. a hip CT coronal position, b hip joint CT level

extramedullary fixation. The distance between the fem-
oral head and the steel plate is long. Due to the long
arm force and large bending distance, it was easy to
cause complications such as fatigue fracture and exit of
screws and steel plates [22, 27]. In 11 failure cases of the
operation group, 2 cases were caused by the lack of rota-
tional resistance which femoral head cutting occurs. At
present, we have partially improved the operative way of
DHS for the treatment of ITF. A 7.3-mm hollow nail

[ —

Fig. 4 One week after autologous iliac bone graft and cannulated
screw fixation. The left hip varus was well reset and the position of
the cannulated nail was good. The transplanted humerus (the hip X-
ray anterior piece) was seen in the bone channel after the DNS
screw was removed

was added above the fixed screw in DHS to increase the
rotational resistance and prevent screw loosening. (2) In-
jury of ITF itself: because of the deossification in the
posteromedial femoral neck, the compressive stress was
difficult to conduct through the calcar femorale. Besides,
the compressive stress increases 5 to 10 times when the
DHS fixed, easily lead to femoral head cutting. Further-
more, the fracture line was parallel to the pulling force
when ITF happens, which means no stress support was
provided when DHS fixed, making the fracture easy to
shift [23, 28, 29]. Four cases from the 11 failure cases
that had femoral head cutting had ITF. (3) Improper lo-
cation or length of screws: the weak cavity formed under
the junction of tension line and pressure line of femoral
head and neck was called Ward triangle. It was mostly
filled with fat tissue in the elderly due to osteoporosis
[13]. If the fixed position of the screw is on the upper
part, the screw was easily cut after bearing weight, which
led to the nailhead pouch out of the femoral head. If the
length of the screw was too short, the nail tail could be
placed in the Ward triangle, not being fixed under the
femoral head cartilage to play an effective role in pres-
sure fixation, and it was also easy to cut femoral head
[30-33]. In the 11 failure cases of the operation group, 4
cases of screw position were on the upper part, and 3
cases of screws were too short. Aicale R’s group con-
firmed that to avoid the risk of mobilization of the ceph-
alic screw and possible subsequent failure of the
construct, surgeons should strive for a tip-apex distance
(TAD) and calcar referenced TAD (CalTAD) less than
25 mm and the sum of both (TADcalTAD) less than 50
mm when using intramedullary fixation [Aicale, 2018
#58). (4) Insufficient replacement in the operation: insuf-
ficient replacement could lead to small size in collodia-
physeal angle, increasing the shear force the screw
suffered and causing the cutting of the femoral head
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lateral slice

Fig. 5 Three months after autologous iliac bone graft and cannulated screw fixation. The left hip varus was well restored, the position of the
cannulated nail was good, the fracture line was blurred and the humeral bone shadow was observed. a hip X-ray anterior piece, b hip joint X-ray

easily [22, 34]. There were four cases with a small collo-
diaphyseal angle in the 11 failure cases of the operating
group. (5) The improper postoperative care [35]: in 11
failed cases of operation group, 3 patients fixed unsuc-
cessfully for walking without crutches after 3 months
lacking the agreement of the doctor. (6) Patients

themselves: some sicknesses like osteoporosis and
chronic diseases in the heart, brain, lungs, etc. in the old
people affected the fracture healing [34].

The treatment of the cutting of the femoral head after
DHS fixation has been a difficult clinical problem. We
used autogenous fibula graft and hollow needle fixation

Fig. 6 Six months after autologous iliac bone graft plus cannulated screw fixation, left hip joint reduction, cannulated nail fixation, blurred
fracture line, blurred humeral bone, and good fracture healing. a hip X-ray anterior piece, b hip joint X-ray lateral slice
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Table 5 The length of limb shortening and the neck dry angle of the patients in the 6 months after operation were compared with

those in the non-operation group (n=21)

Groups Indicators Before After 3 months after the 6 months after the  Sum F P
operation Operation operation ("x+5s)  operation ("x+£5)
(x=*5) ("x+x5s)
Operation group  Length of limb shortening 240+0.76 1.19+053 1.21+£053 1.27£051 1.52+0.77 8919  0.000
(n=9) neck dry angle 10244 +£797 12156 +3.81 120.56 + 3.61 11700+ 224 11539+9.08 29334 0.000
Non-operation Length of limb shortening  2.08 +0.70 208+0.70 2294063 239+ 060 2114065 0700  0.557
group (n=12) neck dry angle 104.83+749 10483+749 101.17+£6.31 99.58 +£5.58 10260+695 1845 0.153
Sum (n=21) Length of limb shortening 221+0.73 1.70+£0.77 1.83+0.79 191+£0.79 35922 0.000
neck dry angle 103.81+7.60 11200+£1042 10948+ 11.12 107.05+9.86 46.173  0.000
t Length of limb shortening 1.016 3.162 4.165 4471 6.609 F=60.809
neck dry angle 0.704 6.667 8.233 9.808 27.084 F=71327
P Length of limb shortening 0.322 0.005 0.001 0.000 0.019 P=0.000
neck dry angle 0490 0.000 0.000 0.000 0.001 P=0.000

