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Abstract Purported advantages of THA performed with
minimally invasive surgical approaches include less muscle
damage and faster recovery. The purpose of this preliminary
investigation was to determine if differences existed between
minimally invasive approaches in hospital discharge and
early functional recovery in THA patients with a rapid
rehabilitation protocol. Twenty-four consecutive patients
were randomized to one of three minimally invasive surgical
approaches (two-incision, mini-posterior, and mini-antero-
lateral) and enrolled in an aggressive postoperative
rehabilitation program. Hospital discharge, early functional
milestone recovery, and validated outcome measures (SF-
36, WOMAC, Harris hip score, lower extremity activity
scale) were collected. All patients met hospital discharge
criteria no later than the first postoperative day. There was no
difference in hospital discharge, functional milestone
recovery, or validated outcome measures during the first year
after surgery with the numbers available. There were no
complications directly related to early hospital discharge or
the aggressive rehabilitation protocol. While the data suggest
earlier hospital discharge and rapid rehabilitation protocols
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may be implemented successfully we found no difference
between the three minimally invasive approaches in early
hospital discharge or early functional recovery utilizing a
rapid rehabilitation protocol.

Level of Evidence: Level IV, therapeutic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Recently, minimally invasive surgical (MIS) techniques in
THA have been introduced and reportedly offer advantages
over standard surgical approaches. These advantages
include shorter hospital stays and more rapid rehabilitation
and recovery ostensibly owing to less muscle and tendon
damage [4, 7, 8, 11, 17, 18, 26, 28]. However, there is little
evidence to demonstrate whether any of the various mini-
mally invasive surgical approaches provides faster
recovery and return to function after THA. Furthermore, it
remains controversial whether rapid rehabilitation proto-
cols are warranted and result in faster recovery after THA.

We designed this preliminary investigation to compare
the early hospital discharge, functional milestone recovery,
and standardized outcomes (SF-365, WOMAC, Harris hip
score, activity score) with three different minimally
invasive surgical approaches to THA (two-incision, mini-
posterior, and mini-anterolateral) utilizing a rapid rehabil-
itation protocol.

Materials and Methods

Twenty-seven hips in 25 patients were prospectively ran-
domized into one of three groups: two-incision MIS
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approach, mini-posterior approach, and mini-anterolateral
approach. Upon enrollment, randomization to one of three
surgical approaches was performed by computer random-
ization. We offered enrollment for all patients meeting the
following criteria: (1) a primary diagnosis of degenerative
arthritis, rheumatoid arthritis, or osteonecrosis; (2) an age
of greater than 18 years and less than 75 years; (3) a body
mass index less than or equal to 30; (4) no previous hip
surgery, implants, arthrodesis, or infection; and (5) no
neurologic, musculoskeletal, or medical conditions that
would adversely affect the ability to comply with early
weightbearing and encouraged early functional recovery in
the postoperative period. Two of the 25 patients were
unable to comply with the postoperative rapid rehabilita-
tion program due to severe bilateral hip pain, stiffness, and
subsequent gait disturbance. One patient declined due to
apprehension of the randomization process and the uncer-
tainty associated with the investigational nature of the
study, leaving 22 patients (24 hips) for evaluation. One
patient in the anterolateral MIS group suffered an early
postoperative infection and underwent irrigation and
débridement with component retention at 3 weeks. That
patient’s hospital discharge data were included in the
results; however, the outcome data after the subsequent
surgical procedure were excluded from the analysis. Thus,
23 hips (eight two-incision MIS approach, eight mini-
posterior approach, and seven mini-anterolateral approach)
in 21 patients were left with preoperative, 6-week,
3-month, 6-month, and 1-year followup data for evaluation
and comparison. The mean patient age was 54 years
(range, 38-74 years) with an average body mass index of
26 (range, 21-30). No patients were lost to followup and
the patients obtained followup at all of the stated intervals
during the first year. The minimum followup was
12 months (mean, 13.6 months; range, 12-24 months).
There was no difference between the three study groups
with regard to age, height, weight, or body mass index (all
demographic p values greater than 0.63). Institutional
Review Board approval was obtained and all patients
provided informed consent before enrollment.

