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Background: Minimally invasive total hip arthroplasty has stirred substantial controversy with regard to whether it
provides superior outcomes compared with total hip arthroplasty performed through longer incisions. The orthopaedic
literature is deficient in well-designed scientific studies to support the clinical superiority of this approach. The objec-
tive of this study was to compare the results of a single mini-incision approach with those of a standard-incision total
hip arthroplasty in the early postoperative period.

Methods: Two hundred and nineteen patients (219 hips) admitted for unilateral total hip arthroplasty between De-
cember 2003 and June 2004 were randomized to undergo surgery through a short incision of <10 cm or a standard
incision of 16 cm. All patients were blinded to the size of the incision for the duration of the hospital stay. The anes-
thetic, analgesic, and postoperative physiotherapy protocols were standardized, with the staff also blinded to the
technique used. A single surgeon, who had performed more than 300 short-incision hip replacements prior to the
start of this study and who performs an average of 415 primary total hip replacements a year, performed all proce-
dures through a single-incision posterior approach using a cementless cup and cemented stem.

Results: The two groups were matched for age, grade according to the system of the American Society of Anesthesi-
ologists, and body mass index. No significant difference was detected with respect to postoperative hematocrit,
blood transfusion requirements, pain scores, or analgesic use. We found no difference in early walking ability or
length of hospital stay and no difference in component placement, cement-mantle quality, or functional outcome
scores at six weeks. The patient variables significantly associated with a probability of early discharge independent of
incision length were patient age and preoperative hemoglobin levels (p < 0.05). The surgical scars contracted signifi-
cantly over six weeks (p < 0.05) but by a similar proportion of 11% to 12% in both groups.

Conclusions: Minimally invasive total hip arthroplasty performed through a single-incision posterior approach by a
high-volume hip surgeon with extensive experience in less invasive approaches to the hip is safe and reproducible.
However, it offers no significant benefit in the early postoperative period compared with a standard incision of 16 cm.
As it is not known whether lower-volume and less-experienced surgeons can achieve similar results, the mini-incision
technique merits further study before wide dissemination and implementation of this family of surgical approaches
can be recommended.

Level of Evidence: Therapeutic Level |. See Instructions to Authors for a complete description of levels of evidence.
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TABLE | Demographic Data on the Patients

Mini-Incision Group Standard Incision Group P Value

No. of hips 109 110
Age* (yr) 67.42 £9.84 65.85 +10.33 0.25
Gender (M/F) 49/60 58/52
Body mass index* 28.22 + 4.33 28.94 + 4.33 0.21
Preoperative diagnosis (no. of patients)

Osteoarthritis 107 107

Osteonecrosis 0 2

Rheumatoid arthritis 2 1

*The values are given as the mean and the standard deviation.

trauma, reduced operative blood loss and blood transfusion
requirements, less postoperative pain, and faster rehabilita-
tion reducing the length of hospital stay’.

The potential disadvantages of these approaches in-
clude reduced visualization, a possible increased risk of neu-
rovascular injury, and component malpositioning, thereby
compromising the long-term results of an already successful
procedure. Some authors have questioned the justification for
these not insignificant risks for the sake of unproven short-
term benefits’. The orthopaedic literature is deficient in well-
designed studies to support the clinical superiority of mini-
mally invasive total hip arthroplasty in the early postoperative
period. Most of the available evidence is derived from retro-
spective cohort studies or personal case series from the pio-
neers of the minimally invasive approaches. Hartzband’
described a series of 100 consecutive total hip arthroplasties
performed through a posterolateral minimal incision without
a control group for comparison. He concluded that the pa-
tients had a more rapid rehabilitation and a more prompt re-
turn to activities of daily living. Sculco et al.® found no
difference in blood loss or length of stay for forty-two patients
undergoing minimally invasive total hip arthroplasty com-
pared with a cohort of forty-two patients undergoing total hip
arthroplasty through a traditional incision, but the Harris hip
score was slightly higher in the mini-incision group at five
years. Wenz et al.” reported that patients managed with a min-
imal-incision technique were able to walk sooner and with less
assistance than were those managed with a standard tech-
nique, but no difference was found in the length of hospital
stay. Woolson et al.%, in a retrospective cohort study, reported
the results of 135 hip replacements by three different surgeons.
The mini-incision group was found to include thinner and
healthier patients than the standard-incision group. No differ-
ence was detected with respect to operative time, blood loss,
transfusion rate, or length of stay. The mini-incision group
had a significantly higher risk of wound complications, ace-
tabular component malposition, and poor fit and fill of the ce-
mentless femoral components.

Orthopaedic surgeons have an obligation to ensure that
an innovation in surgical technique is put through rigorous
scientific evaluation to determine its efficacy before it is widely

promoted as beneficial. We hypothesized that minimally inva-
sive total hip arthroplasty performed through a single-incision
posterior approach would result in lower intraoperative blood
loss and less postoperative pain and would allow earlier mobi-
lization and discharge from the hospital with no increase in the
rate of intraoperative or early postoperative complications.