to treat 11 cases of the femoral head cutting after the
DHS fixation. The Harris hip joint score was improved
after the operation (55.6% was good and excellent in
function after the operation, and 77.8% was higher than
70 scores). The shortening length of limb and the
change of the neck-shaft angle were significantly im-
proved after operation compared with that before the
operation. The shortening of the limb length and the
change of the neck-shaft angle of the patients who were
operated 3 and 6 months ago were slightly more serious
than that before operation by virtue of the weight-
bearing activities of the affected limb. But the curative
effect was better than that of the patients without the
operation. The advantages of the surgical method were
those: (1) firm resetting and fixation: the DHS screw was
thick, and the nail canal occupied a larger part of the
femoral neck so that the intramedullary screws such as
pen failed to be used for fixation. Fibula graft could play
a role in resisting shearing force. Hollow needles with a
smaller diameter (7.9 mm) were used to strengthen the
fixation strength. The affected limbs were protected after
operation by utilizing lateral, adduction and flexion ex-
ternal rotation position [36]. (2) Filling the cavity of the
femoral neck nail canal: after the DHS screw was taken
out, the femoral neck was left with a nail canal between
10 and 12 mm, which caused the bone defect, influen-
cing the fracture healing and the fixation strength. The
fibula could fill the femoral neck cavity and enhance the
stability of fixation when the diameter of the fibula was
the same as that of the nail canal after proper pruning.
In addition, the bone cortex of the fibula was firm, and
the cavity could be immediately provided with strong
support after local fixation of it. The fibula was inte-
grated with the surrounding bone tissue in the healing
via bone remodeling, and the bone debris generated by
the fibula graft could fill the small gap between the sur-
rounding of the fibula and the cancellous bone, eliminat-
ing the dead space, and strengthening the repairing
ability of the femoral head [37]. (3) Shortening the

healing time, promoting early functional exercise: using
autogenous fibula graft, bone marrow stromal stem cells
and cytokines contained in living fibular bone marrow
cavity could differentiate into bone cells, cartilage cells,
and vascular endothelial cells, promote fracture healing,
shorten healing time, and reduce the incidence of de-
layed union or non-union. The patients of the operation
group had a clinical healing time of 5-8 months (mean
6.8 months). In our department, a neutral fixed frame
with an abduction position of the affected limbs was
used for 2 weeks after the operation, and CPM function
exercise was feasible 4 weeks after the operation. (4) Re-
duction of femoral head necrosis: the failure of DHS fix-
ation led to femoral head cutting, which was prone to
cause the necrosis of femoral head due to the severe
damage of femoral head and blood transportation. Fibula
graft could be used to fill the cavity of the femoral head
and promote its repairment. After transplantation, the
graft could reptile, replace and repair, and integrate with
the surrounding tissue to heal and reduce the incidence
of necrosis of the femoral head. In the 11 patients of the
operation group, the fractures of 2 patients failed to heal
completely, 1 of which suffered from femoral head ne-
crosis for the patient had severe osteoporosis and vari-
ous chronic diseases, affecting the fracture healing. (5)
Exerting little effect on the function of the lower limbs:
fibula graft is chosen to cut out the middle part of the
fibula, the length of which was about 8—10 cm. Conse-
quently, the function of the lower limbs was not affected
after the operation. When callus was formed 12 weeks
later, part of the weight-bearing exercise could be taken
part in. When fracture healed 12 months later, they
could undergo weight-bearing walk without sticks and
the shanks had no motor dysfunction. (6) Short length
of hospital stay and low cost: the treatment of femoral
head cutting with artificial femoral head replacement is
good, but some patients need to change the femoral
head. After the application of autogenous fibula graft
and hollow needle fixation, the length of hospital stay
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was shorter, the cost was lower, and the fracture healed
completely without reoperation.

Conclusion

In conclusion, the application of the autogenous fibula
graft and hollow nail fixation was effective in treating
femoral head cutting after DHS fixation, and patients’
subjective evaluation and objective indicators’ outcomes
of follow up were satisfactory, which was worthy of clin-
ical application. However, when choosing operative
methods, age and chronic diseases should be considered
comprehensively. The long-term effects of this operative
method and the comparisons with other methods’ ad-
vantages and disadvantages still need further clinical
follow-up study and statistical analysis.