To minimize confounding variables, the surgical
implants, anesthesia, preoperative teaching, patient educa-
tion and expectations, and rapid rehabilitation protocols
were identical in every patient in all three study groups.
All prosthetic implants consisted of a press-fit acetabular
component (Trilogy"'r"\’; Zimmer, Inc, Warsaw, IN) and
a cementless fully porous-coated femoral component
(VerSys® Beaded FullCoat; Zimmer). All acetabular
components were supplemented with two screws and all
modular acetabular liners were made of highly crosslinked
polyethylene (Longevity™; Zimmer). A relatively constant
acetabular-femoral head ratio was achieved, while main-
taining a minimum 6-mm polyethylene thickness.
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Therefore, all hips with a Size 56 or greater acetabular
component received a 32-mm-diameter head and all ace-
tabular components Size 54 or smaller received a 28-mm
femoral head.

The three MIS surgical approaches were carried out as
commonly performed and described by other investigators
[4-8, 12]. The mini-anterolateral approach is a modifica-
tion of the Hardinge approach [15]. The performing
surgeon received comprehensive training in all three sur-
gical techniques in residency and in fellowship. In addition
to comprehensive training by surgeon developers and
investigators [7, 22] of the two-incision MIS approach in
residency and fellowship, the surgeon completed the
industry-required training for the procedure. Specialized
MIS instruments that included lighted retractors and cutout
acetabular reamers were used in all cases. A deep surgical
drain was used in every case.

Every patient in all three groups was managed with an
identical comprehensive multimodal anesthesia protocol.
The protocol is based on the principle investigator’s (RMM)
prior experience with the two-incision MIS approach [7, 22]
in combination with modifications initiated at our institu-
tion by our pain management anesthesia service. On the
morning of surgery, preemptive analgesia and antiemetic
medications were administered orally, along with a sco-
polamine patch. The preoperative medications included
acetaminophen, oxycodone SR (OxyContin®; Purdue
Pharma, Stamford, CT), celecoxib (Celebrex@; Pfizer, Inc,
Princeton, NJ), famotidine (Pepcid™; Johnson & Johnson-
Merck Consumer Pharmaceuticals Co, Fort Washington,
PA), hydroxyzine (Atarax‘:'ﬁ‘; Pfizer), and ondansetron
(Zofran‘@; GlaxoSmithKline, Inc, Research Triangle Park,
NC). All patients received a single-shot spinal of long-
acting anesthetic plus intrathecal preservative-free mor-
phine in the preoperative holding area and a general
anesthetic during surgery. Long-acting local anesthetic was
injected into the superficial wound and deep tissues,
superficial to the fascia, and a sterile dressing was applied to
the wounds. In patients who were selected to undergo an
MIS single-incision approach, long-acting local anesthesia
and a phantom dressing were placed at the location where
the anterior incision would have been had a two-incision
approach been utilized. A dedicated pain management
service managed the patients’ postoperative analgesia and
parenteral opioids were avoided. The patients were given
scheduled doses of oxycodone SR every 12 hours for 72
hours and celecoxib for 5 days postoperatively. Short-act-
ing oral narcotics were used for breakthrough pain.

To limit study bias in the assessment of speed of
recovery and length of hospital stay, the patient, nursing
staff, and physical therapist were blinded to the surgical
incisions and the randomly assigned surgical approach.
This was accomplished by the placement of two similar
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operative dressings on every patient regardless of approach
used, which included the phantom anterior dressing in all
patients with a single-incision MIS approach. The dress-
ings were maintained throughout the entire hospital stay
and removed just before discharge. The operating room
personnel were not allowed to communicate the surgical
approach to any other members of the healthcare team and
long-acting local anesthetics were used in all incisions to
limit the patient’s perception of incision location in the
immediate postoperative period. The blinding of the sur-
gical approach was maintained only while the patient was
in the hospital and ceased with the removal of the surgical
dressings at discharge.