Materials and Methods

wo hundred and nineteen patients (219 hips) admitted

for unilateral total hip arthroplasty were enrolled in this
randomized, blinded study between December 2003 and June
2004. The patients were randomly allocated to have surgery
through either a minimally invasive incision of <10 ¢cm or a
standard incision of 16 cm. The regional research ethics com-
mittee approved the study protocol. Informed consent was
obtained from all patients. Prior to providing informed con-
sent, all patients were made aware that they would be blinded
to the length of their incisions for the duration of their hospi-
tal stays. The exclusion criteria were a history of previous sur-
gery on the affected hip and inflammatory polyarthritis if the
severity of the disease was likely to compromise postoperative
mobility. Of the five patients with rheumatoid arthritis who
were admitted for total hip arthroplasty during the study pe-
riod, only two were not enrolled for this reason.

Preoperatively, demographic data, body mass index,
preoperative diagnosis, and the grade according to the system
of the American Society of Anesthesiologists’ were recorded.
Hip function, quality of life, and general health were assessed
with use of the Harris hip score', the Oxford hip score", the
Western Ontario and McMaster University Osteoarthritis In-
dex (WOMAC)"”, and a Short Form-12 (SF-12) general health
questionnaire™'* (Tables I and II).

Baseline preoperative hemoglobin and hematocrit lev-
els were recorded. Postoperatively, the hematocrit was mea-
sured at eight hours and hemoglobin levels were measured on
the first, second, and third postoperative days. Any blood re-
placement during the period of hospitalization and the hema-
tocrit at discharge were also recorded.

Serum levels of C-reactive protein have been shown to
increase as part of the inflammatory response to surgical
trauma following total hip arthroplasty, with peak levels being
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reached on the second to third postoperative day”". Baseline
C-reactive protein levels were measured preoperatively and
were remeasured on the second postoperative day to deter-
mine whether there was any difference in the magnitude of the
inflammatory response between the two patient groups.

A single surgeon (D.B.) who performs an average of 415
primary total hip replacements a year performed all proce-
dures through a single-incision posterior approach with a
posterior capsular repair. He had already performed more
than 300 short-incision hip replacements before starting this
study. On the evening before surgery, a sealed envelope was
used to determine the patient randomization group. The op-
erating surgeon, who was not involved in patient randomiza-
tion, was then informed of the incision to be used at the time
of templating of preoperative radiographs.

All patients underwent a hybrid total hip arthroplasty
with use of a cementless cup (Pinnacle; DePuy, Warsaw, Indi-
ana) and a cemented stem (Xpress Rapid Custom or C-Stem;
DePuy, Leeds, United Kingdom). Preoperative measurements
of the circumference of the thigh were made at the level of the
trochanteric ridge and at the mid-thigh. The mid-thigh cir-
cumference was remeasured at forty-eight hours to assess
postoperative swelling. All patients had a spinal anesthetic of
intrathecal 0.5% bupivacaine with intravenous midazolam or
propofol for intraoperative sedation. The length of the inci-
sion to be made was measured and marked with use of a ster-
ile ruler and marker pen after draping. The surgical approach
was the same in both groups. In the standard-incision group
the subcutaneous tissues and fascia lata were divided in line
with the skin incision, but in the minimal-incision group only
the proximal 1 cm of the fascia lata was incised. The distal fi-
bers of the gluteus maximus were split by blunt dissection,
and the short external rotators were detached close to their in-
sertion into the greater trochanter. After reduction of the
newly inserted prosthetic hip, the posterior capsule and short
rotators were separately repaired with use of nonabsorbable
sutures passed through drill-holes in the greater trochanter.
Therefore, the only difference in surgical technique between
the two groups was the length of the skin incision and the
shorter incision of the fascia lata in the mini-incision group.

Surgical time and wound length at the start and end of
surgery as well as any intraoperative complications or techni-
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cal difficulties encountered were recorded. No specialized
minimal access surgical instruments were used. Intraoperative
blood loss was estimated by measuring the volume of blood in
the suction bottles and weighing the swabs used.

Following surgery, all patients had a standard-length
wound dressing, ensuring that the patients and all staff, except
those directly tending to wound care, were blinded to the
technique used. When a change of dressing was required, the
standard-length dressing was reapplied and was used for the
duration of the hospital stay.

A standardized analgesic protocol was used for the man-
agement of postoperative pain. This consisted of use of a
patient-controlled analgesia system that administered mor-
phine at a concentration of 1 mg/mL for the first twelve hours.
Patients were then managed with oral analgesia with 100 mg
of tramadol (Zydol; Searle, High Wycombe, United King-
dom) alternating every three hours with two tablets each con-
taining a combination of 30 mg of codeine and 500 mg of
paracetamol (Solpadol; Sanofi-Synthelabo, Guildford, United
Kingdom). The first dose of oral analgesia was given thirty
minutes before the patient-controlled analgesia was discontin-
ued. Intravenous administration of granisetron (Kytril; Roche,
Basel, Switzerland) was used to control nausea.