Abbreviations
DHS: Dynamic hip screw fixation; ITF: Intertrochanteric fractures

Acknowledgements
Not applicable.

Authors’ contributions

YS and TH conceived and coordinated the study, designed, performed, and
analyzed the experiments, and wrote the paper. HYH, ZWS, JBG, ZLC, and
BJB carried out the data collection, data analysis, and revised the paper. All
authors reviewed the results and approved the final version of the
manuscript.

Funding

This study was funded by a grant from Shandong medical and health
science and technology development program project (award number
2018WS033 and 2018WS035).

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

This study was supported by the ethic committee of Yantaishan Hospital.
Informed consent was waived by the committee because of the
retrospective nature of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 3 August 2019 Accepted: 17 December 2019
Published online: 15 January 2020

References

1. Krueger P, Wischhofer E, Oberniedermayr M, Schweiberer L. Dynamic hip
screw. Der Chirurg; Zeitschrift fur alle Gebiete der operativen Medizen. 1985;
56(1):9-15.

2. Willoughby R. Dynamic hip screw in the management of reverse obliquity
intertrochanteric neck of femur fractures. Injury. 2005,36(1):105-9.

3. LiH, Zhang Y. Research advance of dynamic hip screw internal fixation in
treatment of intertrochanteric fractures. Zhongguo xiu fu chong jian wai ke
za zhi = Zhongguo xiufu chongjian waike zazhi. 2005;19(10):839-42.

4. Leung F, Gudushauri P, Yuen G, Lau TW, Fang C, Chow SP. Dynamic hip
screw blade fixation for intertrochanteric hip fractures. J Orthop Surg. 2012;
20(3):302-6.

5. Zhang C, Wang PJ, Ruan DK, He Q, Ding Y, Hou LS, Wang YZ. Complications
of surgical treatment for femoral intertrochanteric fractures using dynamic
hip screw. Zhongguo gu shang. 2009;22(8):624-6.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 10 of 11

Said GZ, Farouk O, El-Sayed A, Said HG. Salvage of failed dynamic hip screw
fixation of intertrochanteric fractures. Injury. 2006;37(2):194-202.

Evans EM. The treatment of trochanteric fractures of the femur. J Bone Joint
Surg British Vol. 1949;31B(2):190-203.

Singh M, Riggs BL, Beabout JW, Jowsey J. Femoral trabecular pattern index
for evaluation of spinal osteoporosis. A detailed methodologic description.
Mayo Clin Proc. 1973;48(3):184-9.

Linclau L, Dokter G, Debois JM, Gutwirth P. The influence of radiation
therapy on the Harris hip score in cementless total hip arthroplasty. Acta
Orthop Belg. 1995,61(1):48-52.

Barros JW, Ferreira CD, Freitas AA, Farah S. External fixation of
intertrochanteric fractures of the femur. Int Orthop. 1995;19(4):217-9.

Fox KM, Cummings SR, Williams E, Stone K, Study of osteoporotic F.
Femoral neck and intertrochanteric fractures have different risk factors: a
prospective study. Osteoporos Int. 2000;11(12):1018-23.

Baumgaertner MR, Curtin SL, Lindskog DM. Intramedullary versus
extramedullary fixation for the treatment of intertrochanteric hip fractures.
Clin Orthop Relat Res. 1998,348:87-94.

Boghdady GW, Shalaby M. Safety and reliability of external fixation for
basicervical and intertrochanteric fractures in high-risk elderly patients.
Strategies Trauma Limb Reconstr. 2007;2(2-3):83-9.

Wu CC, Shih CH, Chen WJ, Tai CL. Treatment of cutout of a lag screw of a
dynamic hip screw in an intertrochanteric fracture. Arch Orthop Trauma
Surg. 1998;117(4-5):193-6.

Bankes MJ, Simmons JM, Catterall A. Hip arthrodesis with the dynamic hip
screw. J Pediatr Orthop. 2002;22(1):101-4.

McLoughlin SW, Wheeler DL, Rider J, Bolhofner B. Biomechanical evaluation
of the dynamic hip screw with two- and four-hole side plates. J Orthop
Trauma. 2000;14(5):318-23.

Renz N, Bilat C, Bereiter H, Ruedi T, Leutenegger A. The dynamic hip screw
(DHS) in femoral neck fractures. Helvetica Chirurgica Acta. 1993;59(4):543-6.
O'Neill F, Condon F, McGloughlin T, Lenehan B, Coffey JC, Walsh M. Dynamic
hip screw versus DHS blade: a biomechanical comparison of the fixation
achieved by each implant in bone. J Bone Joint Surg Br Vol. 2011,93(5)616-21.
Wu CC, Shih CH, Lee MY, Tai CL. Biomechanical analysis of location of lag
screw of a dynamic hip screw in treatment of unstable intertrochanteric
fracture. J Trauma. 1996:41(4):699-702.

