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We deeloped a novel technique — fast mobile-window small incision (FMWSI) — a modification of minimally
invasive surgery for total hip arthroplasty, which we believe is particularly suited to elderly patients with hip
fractures. The present article aimed to introduce this technique and compare the clinical effects between the
FMWSI technique and conventional incision (CI) for hip arthroplasty in elderly patients.

This study included 240 consecutive patients who underwent hip arthroplasty. Half received total hip arthro-
plasty and half received hemi hip arthroplasty. The 120 patients in each group were further divided into FMWSI
and Cl groups. The following parameters were compared between the FMWSI and Cl groups: length of incision,
operation time, bleeding volume, drainage volume, postoperative ambulation time, and Harris score.
Compared with the CI group, the FMWSI group had a significantly shorter incision length, operation time, and
postoperative ambulation time, as well as lower bleeding and drainage volumes, irrespective of whether the
treatment was total or hemi hip arthroplasty (P<0.05). However, no significant difference was found in the
Harris score between the FMWSI and CI groups (P>0.05).

The novel FMWSI technique introduced in this study is a useful method for hip arthroplasty, especially for el-
derly patients with poor constitutions or tolerance to surgery.

Arthroplasty, Replacement, Hip ¢ Housing for the Elderly e Incisor

FMWSI - fast mobile-window small incision; Cl — conventional incision; THAR - total hip arthroplasty;
HHAR - hemi hip arthroplasty; SD - standard deviation
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Background

Hip fracture is an important public health problem because it
has become very common, especially among older individuals.
The worldwide annual number of hip fractures was estimat-
ed at 1.66 million in 1990, and this is expected to increase to
6.26 million by 2050 [1,2]. In Asia, hip fractures accounted for
26% of all fractures in 1990, and this value is expected to rise
to 37% by 2025 and to 45% by 2050 [3]. Further, 310 000 hos-
pital admissions in the United States were for hip fractures,
which accounted for 30% of all hospitalized patients [4]. The
increased incidence of hip fractures imposes a remarkable eco-
nomic and social burden [5,6].

At present, hip arthroplasty is the most widely used treat-
ment for femoral neck fractures [7-10]. However, for the el-
derly, artificial hip replacement is a difficult surgery because
of the many associated complications, making the prognosis
poor. Specifically, these patients cannot tolerate the long op-
eration time because they have poor organ function, reduced
physiological reserve, and concomitant cardiovascular, respi-
ratory, and endocrine diseases. Therefore, a novel surgical
procedure with a short operation time and fast wound heal-
ing is greatly needed.

In the present study, we introduce a novel method we devel-
oped, known as the fast mobile-window small incision (FMWSI)
technique, and compare the clinical outcomes between FMWSI
and conventional incision (Cl).

Material and Methods

Patients

The study procedure was approved by the Ethics Committee
of Yanan Hospital of Kunming Medical University. Informed
consent was obtained from each patient included in the study
and the study protocol conforms to the ethics guidelines of
the 1975 Declaration of Helsinki. Between June 2010 and
June 2014, 240 elderly patients with femoral neck fractures
were consecutively enrolled from Yanan Hospital of Kunming
Medical University. Femoral neck fracture was diagnosed and
confirmed by clinical and X-ray examination. The inclusion cri-
teria were as follows: (a) patients with age {>60 years who are
capable of walking before injury; (b) patients with Garden-II
and -1V fractures; and (c) patients without absolute contrain-
dications to surgical intervention. We excluded patients with
serious medical diseases, gluteus medius strength less than 3,
pathological fractures caused by other diseases such as can-
cer, and previous local infection. Among them, 120 patients
underwent total hip arthroplasty (THAR) and 120 patients un-
derwent hemi hip arthroplasty (HHAR) at 2-10 days following
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injury. Patients who received THAR and HHAR were randomly
divided into 2 groups according to the incision type: FMWSI
and conventional incision CI.

Perioperative management

Before surgery, skin traction was performed, primary coexist-
ing diseases were well-controlled (hemoglobin {>90 g/L, fast-
ing blood sugar <8.0 mmol/L), and electrolyte disorder, mal-
nutrition, and hypoalbuminemia were corrected. After surgery,
regular broad-spectrum antibiotics were administered for 2-3
days and anticoagulant drugs for 1 month. The negative-pres-
sure drainage tube was removed 24-48 h following surgery.
All patients were encouraged to actively exercise their quad-
riceps femoris muscles. At 1-7 days after surgery, all patients
were permitted to walk with a cane and the gradually with
full weight-bearing.