Pain levels were recorded every two hours for the first
twenty-four hours with use of a 100-mm visual analogue scale.
The total volume of morphine used was recorded. An addi-
tional pain score was recorded at thirty-six hours. The stan-
dardized oral analgesic protocol was continued on discharge
with the patients instructed to keep a score sheet of the worst
pain levels for each of the first seven days following discharge.
They reduced their analgesic intake as required thereafter.

Postoperative mobilization followed a set protocol su-
pervised by a core team of experienced orthopaedic physio-
therapists who were blinded to the type of incision used for
the duration of the study. Unless they were not well medically,
all patients were mobilized with full weight-bearing on the
first postoperative day, as they had been instructed in the use
of an appropriate walking aid preoperatively. On the second
day, the patients were tested on a set of functionally related
activities. This assessment was based on the Iowa level-of-
assistance scale", a validated physical therapy assessment tool,
which has been shown to have good interobserver and good-

TABLE Il Preoperative Functional Scores, SF-12 General Health Scores, and ASA Grade*

Mini-Incision Groupt Standard-Incision Groupt P Value

Harris hip score 29.04 £11.65 27.41 £13.23 0.34

WOMAC osteoarthritis index 26.92 £11.82 26.23 £ 14.29 0.70

Oxford hip score 49.37 £5.04 50.14 £ 5.64 0.29

SF-12 physical component score 26.18 £ 5.39 26.14 £ 5.40 0.95

SF-12 mental component score 43.31 £12.78 41.96 + 11.85 0.41

ASA grade 2.06 £ 0.64 2.02 £0.68 0.68
*WOMAC = Western Ontario and McMaster University Osteoarthritis Index, SF-12 = Short Form-12, and ASA = American Society of Anesthe-
siologists. TThe values are given as the mean and the standard deviation.
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to-excellent intraobserver reliability during the acute phase of
rehabilitation following total hip and knee replacement. The
tests performed comprised (1) the level of assistance required
for a transfer from the supine to the sitting position and from
the sitting to the standing position and for mobilization with a
walking aid, (2) a timed 10-m walk to assess walking velocity,
and (3) a timed stair-climbing test.

A cohort of 100 patients, who were chosen at random,
underwent stride analysis to assess early walking ability. This
was done by measuring temporal-spatial parameters during
the timed 10-m walk. Felt markers that were 5 mm thick were
attached to the soles of the patient’s footwear at a distance of
5-cm from the tip. The markers were infused with nonperma-
nent ink, which marked the floor clearly with each step, and
different colors of ink were used to define the right and left
limbs. Measurements were made of step length (left-foot to
right-foot markings), stride length (left-foot to left-foot
markings), cadence (steps per minute), and walking velocity.

Patients were discharged when they were safely able to
transfer and mobilize with the use of a walking aid.

Radiographic Analysis

An independent investigator, also blinded to the length of the
incisions, analyzed the postoperative radiographs. The param-
eters recorded were cup abduction angle, stem alignment, and
quality of the cement mantle. Stem alignment was measured as
the angle between the long axis of the femoral stem and the an-
atomical axis of the femur on the anteroposterior radiograph.
On the lateral radiograph, stem alignment was classified as
neutral, posterior, or anterior. The cement mantle around the
femoral component was graded according to the criteria of
Mulroy et al.”.

Postoperative Follow-up

The patients were evaluated six weeks after surgery. They were
assessed with use of the Harris and Oxford hip scores, the
WOMAC osteoarthritis index, and an SF-12 general health
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questionnaire. The lengths of the surgical scars were mea-
sured, and the patients performed a timed 10-m walking test
to assess walking velocity. The use of a walking aid at this stage
was also recorded.

Statistical Analysis

Sample-size estimation showed that 100 patients in each
group would be required to show a difference in postoperative
hemoglobin of 0.5 g/dL and a difference in length of stay of 0.5
day, with an alpha level of 0.05 and a beta level of 0.10, that is,
a power of 90%.

Statistical analysis was done with use of the SPSS software
package (SPSS, Chicago, Illinois) with the independent samples
t test for continuous variables and chi-square tests for dichoto-
mous values. A p value of <0.05 was considered to be signifi-
cant. Principal component analysis with varimax rotation was
used to identify the optimal way to handle repeated measures
for the data collected with the visual-analogue pain scale every
two hours in the first twenty-four hours. This suggested that the
scores at two and four hours, scores from six to ten hours,
scores from twelve to eighteen hours, and scores from twenty to
twenty-four hours could be combined to yield four summary
pain scores. This enabled us to perform t tests for four indepen-
dent samples instead of the twelve that would otherwise have
been required, thus reducing the impact of multiple testing. A
Bonferroni approach was then to drop the p value required for
statistical significance to 0.0125; that is, alpha/4.