All patients received a single preoperative physical
therapy session to orient them to the postoperative phys-
ical therapy protocol and expectations. All patients
received an identical postoperative rehabilitation protocol,
which included inpatient physical therapy and occupa-
tional therapy starting the day of surgery. All study
patients were scheduled as the first case of the day to
allow ample recovery and time to undergo the first phys-
ical therapy session in the afternoon the day of surgery.
All patients were weightbearing as tolerated and were
instructed to employ universal hip precautions that
avoided hip flexion with internal rotation and combined
hip external rotation and full extension while weight-
bearing. No attempt was made to perform the surgery on
an outpatient basis and no patients were allowed to dis-
charge home the day of surgery; however, every patient
was given identical preoperative instructions and expec-
tations to discharge home the first postoperative day if
able to safely. Every patient in all three groups was sub-
jected to identical objective discharge criteria, which
mandated patients could safely and independently perform
all of the following activities: transfer out of bed to
standing and into bed from standing, rise from a chair to
standing and sit from standing, ambulate 100 feet, and
ascend and descend a flight of four stairs. Once these
criteria were met, the patient’s pain was adequately con-
trolled with oral pain medications, and medically stable,
the patient was discharged from the hospital. The physical
therapy session in which the patient completed all of the
above required items for discharge was documented and
compared between each study group, as well as the day of
discharge from the hospital.

Once discharged from the hospital, the patients contin-
ued physical therapy either in their homes or at an
outpatient physical therapy facility. To minimize the vari-
ability among therapists and create uniformity of
postoperative physical therapy among all patients in the
study arms, we provided standardized instructions to the
physical therapists outside our institution to delineate a
strict rehabilitation protocol. The patient and therapist were

encouraged to advance as quickly as safely possible.
Patients were able to progress to a cane as tolerated and
encouraged to use a cane until they felt comfortable and
safe, at which point the patient was able to discontinue the
cane. Patients were also encouraged to resume activities as
tolerated. Patients who were employed were encouraged to
return to work as soon as they felt comfortable enough to
do so.

Functional outcome measures included the SF-36 [27]
WOMAC osteoarthritis index [3], Harris hip score [16],
and lower extremity activity scale (LEAS) [25]. The
mental component and physical component scores of the
SF-36 were reported separately. Each patient received a
patient diary into which was recorded when functional
milestones were reached. The functional milestones
included discontinuation of walker, cane, or other assistive
device, discontinuation of oral narcotics, return to work,
and resumption of driving. The clinical study coordinator
(SAS) obtained the SF-36, WOMAC, Harris hip, and
LEAS scores preoperatively and at the 6-week, 3-month,
6-month, and 1-year postoperative intervals. These out-
come measures were compared between the three surgical
approach groups utilizing the measured improvement from
the preoperative level as determined by the difference
between values at a given time interval and preoperatively.
A comparison between the three study groups of the mean
number of days to reach the functional milestones was also
performed.

We used one-way analysis of variance to compare the
number of physical therapy sessions after surgery required
to meet discharge criteria, postoperative day of hospital
discharge, number of days required to reach functional
milestones, and the recovery of validated outcome mea-
sures among the surgical approach groups. We also used
one-way analysis of variance to compare the differences in
outcome measures from preoperative baseline values
among the three groups at the four time intervals. A post
hoc Tukey test was performed when an F test was
significant at the 0.05 level.

Results

All study patients met the study-mandated physical therapy
discharge requirements by the third therapy session
(Table 1), and with no difference (p = 0.417) in the mean
numbers of sessions between the three surgical approach
groups. Nineteen of the 24 hips were medically stable,
satisfied the physical therapy discharge criteria, and were
discharged on the first postoperative day after surgery.
Three hips in two patients (one patient underwent bilateral
THA separated by 10 months, both randomized to two-
incision approaches) remained an additional postoperative
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Table 1. Mean hospital discharge and milestone achievement data

Milestone Two-incision approach
Number of physical therapy sessions 2.0
to reach discharge criteria
Discharge hospital postoperative day 1.5
Off walker (days) 6.6
Off all assist (days) 15.1
Off pain medicines (days) 30.9
Return to work (days) 49.7
Resume driving (days) 16.5

day due to anxiety related to early hospital discharge.
There was no difference (p = 0.796) in the mean day of
hospital discharge among the three surgical approach
groups.