Frohlich P, Benko T. DHS (dynamic hip screw)-osteosynthesis in the
management of femoral fractures in the hip region and the place of this
method in the treatment of such injuries. Magy Traumatol Ortop kezseb
Plasztikai Seb. 1993;36(1):59-64.

Taeger G, Schmid C, Zettl R, Schweiberer L, Nast-Kolb D. Stable and
unstable pertrochanteric femoral fractures. Differentiated indications for the
dynamic hip screw. Unfallchirurg. 2000;103(9):741-8.

Nordin S, Zulkifli O, Faisham WI. Mechanical failure of Dynamic Hip Screw
(DHS) fixation in intertrochanteric fracture of the femur. Med J Malaysia.
2001;56(Suppl D):12-7.

Zhou Z, Xiong J, Jiang N, Xie L, Huang HT, Tao Y. Analysis of the treatment
failures for intertrochanteric fractures with dynamic hip screw (DHS).
Zhongguo gu shang. 2010,23(5):340-2.

Ali M. Treatment of comminuted subtrochanteric fractures by dynamic hip
screw. J Paki Med Assoc. 1995;45(8):212-5.

Hag RU, Dhammi IK. Clinical outcome following treatment of stable and
unstable intertrochanteric fractures with dynamic hip screw. Ann Acad Med
Singap. 2012;41(6):275-6.

Setiobudi T, Ng YH, Lim CT, Liang S, Lee K, De Das S. Clinical
outcome following treatment of stable and unstable intertrochanteric
fractures with dynamic hip screw. Ann Acad Med Singap. 2011;40(11):
482-7.

Guo JG, Guo JC, Zhao Y, Wang YG. Complications of intertrochanteric
fracture treated with dynamic hip screw: cause analysis and prevention.
Zhongguo gu shang. 2008;21(5):341-2.

O'Malley NT, Deeb AP, Bingham KW, Kates SL. Outcome of the dynamic
helical hip screw system for intertrochanteric hip fractures in the elderly
patients. Geriatr Orthop Surg Rehabil. 2012;3(2):68-73.

Pradeep AR, KiranKumar A, Dheenadhayalan J, Rajasekaran S. Intraoperative
lateral wall fractures during Dynamic Hip Screw fixation for intertrochanteric
fractures-Incidence, causative factors and clinical outcome. Injury. 2018;49(2):
334-338.

Makki DY, Rao J. Technical tip in dynamic hip screw plate insertion. Ann R
Coll Surg Engl. 2015,97(2):163.



Sun et al. Journal of Orthopaedic Surgery and Research

31

32.
33.

34.

35.

36.

37.

(2020) 15:11

Solooki S, Vosoughi AR. Incredible position of broken sliding dynamic hip
screw implant in the medial of thigh. Acta Orthop Traumatol Turc. 2018;
52(2):154-156.

Parker MJ. Cutting-out of the dynamic hip screw related to its position. J
Bone Joint Surg Br Vol. 1992,74(4):625.

Abdulkareem IH. A review of tip apex distance in dynamic hip screw
fixation of osteoporotic hip fractures. Niger Med J. 2012;53(4):184-91.
Shah AA, Kumar S, Rashid RH, Noordin S, Rehman A. Dynamic hip screw
fixation for inter-trochanteric fractures: determinants of outcomes. J Pak
Med Assoc. 2014;64(12 Suppl 2):595-9.

Joshi D, Dhamangaonkar AC, Ramawat S, Goregaonkar AB. Predictors of
iatrogenic lateral wall fractures while treating intertrochanteric fracture
femur with the dynamic hip screw system in Indian patients. Eur J Orthop
Surg Traumat. 2015;25(4):677-82.

Chen C, Yu L, Tang X, Liu MZ, Sun LZ, Liu C, Zhang Z, Li CZ. Dynamic hip
system blade versus cannulated compression screw for the treatment of
femoral neck fractures: a retrospective study. Acta Orthop Traumatol Turc.
2017;51(5):381-7.

Elgeidi A, El Negery A, Abdellatif MS, El Moghazy N. Dynamic hip screw and
fibular strut graft for fixation of fresh femoral neck fracture with posterior
comminution. Arch Orthop Trauma Surg. 2017;137(10):1363-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Participants
	Pre-operative preparations
	Surgical approach
	Fibula obtainment
	Post-operative treatment
	Observation and efficiency evaluation criteria
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