Logistic regression analysis was used to determine pa-
tient variables that were significantly associated with the prob-
ability of discharge within three days after surgery.

Results

Operative Results

N o significant difference between the two groups was found
with respect to the preoperative values for the mid-thigh

circumference, the circumference of the thigh at the trochan-

teric ridge, or the depth of the subcutaneous fat layer (Table III).

TABLE Ill Operative Data and Postoperative Hematological Data

Mini-Incision Group Standard-Incision Group P Value

Mid-thigh circumference* (cm) 49.3+5.3 50 £ 5.7 0.33
Thigh circumference at trochanteric ridge* (cm) 60.73 £ 5.7 61.53 + 4.6 0.25
Depth of subcutaneous fat layer* (cm) 2.72 +1.59 2.83 +1.27 0.59
Incision length at start* (cm) 9.21 +0.44 16.00 + 0.00

Incision length at end* (cm) 9.50 £ 0.95 15.81 + 0.93

Mean change in wound length (cm) +0.29 -0.19 0.00
Estimated intraoperative blood loss* (mL) 314 + 162 366 = 190 0.03
Hematocrit at 8 hr* 0.317 £ 0.058 0.325 + 0.058 0.34
Mean total blood transfusion* (U) 0.42 +0.95 0.30 + 0.66 0.27
Hematocrit at discharge* 0.275 £ 0.04 0.276 £ 0.04 0.75

*The values are given as the mean and the standard deviation.
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The mean incision length (and standard deviation)
measured 9.2 + 0.44 cm at the start of surgery and 9.5 + 0.95
cm at the end in the mini-incision group. The increase in
length, we believed, was due to the stretching of the skin by
the greater retraction required with use of this approach. For
the standard-incision group, the mean incision length was
16.0 £ 0.00 cm at the start and 15.81 £ 0.93 cm at the end. The
mean operative time was 5.6 minutes longer for the standard-
incision group (65.9 + 13.2 minutes) than that for the mini-
incision group (60.3 £ 9.2 minutes). When the time was
divided into three separate phases (incision to insertion of the
acetabular liner, insertion of the liner to reduction of the hip,
and reduction to closure of the skin), we found significant dif-
ferences in the first and last phases of surgery (p = 0.001 and
p < 0.001, respectively). The longer time for the first phase in
the standard-incision group may have been due to the fact
that the arthroplasty fellow performed the initial exposure in
sixteen (15%) of the 110 patients in this group and in none of
those in the mini-incision group. These were all performed
under the direct supervision of the senior surgeon. The longer
time for the last phase was due to our method of skin closure,
as we used an absorbable continuous mattress suture rather
than staples.

The mean estimated intraoperative blood loss was sig-
nificantly greater in the standard-incision group (365.8 mL;
range, 100 to 1100 mL) than in the mini-incision group (314.2
mL; range, 90 to 1310 mL) (p = 0.03). However, no difference
was detected in the postoperative blood transfusion rate, the
hematocrit at eight hours following surgery, or the hemat-
ocrit at discharge (Table III). Within the standard-incision
group, the estimated blood loss for the patients in whom the
initial approach was performed by the arthroplasty fellow
(mean, 366.2 mL; range, 150 to 690 mL) was not found to be
different from that for the patients in whom the entire opera-
tion had been performed by the senior surgeon (mean, 362.7
mlL; range, 100 to 1100 mL) (p = 0.67).

Intraoperative Complications

and Technical Difficulties

Two patients, both from the standard-incision group, had an
intraoperative fracture; one had a fracture of the greater tro-
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chanter and the other sustained a fracture of the medial ace-
tabular wall during insertion of the press-fit acetabular
component. Both fractures were treated nonoperatively, and
the patients were allowed to walk with full weight-bearing
postoperatively. Neither patient had any further problems re-
lated to the fracture. None of the mini-incisions had to be ex-
tended during the study; however, two hips that had been
randomized to the standard-incision group—one with a non-
union of a previous acetabular fracture and the other with a
socket destroyed from rapidly progressive osteoarthritis—
would have been difficult to manage through a mini-incision
without extending the wound. Acetabular exposure through a
mini-incision was subjectively thought to be more difficult in
muscular male patients and grossly obese patients (a body
mass index of >35). Subgroup analysis was done for all pa-
tients with a body mass index of >35 (five in the mini-incision
group and ten in the standard-incision group) and male pa-
tients with a mid-thigh circumference of >55 cm (sixteen in the
mini-incision group and twenty-six in the standard-incision
group). The mean total operative time (and standard devia-
tion) was significantly increased for patients in both groups
with a body mass index of >35 (69.5 = 11.2 minutes) com-
pared with patients with a body mass index of <30 (62.0 £
11.3 minutes) (p < 0.001). This increase was independent of
the incision length (p = 0.48). With the numbers available, no
significant difference between the mini-incision and standard-
incision groups was seen for male patients with a mid-thigh
circumference of >55 c¢m, with respect to mean operative time
(61.4 £ 11.0 minutes and 66.9 £ 13.2 minutes, respectively;
p=0.17) or mean cup abduction angle (48.3° £ 5.1° and 48.8° +
7.6°, respectively) (p = 0.85).