There was no difference among the surgical approach
groups in the recovery time required to reach functional
milestones (Table 1). The mean time for all hips to dis-
continue a walker for a cane was 9.3 days (range, 1-
26 days) and the mean time to discontinue the cane was
22.4 days (range, 3—57 days). Patients discontinued the use
of narcotic pain medications at a mean of 15.2 days (range,
4-34 days), with no difference observed among study
groups. The recovery time to resume driving was similar
for the three groups at a mean of 23.7 days (range, 8-
67 days), and the time to return to work full time was also
similar among groups with a mean of 46.7 days (range, 19—
94 days).

Improvements in the mean SF-36 physical component
scores, LEAS scores, WOMAC scores, and Harris hip
scores were observed at all postoperative time intervals
compared to the preoperative values in all groups
(Table 2). However, there was no difference among groups
with regard to the improvement of mean SF-36 physical
and mental component scores, LEAS scores, WOMAC
scores, and Harris hip scores at any of the time intervals
compared to the preoperative values (Table 2).

There were no intraoperative femoral fractures in any
group. There was a minimally displaced greater trochan-
teric fracture observed at the 3-month followup in two
patients; one underwent a two-incision approach and the
other a mini-anterolateral approach. Both patients were
asymptomatic at final followup without Trendelenburg gait
and with full symmetric abductor strength. Two patients in
the two-incision approach required a single blood transfu-
sion due to postoperative anemia. Five of the eight hips in
the two-incision approach group suffered a lateral femoral
cutaneous nerve neuropraxia postoperatively. Three of the
five neuropraxias had resolved by the 1-year followup, and
two hips had persistent anterolateral thigh numbness.
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Mini-posterior approach Mini-anterolateral approach p Value
1.8 1.5 0.42
1.6 1.3 0.70

10.9 15.1 0.41

274 32 0.17

23.8 29.6 0.58

37.5 53 0.52

25.1 30.3 0.09

Table 2. Mean functional outcome measure data

Outcome Two-incision ~ Mini- Mini- Ap

measure approach posterior anterolateral ~ Value
approach  approach

SF-36 PCS

Preoperative  30.6 28.7 36.9

6 weeks 47.2 429 41.6 0.17

3 months 52.7 50.3 50 0.23

6 months 524 48.4 52.7 0.66

1 year 554 54.4 55.3 0.36

SF-36 MCS

Preoperative ~ 46.2 51.7 53.2

6 weeks 58.7 532 60.2 0.2

3 months 59.5 57.9 59.7 0.47

6 months 58.2 56.8 57.6 0.43

1 year 58 544 55.3 0.37

WOMAC

Preoperative ~ 41.6 522 54.8

6 weeks 87.2 81.6 87.7 0.13

3 months 914 92.7 93 0.46

6 months 94.5 95.6 95.4 0.56

1 year 95.2 97.3 96.4 0.55

Harris hip score

Preoperative  41.8 47.8 46.4

6 weeks 79.4 71.5 81.5 0.57

3 months 92.9 90 89.4 0.41

6 months 93.1 87.3 95.8 0.44

1 year 95.1 95.5 95.4 0.77

LEAS

Preoperative 9.9 9.5 9.9

6 weeks 10.6 10 10 0.99

3 months 12 11.8 11.6 0.99

6 months 12.6 13.1 12.7 0.66

1 year 12.6 13.4 12 0.63

A p value = p value among groups of the change, or delta (differ-
ence), between preoperative value and the value at the specified
followup interval; PCS = physical component score; MCS = mental
component score; LEAS = lower extremity activity scale.
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Discussion

MIS approaches to THA remain controversial. Some
investigators report MIS techniques result in faster reha-
bilitation and rapid recovery after THA [4, 7, 8, 11, 17, 18,
26, 28]. Currently, conclusive evidence is lacking to sup-
port that a certain surgical approach provides a faster
recovery and return to function. This preliminary investi-
gation was designed to compare the early hospital
discharge and early recovery with three different MIS
approaches to THA, including the two-incision approach,
utilizing a rapid rehabilitation protocol.