Surgical procedure

The procedure was performed under general anesthesia or com-
bined spinal-epidural anesthesia. Patients were placed in the
lateral decubitus position. The Cl operation was routinely per-
formed with an incision length of 15-20 cm. The FMWSI proce-
dure was carried out as follows: A slightly curved incision was
made along the lower edge of the greater trochanter via a mod-
ified lateral approach and with the surface of the greater tro-
chanter as the center. The incision length was 6.5-10 cm, and
two-thirds of the incision was located at the edge of the prox-
imal end of the greater trochanter. Throughout the surgery, the
visual operative field was fully exposed by appropriately mov-
ing the operation window rather than increasing the incision
length. The fascia was stripped off to show external rotation
muscles. The muscles were cut in the vicinity of the greater tro-
chanter without damaging the gluteus medius. The joint cap-
sule was then split in a T-shaped fashion to expose the femoral
head and neck. The femoral head was removed after trunca-
tion of the femoral neck at 1 cm above the femur. The femoral
prosthesis was implanted. The incision was closed following
resetting the hip joint, indwelling negative-pressure drainage
tube, and suturing the joint capsule and muscles (Figure 1).

The Harris score was used to assess hip joint function 6 weeks
after the operation. The following indicators of clinical outcome
were compared between groups: length of incision, operation
time, bleeding volume, drainage volume, postoperative ambu-
lation time, and Harris score.

Statistical analysis
All data were analyzed by using the SPSS software package

version 13.0 (SPSS Inc., Chicago, IL, USA). The measurement
data are expressed as mean # standard deviation (SD), and
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Figure 1. Fast mobile-window small incision procedure. (A) Incision length. (B) Incision. (C) Visual operative field exposed by
appropriately moving the window. (D) Exposure of the femoral head. (E) Removal of the femoral head. (F) A slit is cut in the
medullary cavity of the proximal femur. (G) The mold of the femoral prosthesis is tested. (H) The femoral prosthesis is placed.
(1) The hip joint is reset. (J) The joint capsule is sutured. (K) The incision is closed.

differences between groups were analyzed using Student’s
t-test or Fisher’s exact test. Pearson correlation was performed
to analyze the relationship between length of the incision and
perioperative outcomes of FMWSI and Cl. A P value less than
0.05 was considered statistically significant.

Results

Table 1 presents patient characteristics. The FMWSI and Cl
groups were well matched and showed no significant difference
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in age, sex, time from injury to operation, fracture type, and
complication rate (P>0.05). Table 2 summarizes the pre-, peri-,
and postoperative complications. With regard to the postoper-
ative outcomes of patients who underwent THAR, the FMWSI
group needed significantly shorter incisions and had a short-
er surgery time and postoperative ambulation time than the
Cl group (P<0.05). Moreover, the bleeding and drainage vol-
umes were significantly lower in the FMWSI group than the Cl
group (P<0.05). Patients who underwent HHAR showed sim-
ilar results in terms of these parameters (P<0.05). However,
for patients who underwent THAR and HHAR, the Harris score
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Table 1. Patient characteristics.

Patients

Age (years, mean +SD) 6414 65+3 7545 73+4

Male 39% 37% 35% 41%
"""" Female &% 6% 6% 5%
 Time from injury to operation (days, mean £50) 522 a2 64 s:1
 Time from admission to surgery (days, mean 4SD)  45¢2 | 352 22 a1

Subcapital 32% 42% 35% 45%
Central 55% 50% 59% 50%
Basal 13% 8% 6% 5%

Falls 78% 67% 67% 77%
© Vehicularaccidents % 1% 8% 0 1%
"""" Falls fom aheight 5% 1% 1% 9%
"""" Unknown 2% s 3% %

SD - standard deviation; THAR — total hip arthroplasty; HHAR — hemi hip arthroplasty; FMWSI — fast mobile window small incision;
Cl - conventional incision.

Table 2. The pre, peri, and post-operative complications.

Complications

FMWSI (n=60) Cl (n=60) FMWSI (n=60) Cl (n=60)

Pre-operative, %

Hypertension 37% 35% 36% 29%
"""" Midanemia 2% 2% 2a% 4%
"""" Diabetes mellitus 1% 2%  19%  25%
"""" Mild/moderate cardiac insufficiency 1% 1% 15% 5%
"""" Mild obstructive respiratory insufficiency 5% 8% 3% 7%

Luxation = = 1.7% =
Periprothesic fracture, Vancouver type B1 = 1.7% = =
Periprothesic fracture, Vancouver type C 1.7% 1.7% - 1.7%

THAR - total hip arthroplasty; HHAR — hemi hip arthroplasty; FMWSI — fast mobile window small incision; CI — conventional incision.
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Table 3. Comparison of perioperative outcomes between FMWSI and ClI.