Postoperative Swelling and
Inflammatory Response
The mean increase (and standard deviation) in the mid-thigh
circumference at forty-eight hours, as a measure of postopera-
tive swelling, was not significantly different between the mini-
incision group (4.3 £ 4.2 cm) and the standard-incision group
(3.7£3.9cm) (p =0.30).

The mean serum level of C-reactive protein at forty-
eight hours was 135.68 + 51.18 mg/L for the mini-incision

TABLE IV Postoperative Pain Scores and Morphine Use*

Mini-Incision Group Standard-Incision Group P Value
Pain score (mm)
Oto4hr 15.7 £19.1 16.2 £ 17.5 0.85
6to 10 hr 17.1 £+ 16.3 14.5 £ 14.0 0.22
12 to 18 hr 8.9+125 11.0 £ 12.8 0.23
20 to 24 hr 15.1 + 16.3 17.8 £ 15.9 0.22
36 hr 16.8 £ 20.3 19.8 £ 21.2 0.29
Morphine used (mg) 429 +97.4 45.0 £ 96.8 0.89
*Pain scores were determined with a 100-mm visual analogue scale, and morphine was administered with a patient-controlled analgesia sys-
tem. The values are given as the mean and the standard deviation.
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TABLE V Postoperative Results for the Timed 10-Meter Walk and Timed Stair-Climbing Test*

Mini-Incision Group Standard-Incision Group P Value
Walking time
6-m segment (sec) 32.2+19.0 32.8 + 20.6 0.83
Total 10-m walk (sec) 54.4 £29.8 54.5 £ 32.7 0.97
Stair-climbing
Ascending time (sec) 19.31 £ 8.78 19.58 £ 9.38 0.83
Descending time (sec) 19.42 £ 8.94 21.20 £11.27 0.22

*The values are given as the mean and the standard deviation.

group and 125.62 = 59.39 mg/L for the standard-incision
group. The difference was not significant (p = 0.20).

Postoperative Pain Scores

and Morphine Use

No significant difference was detected between the mini-incision
and standard-incision groups with respect to the postoperative
pain scores or the volume of morphine used with the patient-
controlled analgesia system (Table IV). After correcting for the
variations in length of stay, we found no significant difference in
the mean pain scores (and standard deviation) for the two
groups in the first seven days following discharge from the hos-
pital (33.0 £ 18.0 mm for the mini-incision group and 33.6
19.6 mm for the standard-incision group; p = 0.82).

Physiotherapy and

Postoperative Mobilization

Of the 219 patients in the study, 209 (104 in the mini-incision
group and 105 in the standard-incision group) were well
enough on the second postoperative day to be mobilized ac-
cording to the set physiotherapy protocol. Ten patients were not
able to mobilize because of hypotension (five patients), hypoxia
(two), severe nausea (two), or acute renal insufficiency that re-
solved without the need for dialysis (one). No difference was de-
tected between the mini-incision and standard-incision group
with respect to the ability to transfer from the supine to the sit-
ting position (p = 0.27) or from the sitting to the standing posi-

tion (p = 0.28) or with regard to the ability to walk with a
walking aid (p = 0.49). In the timed 10-m walking test, the split
time for the middle 6-m segment was measured, allowing for
acceleration and deceleration in the first and last 2-m segments.
The 6-m and total 10-m walking times for the groups were not
found to be significantly different. In the timed stair-climbing
test, the times needed to ascend and descend four steps were
measured separately. Again, no significant difference in the stair
ascending or descending times was detected (Table V). Stride
analysis revealed no difference between the minimal-incision
and standard-incision groups with respect to the mean stride
length (70.7 £ 20.3 cm and 71.4 + 19.2 cm, respectively; p =
0.86), mean step length (41.75 £ 8.73 cm and 43.27 + 8.98 cm;
p = 0.41), mean cadence (43.4 £ 15.6 steps per minute and
46.3 + 16.1 steps per minute; p = 0.41), or mean walking
speed (0.21 m/s [range, 0.70 to 0.90 m/s] and 0.26 m/s [range,
0.07 to 0.85 m/s]; p = 0.40).