The main limitation of this study is the relatively small
patient numbers in each cohort. However, we believe the
strict patient selection criteria, adherence to the experi-
mental design, and the employment of a randomized,
prospective, inpatient blinded study enhance the value of
the data. While MIS techniques for THA have generated
substantial clinical interest from arthroplasty surgeons and
patients, they have not been studied with the scientific rigor
to match the level of patient and surgeon enthusiasm, as
well as marketing emphasis and resources. Furthermore,
we minimized confounding variables by developing stan-
dardized protocols for preoperative expectations and
teaching, perioperative pain, and rehabilitation and strictly
adhering to them. Nonetheless, this study should be con-
sidered a preliminary investigation due to the small cohort
numbers.

Early hospital discharge has been recently reported
with MIS techniques and has been attributed to the sur-
gical approach by some authors [7, 12, 13]. In an initial
report, Berger et al. [7] reported 97% of a series of 100
consecutive patients who underwent THA through a MIS
two-incision approach were performed as an outpatient
and 100% were discharged from the hospital within 23
hours. A retrospective cohort study of two-incision versus
mini-posterior approaches reported a shorter length of
hospital stay in the two-incision approach [13]. A mean
time to discharge of 30.7 hours in the two-incision group
was reported, compared to 44.6 hours in the mini-pos-
terior approach group [13]. In a prospective, randomized,
blinded trial comparing MIS and conventional posterior
approach THA, Dorr et al. [12] reported a decreased
average hospital stay in the MIS group of 63.2 hours
compared to 73.6 hours in the traditional approach group.
In an early report of a consecutive series, the mean time
to discharge was shorter for two-incision approach THA
patients compared to standard, traditional posterior
approach patients at 2.8 days and 5.2 days, respectively
[20]. However, the authors noted a rapid rehabilitation
protocol or expectations for early hospital discharge were
not employed [20]. In a more recent prospective, ran-
domized clinical trial, Pagnano et al. [22] reported there

was no difference between the two-incision approach and
the mini-posterior approach in hospital discharge, with
both groups having a mean hospital stay of 2.6 days.
However, all patients had an indwelling femoral nerve
catheter that was not discontinued until the morning of
the second postoperative day [22].

Our data demonstrate patients undergoing THA with a
MIS approach, a standardized, advanced perioperative
anesthesia protocol, preoperative teaching, and appropriate
patient expectations can reliably be discharged from the
hospital on the first postoperative day, regardless of the
surgical approach. Nineteen of 24 hips (18 of 22 patients)
discharged from the hospital on the day after surgery and
all patients met the objective physical therapy goals for
discharge by the afternoon the day after surgery. Early
discharge from the hospital does not appear to be depen-
dent on surgical approach as has been suggested in
published reports [7]. Even in the comparative studies that
report a shorter hospital stay with MIS approaches [12, 13],
the differences are in hours, which we believe are irrele-
vant among the many factors related to patient discharge.
Furthermore, our study shows early discharge can be
consistently achieved on the first postoperative day with a
mini-posterior or mini-anterolateral approach.

The functional milestone recovery data in this study is
somewhat inconsistent with the reports by Berger et al. [7],
who reported a mean time for discontinuation of narcotic
medications and assistive devices of 6 and 9 days,
respectively, with the two-incision MIS approach. The
patients in our study were able to discontinue narcotics and
resume walking without an assist device at a mean of 15
and 22 days, respectively. These conflicting results may be
due to the avoidance of a selection bias in our study, as all
patients were enrolled consecutively if they met inclusion
criteria regardless of personality characteristics, general
fitness, or motivation. Also, there was no observed benefit
with the two-incision compared to the mini-posterior and
mini-anterolateral approaches in recovery of functional
milestones with the available numbers. These data are
consistent with those recently reported by Pagnano et al.
[22], who documented no difference between the two-
incision and mini-posterior approach with regard to func-
tional milestone attainment in a prospective, randomized
trial. They reported discontinuation of narcotics at a mean
of 15 and 17 days, discontinuation of all assist devices at
33 and 24 days, and resumption of driving at 31 and
27 days in the two-incision and mini-posterior approaches,
respectively [22]. While the results of these studies fail to
provide conclusive evidence for one MIS approach over
another, the data do provide evidence that MIS techniques
in general can offer a relatively rapid recovery when
combined with rapid rehabilitation protocols, patient edu-
cation, and advanced perioperative anesthetic techniques.
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However, there is evidence that implementation of a
patient education and rapid rehabilitation program may
expedite patient recovery in traditional THA [10]. In
addition, a recent randomized, prospective study revealed
an accelerated preoperative and postoperative rehabilita-
tion program resulted in faster recovery, rather than if a
MIS surgical technique was used [23].