Parameters
FMWSI (n=60) Cl (n=60) P value FMWSI (n=60) Cl (n=60)

Length of incision (cm, mean +SD) 8.66+0.62 18.64+1.82 <0.05 8.12+1.62 15.32+3.42 <0.05
Time of surgery (min, mean £5D)  7012£1452  10608:1624 <005  4068t1514 604612032  <0.05
 Bleeding volume (ml mean £50) 2303417626 3853618264 <005 70625024 2532413826 <005
 Drainage volume (ml, mean £5D) 1706413176 2628416432 <005 80562164 124823352 <005

F;:;:p;f;:eiggb“lam" time 3.68+1.52 9.64+224  <0.05  2.28+1.24 5.64:252  <0.05
Harris score (mean +5D) 804138 886134 >005 932142 916138 5005

FMWSI — fast mobile window small incision; Cl — conventional incision; SD — standard deviation; THAR — total hip arthroplasty;

HHAR - hemi hip arthroplasty.

did not differ significantly between the FMWSI and Cl groups
(P>0.05) (Table 3). After stratification analysis according to
fracture type and Garden’s classification, similar results were
also observed (Tables 4, 5). As shown in Table 6, the incision
length was positively associated with time of surgery, bleeding
volume, drainage volume, and postoperative ambulation time
(r>0.8, P<0.01). A case of FMWSI treatment is shown in Figure 2.

Discussion

Mortality following hip fracture is clearly increasing with the
growing elderly population [11], despite numerous efforts to
reduce the mortality rate and improve operative outcomes.
Studies have been carried out both in clinical settings and as
animal experiments, involving strategies such as multicompo-
nent home-based physical rehabilitation programs, implant re-
moval, tissue engineering technology, and the minimal inci-
sion technique [12-16].

The average incision length in conventional artificial hip re-
placement surgery is 22 cm. Although large incisions provide
a broad operative view, they destroy small blood vessels and
cause lower limb swelling, deep vein thrombosis, and infection
because of the extended exposure time [17]. Moreover, mus-
cle tissue is extensively damaged during the surgery; there-
fore, recovery is slow and early postoperative rehabilitation
is difficult [11]. Since the minimal incision technique was first
reported in 2003, this approach has found widespread use in
clinical practice [16,18], with advantages like reduced soft tis-
sue damage, surgery time, pain, and incidences of deep vein
thrombosis and pulmonary embolism, as well as fast recov-
ery [19,20]. Additionally, Vicente et al reported that the min-
imally invasive posterior approach to THA may be associ-
ated with low total estimated bleeding and intraoperative

bleeding [17], and Dorr et al reported that minimally invasive
THA may lead to better early pain control and early home dis-
charge and unassisted ambulation [21]. These findings collec-
tively indicate that reducing the operation wound in hip ar-
throplasty is of great value, especially for elderly patients with
peri-operative complications.

In the present study, we developed a novel minimal incision
technique that is fast and involves a mobile operative win-
dow. During the operation, the skin was pulled only up to the
point required and to the maximum extent that was naturally
possible, whereby the stretch reaction of the skin and its sur-
rounding soft tissues was reduced. Additionally, we achieved
adequate surgical exposure by moving the operation window
rather than enlarging the original incision. Because of the min-
imally invasive incision, important muscle tissues were not
damaged and the external rotator was repaired by in situ res-
toration, whereby the stability of the hip joint could be main-
tained to the maximum extent and the possibility of postop-
erative dislocation was reduced [22,23]. In our comparison of
240 elderly patients who underwent THAR or HHAR via the Cl
and FMWSI techniques, we found that patients in the FMWSI
group needed shorter incisions than in the Cl group. They also
had shorter surgery times and postoperative ambulation times,
and lower bleeding and drainage volumes.

Incision length is not the only factor that affects treatment
outcome; other such factors are the general condition of the
patient, the severity of comorbidities, and the skill of the sur-
geon. Therefore, the FMWSI technique may not be suitable in
all cases. For example, for patients with severely deformed
hip joints, obsolete fractures, muscle contracture, and obesi-
ty, or those requiring revision hip arthroplasty, it may be dif-
ficult to achieve adequate surgical exposure, and incision ex-
tension would usually be required.
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Table 4. Stratification analysis of perioperative outcomes between FMWSI and Cl according to fracture types.