Length of Hospital Stay and

Discharge Disposition

All of our patients were admitted the day before surgery, which
is the present practice at our institution. The length of hospital
stay following surgery was similar for both groups, with a mean
of 3.65 days (range, two to thirteen days) for the mini-incision
group and 3.68 days (range, two to twenty-two days) for the
standard-incision group (p = 0.94). A total of 192 patients
(87.7%) were discharged to their homes; ninety-four were in

TABLE VI Femoral Stem Alignment on the Lateral and Anteroposterior Radiographs

Mini-Incision Group (no. of hips)

Standard-Incision Group (no. of hips)

Mean alignment on lateral radiograph
Neutral
Posterior
Anterior
Total

Mean alignment on anteroposterior radiograph
Neutral
Varus
Valgus
Total

76 74
25 34
4 1
105 109
102 101
3 8

0 0
105 109
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TABLE VIl Grade of Cement Mantle Around the Femoral Component*

Grade According to Mini-Incision Group Standard-Incision Group
System of Mulroy et al.* (no. [%] of hips) (no. [%] of hips) Total
A 32 (30.5) 29 (26.6) 61
B 45 (42.9) 54 (49.5) 99
c1 23(21.9) 22 (20.2) 45
c2 5 (4.8) 4(3.7) 9
D 0 0] 0
Total 105 109 214
*Radiographs were not available for four patients in the mini-incision group and for one patient in the standard-incision group.

the mini-incision group and ninety-eight were in the standard-
incision group. Of the remaining twenty-seven patients, two pa-
tients (1%) had died in the early postoperative period, eleven
(5.0%) were transferred to a nursing home, seven (3.2%) were
transferred to a rehabilitation unit, and seven (3.2%) went to
the home of a relative. Thirty-five (32%) of the 110 patients in
the standard-incision group were able to go home on day two
compared with twenty-nine (27%) of the 109 patients in the
mini-incision group. The patient variables significantly associ-
ated with the probability of discharge within three days were
patient age (Wald chi-square value = 33.36; p < 0.001) and pre-
operative hemoglobin level (Wald chi-square value = 10.53; p =
0.001). The main determinant of discharge to home was the
availability of adequate family support.

Radiographic Results

Complete sets of radiographs were available for 214 patients
(105 in the mini-incision group and 109 in the standard-incision
group). Two patients were transferred to acute care units before
postoperative radiographs were made, and three patients who
had only anteroposterior radiographs were excluded from the
analysis. The mean cup abduction angle (and standard devia-
tion) was 45.85° £ 5.0° in the mini-incision group and 46.65° =
5.6° in the standard-incision group (p = 0.28). With use of a
mean angle of <30° or >50° to define outliers, we found no dif-
ference between the two groups with respect to outliers; there
were sixteen outliers in the mini-incision group and nineteen in
the standard-incision group. Femoral stem alignment in both

the anteroposterior and lateral radiographs was similar for
both groups (Table VI). The mean stem angle on the anteropos-
terior radiograph was 0.81° = 1.25° of varus for the mini-
incision group and 1.02° = 1.49° of varus for the standard-
incision group (p = 0.27). With use of the chi-square tests for
analysis, the difference between the two groups with respect to
the stem alignment on the lateral radiograph was not found to
be significant (p = 0.20). The results for cement-mantle quality
are shown in Table VII. Statistical analysis showed no difference
between the two approaches in the grade of the cement mantle
(p = 0.93). None of the patients in this study had a grade-D ce-
ment mantle, and the mini-incision approach was not associ-
ated with a higher prevalence of grade-C2 mantles.

Results of Six-Week Review
A total of 215 patients were evaluated at six weeks following
surgery. One patient was seen at eight weeks, and another was
seen at three months. The remaining two patients had died in
the early postoperative period. Both were excluded from the
analysis. Both groups showed substantial overall improvement
in mobility and function relative to the baseline preoperative
status, but no difference was detected between the groups with
respect to the use of a walking aid (p = 0.78), Harris hip score,
Oxford hip score, WOMAC osteoarthritis index, or SF-12 gen-
eral health scores (Table VIII).

In the timed 10-m walk, no difference was found be-
tween the minimal-incision and standard-incision groups
with respect to the mean time (and standard deviation) re-

TABLE VIII Functional Hip Scores and SF-12 General Health Scores at Six Weeks*

Mini-Incision Groupt Standard-Incision Groupt P Value

Harris hip score 84.15 + 10.56 83.36 £ 8.33 0.54

WOMAC osteoarthritis index 74.40 £ 13.88 73.95+12.90 0.81

Oxford hip score 2497 £ 7.33 25.88 £ 6.29 0.33

SF-12 physical component score 38.48 £ 10.20 37.73 £9.48 0.58

SF-12 mental component score 50.61 £ 11.05 51.11 +£10.54 0.73
*WOMAC = Western Ontario and McMaster University Osteoarthritis Index, and SF-12 = Short Form-12. 1The values are given as the mean
and the standard deviation.
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corded for the middle 6-m segment (7.86 * 4.33 sec compared
with 7.16 £ 2.80 sec; p = 0.16) or for the overall 10-m distance
(13.52 + 7.10 sec compared with 12.36 + 4.69 sec; p = 0.16).