Health-related quality-of-life measures document THA
improves the quality of life in patients with osteoarthritis
[14, 24]. The mean SF-36 physical component and WO-
MAC scores of our patients improved over the preoperative
values although we found no difference among the three
MIS surgical approaches at any time interval. The LEAS is
a self-administered activity scale questionnaire, validated
as an effective instrument for the assessment of patient
activity levels [25]. We observed no difference between the
three surgical approaches by this outcome measure; how-
ever, all three study groups improved by the 6-week
followup over the preoperative level and continued to
improve at the 1-year followup. All patients demonstrated
an improvement in the Harris hip score at 6 weeks and
continued to improve over the first year, yet no difference
was seen among the surgical approach groups.

We noted an increased incidence of complications,
including five lateral femoral cutaneous nerve palsies, a
late trochanteric avulsion fracture, and two blood transfu-
sions, in the two-incision approach. These findings are
consistent with other reports documenting increased
complications with the two-incision MIS surgical approach
[1, 2, 20].

Despite the small patient numbers, our data along with
existing reports in the literature [9, 19, 21, 22], fail to
demonstrate a clear benefit in rapid recovery when utilizing
one MIS technique over another. Along with other inves-
tigations, these data provide evidence that early hospital
discharge and recovery of function are possible when MIS
techniques are utilized with comprehensive modern peri-
operative anesthesia, proper patient education and
expectations, and a rapid rehabilitation protocol; however,
the latter factors are more likely to result in faster recovery
than the surgical technique [23].

Acknowledgments We sincerely thank our patients who were
willing to enroll in this prospective, randomized trial and have
remained thorough in their followup. We could not have completed
this study without their commitment and dedication in the pursuit of
clinical knowledge through the scientific process. We also thank the
physicians and staff at St Vincent Hospital in Indianapolis, IN, for
their support and cooperation in this study.

References
1. Archibeck MJ, White RE Jr. Learning curve for the two-incision

total hip replacement. Clin Orthop Relat Res. 2004;429:232-238.

@ Springer

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Bal BS, Haltom D, Aleto T, Barrett M. Early complications of
primary total hip replacement performed with a two-incision
minimally invasive technique. J Bone Joint Surg Am.
2005;87:2432-2438.

. Bellamy N, Wells G, Campbell J. Relationship between severity

and clinical importance of symptoms in osteoarthritis. Clin
Rheumatol. 1991;10:138-143.

. Berger RA. Total hip arthroplasty using the minimally invasive

two-incision approach. Clin Orthop Relat Res. 2003;417:232-241.

. Berger RA. Mini-incision total hip replacement using an anter-

olateral approach: technique and results. Orthop Clin North Am.
2004;35:143-151.

. Berger RA, Duwelius PJ. The two-incision minimally invasive

total hip arthroplasty: technique and results. Orthop Clin North
Am. 2004;35:163-172.

. Berger RA, Jacobs JJ, Meneghini RM, Della Valle C, Paprosky

W, Rosenberg AG. Rapid rehabilitation and recovery with min-
imally invasive total hip arthroplasty. Clin Orthop Relat Res.
2004;429:239-247.

. Berry DJ, Berger RA, Callaghan JJ, Dorr LD, Duwelius PJ,

Hartzband MA, Lieberman JR, Mears DC. Minimally invasive
total hip arthroplasty: development, early results, and a critical
analysis. Presented at the Annual Meeting of the American
Orthopaedic Association, Charleston, South Carolina, USA, June
14, 2003. J Bone Joint Surg Am. 2003;85:2235-2246.

. Chimento GF, Pavone V, Sharrock N, Kahn B, Cahill J, Sculco

TP. Minimally invasive total hip arthroplasty: a prospective
randomized study. J Arthroplasty. 2005;20:139-144.