Subcapital

Parameters

Length of incision (cm, mean +SD) 8.55+0.44  18.49+1.75 <0.05 8.18+1.65 16.2+2.95 <0.05
Time of surgery (min, mean45D) 7034103 10756172 <005 403+148  614s198 <005
T e e S 237.14705 38688808 <005 7104485 25684358 <005
Drainage volume (ml, mean £5D) 17594314 26314669  <0.05 7845227 12394305 <005

f;:;:p;t‘;:iggb“lation time 3824163  9.87+1.11 <0.05 2374121  5.74+1.98 <0.05
e — 9044285 887436 005 938440  9L6s37 5005

Parameters
P value FMWSI
Length of incision (cm, mean +SD) 8.58+0.59 18.1+1.92 <0.05 8.11+1.64 15.0+3.21 <0.05
[ e —— 735:158 10455144 <005  409+162 5828226 <005
 Bleeding volume (ml, mean 35D) 2301770 38413841 <005 6825504 24921389 <005
Drainagevolume (ml, mean $SD) 17051289 26261615 <005 8098222 12231354 <005

Postoperative ambulation time
(days, mean +SD)

Harris score (mean +SD) 91.4+2.22 88.6+3.2 >0.05 93.5+3.8 91..5+3.9 >0.05

Parameters
P value FMWSI

Length of incision (cm, mean +SD) 8.75+0.45 18.69+1.75 <0.05 8.06+1.44 14.7+3.3 <0.05
Time of surgery (min, mean45D) 6814152 10624143 <005 403147 6324196 <005
ey e 22045721 38564803 <005 7266558 26274404 <005
Drainage volume (ml, mean 45D) 16656302 26274701  <0.05 8195201 13484419 <005

(P;:;:,p;fata’iggb“lation time 3534134 9.4242.5 <0.05 228+1.03  6.02+3.32 <0.05
e 886435 881432  >005  OL7444 9094363 5005

FMWSI — fast mobile window small incision; Cl — conventional incision; SD — standard deviation; THAR — total hip arthroplasty;
HHAR — hemi hip arthroplasty.
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Table 5. Stratification analysis of perioperative outcomes between FMWSI and Cl according to Garden’s classification.

Parameters

Garden stage Il

Length of incision (cm, mean +SD) 8.62+0.74
Time of surgery (min, mean +SD) 70.6+£14.3
Bleeding volume (ml, mean +SD) 227.1+73.3
Drainage volume (ml, mean +SD) 170.2432.4
E’do:;:p:]l:;:eisalr;bulatlon time 3.7041.53
Harris score (mean +SD) 88.8+3.95

Parameters

P value FMWSI
<0.05 8.12+1.64 15.7+3.02 <0.05
<0.05 40.4+15.11 62.8+18.97 <0.05
<0.05 72.5£50.67 257.8+40.32 <0.05
<0.05 81.1+22.3  125.6+30.24 <0.05
<0.05 2.15+0.87 5.51+1.99 <0.05
>0.05 93.4+3.6 91.7+3.8 >0.05

Length of incision (cm, mean +SD) 8.68+0.5

Time of surgery (min, mean +SD) 69.5+15.2
Bleeding volume (ml, mean +SD) 233.0+£79.2
Drainage volume (ml, mean +SD) 170.8430.9
E’;:;:p:::;ir:/ei;;bulation time 3.6641.52
Harris score (mean +SD) 90.2+3.72

88.6+3.2

<0.05 8.15+1.6 15.0+2.87 <0.05
<0.05 41.23+15.8 58.8+20.02 <0.05
<0.05 68.82+42.5 248.8+37.76 <0.05
<0.05 80.54+20.5 124.2+31.54 <0.05
<0.05 2.2+1.21 5.76+2.61 <0.05
>0.05 93.3+4.1 91.6+3.7 >0.05

FMWSI — fast mobile window small incision; Cl — conventional incision; SD — standard deviation; THAR — total hip arthroplasty; HHAR —

hemi hip arthroplasty.

Table 6. Correlation analysis between length of incision and perioperative outcomes of FMWSI and Cl.

Parameters

Length of incision

Time of surgery 0.95
Bleeding volume 0.94
Drainage volume 0.91
Postoperative ambulation time 0.98
Harris score 0.10

<0.01 0.83 <0.01
<0.01 0.95 <0.01
<0.01 0.88 <0.01
<0.01 0.93 <0.01
>0.05 0.30 >0.05

FMWSI — fast mobile window small incision; Cl — conventional incision; THAR — total hip arthroplasty; HHAR — hemi hip arthroplasty.
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Figure 2. A case of fast mobile-window small incision treatment. (A) A 57-year-old man with osteonecrosis of the right femoral head;
preoperative X-ray. (B) X-ray after operation. (C) Functional recovery at 6 weeks after the operation.

Conclusions

In conclusion, the novel FMWSI technique is a useful method
for hip arthroplasty, especially for elderly patients with poor
general health and poor tolerance to surgery. Our findings need
to be confirmed in future studies that evaluate the long-term
outcomes of this novel FMWSI technique.
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