The scar measured a mean (and standard deviation) of
13.95 £ 1.26 cm in the standard-incision group and 8.44 + 1.02
cm in the mini-incision group. This represents a significant
mean contraction of 1.86 cm for the scar in the standard-incision
group and 1.06 cm for the scar in the mini-incision group (p =
0.01) at six weeks. As a percentage of total wound length at the
end of surgery, the wound from the standard incision had con-
tracted by a mean of 12% (1.86/15.81 cm) and the mini-incision
wound by 11% (1.06/9.5 cm). However, the difference between
the two groups with respect to the proportional change in scar
length at six weeks was not significant (p = 0.70).

Serious Complications

Two patients, both in the standard-incision group, died in the
early postoperative period. One of them, a sixty-eight-year-
old man with ischemic heart disease who had a previous an-
gioplasty, suffered an acute myocardial infarct; the other, an
eighty-three-year-old man, had extensive bowel infarction
from mesenteric vessel thrombosis.

Complications in the mini-incision group included a
deep infection, superficial wound infection, and early disloca-
tion in one patient each, and complications in the standard-
incision group included an early dislocation and proximal deep
venous thrombosis in one patient each. The patient with a deep
infection was treated with irrigation and débridement with re-
tention of the components and six weeks of intravenous antibi-
otics. The C-reactive protein levels remained normal at eight
months after reoperation. This patient was the only one who
had had additional surgery at the time of writing.

Discussion
D uring the past forty years, total hip arthroplasty has be-
come one of the most successful procedures for improv-
ing the quality of life for patients suffering from end-stage
degenerative joint disease. As the emphasis in health-care pro-
vision shifts toward greater cost-effectiveness and patient
choice, there is a danger of a widespread introduction of new
procedures without initial rigorous scientific evaluation. As a
result of pressure from both peers and patients, the ortho-
paedic community has widely embraced minimally invasive
total hip arthroplasty without objective evidence of its efficacy
in the early postoperative period, during which time its poten-
tial benefits are claimed to be substantial. There has also been
a rush by implant companies to manufacture and aggressively
market specialized surgical instruments for these procedures.
This prospective, randomized blinded study is the first, to the
best of our knowledge, to test whether minimally invasive to-
tal hip arthroplasty performed through a single-incision pos-
terior approach has any benefits over the standard-incision
total hip arthroplasty in the early postoperative period. To re-
duce confounding variables, a single surgeon using the same
method of component fixation performed all operations. An
arthroplasty fellow performed the initial approach in a small

A MINIMAL-INCISION TECHNIQUE IN TOTAL HIP ARTHROPLASTY
DOES NOT IMPROVE EARLY POSTOPERATIVE OUTCOMES

number of patients (sixteen; 15%) in the standard-incision
group, always under the direct supervision of the senior sur-
geon. While this may have had an impact on operative time, it
did not affect estimated blood loss or component positioning.
The standardization of anesthetic, pain management, and re-
habilitation protocols combined with the blinding of patients
and nursing and physical therapy staff ensured that patients
recovered at their own pace. The study design also eliminated
any possible improvement in functional performance result-
ing from the positive psychological impact that may be con-
ferred by a new surgical technique, the so-called Hawthorne
effect™.

In our study, even though the reported intraoperative
blood loss was significantly greater in the standard-incision
group, no difference was found in the hematocrit at eight
hours or at discharge or in the postoperative blood transfu-
sion rates. This highlights the inherent weakness of the use of
measurements of blood in suction bottles and weighed swabs
to estimate blood loss. Sehat et al.” reported that 26% of the
blood loss following total hip arthroplasty is hidden and is
not recognized by the usual methods of assessing intraopera-
tive loss and postoperative drainage. The significantly higher
estimated blood loss for the standard-incision group may also
indicate some suggestibility on the part of operating-room
staff, who, since they were not blinded, may have anticipated
greater blood loss.

We did not use any specialized instrumentation for the
minimally invasive approach. This did not affect the accuracy
of component placement or contribute to an increase in the
prevalence of wound problems.

Although reduced pain is one of the benefits that have
been cited for the minimally invasive approach, none of the
reported studies have included an objective assessment of this
parameter. Sculco et al.® reported that, with the mini-incision
technique, postoperative rehabilitation can be accelerated, but
the rationale for this was not stated. Dorr”, who described a
series of ninety patients, reported that the daily pain score
during hospitalization averaged 3 on a scale of 10. There was,
however, no control group. We found no difference in postop-
erative pain scores or morphine use between the groups.