Crowe J, Henderson J. Pre-arthroplasty rehabilitation is effective
in reducing hospital stay. Can J Occup Ther. 2003;70:88-96.
DiGioia AM 3rd, Plakseychuk AY, Levison TJ, Jaramaz B. Mini-
incision technique for total hip arthroplasty with navigation.
J Arthroplasty. 2003;18:123-128.

Dorr LD, Maheshwari AV, Long WT, Wan Z, Sirianni LE. Early
pain relief and function after posterior minimally invasive and
conventional total hip arthroplasty: a prospective, randomized,
blinded study. J Bone Joint Surg Am. 2007;89:1153-1160.
Duwelius PJ, Burkhart RL, Hayhurst JO, Moller H, Butler JB.
Comparison of the 2-incision and mini-incision posterior total hip
arthroplasty technique: a retrospective match-pair controlled
study. J Arthroplasty. 2007;22:48-56.

Ethgen O, Bruyere O, Richy F, Dardennes C, Reginster JY.
Health-related quality of life in total hip and total knee arthro-
plasty: a qualitative and systematic review of the literature.
J Bone Joint Surg Am. 2004;86:963-974.

Hardinge K. The direct lateral approach to the hip. J Bone Joint
Surg Br. 1982;64:17-19.

Harris WH. Traumatic arthritis of the hip after dislocation and
acetabular fractures: treatment by mold arthroplasty. An end-
result study using a new method of result evaluation. J Bone Joint
Surg Am. 1969;51:737-755.

Hartzband MA. Posterolateral minimal incision for total hip
replacement: technique and early results. Orthop Clin North Am.
2004;35:119-129.

Kennon RE, Keggi JM, Wetmore RS, Zatorski LE, Huo MH,
Keggi KJ. Total hip arthroplasty through a minimally invasive
anterior surgical approach. J Bone Joint Surg Am. 2003;85(Suppl
4):39-48.

Ogonda L, Wilson R, Archbold P, Lawlor M, Humphreys P,
O’Brien S, Beverland D. A minimal-incision technique in total
hip arthroplasty does not improve early postoperative outcomes: a
prospective, randomized, controlled trial. J Bone Joint Surg Am.
2005;87:701-710.

Pagnano MW, Leone J, Lewallen DG, Hanssen AD. Two-incision
THA had modest outcomes and some substantial complications.
Clin Orthop Relat Res. 2005;441:86-90.



Volume 467, Number 6, June 2009

Early Recovery in MIS THA 1437

21.

22.

23.

24.

Pagnano MW, Trousdale RT, Meneghini RM, Hanssen AD.
Patients preferred a mini-posterior THA to a contralateral two-
incision THA. Clin Orthop Relat Res. 2006;453:156—159.
Pagnano MW, Trousdale RT, Meneghini RM, Hanssen AD.
Slower recovery after two-incision than mini-posterior-incision
total hip arthroplasty: a randomized clinical trial. J Bone Joint
Surg Am. 2008;90:1000-1006.

Pour AE, Parvizi J, Sharkey PF, Hozack WJ, Rothman RH.
Minimally invasive hip arthroplasty: what role does patient pre-
conditioning play? J Bone Joint Surg Am. 2007;89:1920-1927.
Ritter MA, Albohm MJ, Keating EM, Faris PM, Meding JB.
Comparative outcomes of total joint arthroplasty. J Arthroplasty.
1995;10:737-741.

25.

26.

217.

Saleh KJ, Mulhall KJ, Bershadsky B, Ghomrawi HM, White LE,
Buyea CM, Krackow KA. Development and validation of a
lower-extremity activity scale: use for patients treated with
revision total knee arthroplasty. J Bone Joint Surg Am.
2005;87:1985-1994.

Sculco TP. Minimally invasive total hip arthroplasty: in the
affirmative. J Arthroplasty. 2004;19(4 Suppl 1):78-80.

Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health
survey (SF-36). I. Conceptual framework and item selection. Med
Care. 1992;30:473-483.

. Wenz JF, Gurkan I, Jibodh SR. Mini-incision total hip arthro-

plasty: a comparative assessment of perioperative outcomes.
Orthopedics. 2002;25:1031-1043.

@ Springer



	Early Discharge and Recovery with Three Minimally Invasive Total Hip Arthroplasty Approaches: A Preliminary Study
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