Reduced soft-tissue trauma is another of the potential
benefits cited for minimally invasive total hip arthroplasty.
Cytokines that include C-reactive protein are the main media-
tors of inflammation and response to trauma. Studies in gen-
eral surgery have shown a reduced acute phase cytokine
response in laparoscopic compared with open cholecystec-
tomy or hernia repair®*. This has been attributed to the re-
duced amount of soft-tissue trauma. Following total hip
arthroplasty, C-reactive protein is known to increase from
baseline, peaking on the second postoperative day”"’. We
compared the acute phase increase in C-reactive protein lev-
els between our two groups and found no difference. This may
imply that the mini-incision is no less traumatic than a 16-cm
standard incision.

Safe and independent mobility is the key objective in
physical therapy after minimally invasive total hip arthroplasty.
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DiGioia et al.” reported that their patients had a significant im-
provement with respect to the limp and the ability to climb
stairs at three months (p = 0.04 and p = 0.009, respectively); an
improvement with respect to the limp, distance walked, and the
ability to climb stairs at six months; and no difference at one
year. Their study group, however, was selected from a larger co-
hort of 121 patients, and there was no indication of how these
parameters were tested. Dorr” considered the results of gait
analysis in a subgroup of ten patients from a group of 105 pa-
tients. Higher levels of function were reported for the mini-
incision group, but the postoperative protocols had differed.
Our study, which used validated measures of function, did not
show any significant benefit from the minimally invasive ap-
proach in the immediate postoperative period or at six weeks.
The Harris hip score, Oxford hip score, and WOMAC osteoar-
thritis index are widely used and validated disease-specific mea-
sures for assessing outcome following total hip arthroplasty.
The SF-12 health survey is a generic measure of health status
developed to provide a shorter alternative to the Short Form-36
(SF-36) in monitoring large study samples. It is easier to admin-
ister and has proven reliability and validity. Our study is the
first, as far as we know, to use this spectrum of outcome mea-
sures. Again, we found no significant benefit of the mini-
incision over the standard incision, when assessed with use of
these patient-derived outcome measures.

The impact of reduced visualization on the accuracy of
component placement is seen as a potential disadvantage of the
minimally invasive approach. Woolson et al.® reported that a
significantly higher percentage of the cementless stems in their
mini-incision group were graded as having poor fit and fill (p =
0.02). In contrast, component placement on radiographic anal-
ysis was similar for both of our study groups. The rate of aseptic
loosening has previously been shown to be significantly higher
for grade-C2 cement mantles compared with grade-A, B, and
C1 mantles” (p < 0.05). In this study, the use of the minimal in-
cision does not appear to have compromised the quality of the
cement mantle. Even in the patient subgroups in which surgery
was subjectively thought to be more difficult, objective measures
such as operative time, component position, and cement-
mantle quality were similar for both groups. These results, how-
ever, may be a reflection of surgeon experience.

Several authors have reported a reduced length of stay
following minimally-invasive total hip arthroplasty>**. No
mention was made, however, of the impact that changes in an-
esthetic, pain management, and physical therapy protocols
had on overall patient recovery. Having standardized these, we
found that the patient variables most strongly associated with
the probability of early discharge were age and preoperative
hemoglobin and not the surgical technique. Previous studies
have established patient age as an independent predictor of
the length of hospital stay following primary hip arthro-
plasty”*. The preoperative hemoglobin level has been shown
to predict the likelihood of receiving a postoperative blood
transfusion®, which in turn is associated with an increased
length of stay’*'. In our study, a low preoperative hemoglobin
level was associated with the likelihood of a hospital stay of
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greater than three days, independent of the transfusion status.
This finding suggests that the preoperative hemoglobin level
may be useful as an independent predictor of the likelihood of
early discharge following total hip arthroplasty. Additional
studies are required to confirm this. Katz et al.” found that
postoperative morbidity and mortality following total hip ar-
throplasty was substantially lower in patients treated by sur-
geons with a high annual volume of caseloads working in
high-volume hospitals. Similar results have been seen in other
surgical specialties”. This study, therefore, possibly represents
a best-case scenario of an experienced, high-caseload surgeon
working in a high-volume arthroplasty unit.

Although we did not specifically investigate patient atti-
tudes to the cosmetic appearance, we found that the surgical
scar contracted by an average of 11% to 12% over a period of
six weeks.

Our follow-up period was short but covered the criti-
cal time when the benefits of the minimally invasive ap-
proach to total hip arthroplasty are proposed to be maximal.
Longer-term studies are required to investigate the impact of
the use of the minimally invasive approach on the durability
of hip replacements.

In conclusion, minimally invasive total hip arthroplasty
performed through a single-incision posterior approach by a
high-volume hip surgeon with extensive experience is a safe and
reproducible procedure, but it offers no significant benefit in
the early postoperative period compared with a standard inci-
sion of 16 cm. Whether lower-volume or less experienced sur-
geons can achieve similar results is not known and merits
further study before wide dissemination and implementation of
this family of surgical approaches can be recommended. m
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