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Abstract

Background It is a general belief among hip surgeons that

minimally invasive surgical (MIS) approach for implanta-

tion of a total hip arthroplasty (THA) allows an improved

and faster postoperative rehabilitation because of reduced

muscle and soft-tissue damage, less postoperative pain and

blood loss, and shorter hospital stay compared with con-

ventional approaches. In the published relative literature

though, there are controversial reports and debates on this

matter. To our knowledge, there is no study on the med-

ium-term functional results comparing MIS and traditional

approaches for total hip replacement. The purpose of this

prospective comparative controlled study was to compare

MIS with conventional approach, on terms of pain, blood

loss, and functional recovery over a follow-up period of

4 years.

Methods In a total of 90 consecutive randomly selected

adult patients, who suffered from unilateral primary hip

osteoarthritis, a cementless Zweymüller-Plus THA (SL-

Plus stem, Bicon screw socket) was implanted by a single

senior orthopedic hip surgeon in one institution in the same

period. Forty-five patients (group A) were operated using

an MIS anterolateral, short incision, muscle-sparing

approach and 45 (group B) with a conventional (antero-

lateral modified Watson-Jones) approach under partial

detachment of gluteus medius and minimus. Anthropo-

metric data, blood loss, short-form 36 questionnaire, visual

analog scale pain score, and walking endurance were

included in the analysis. Approach-related surgical

complications (trochanter major fracture, Bicon malposi-

tion) were recorded. Data were collected postoperatively

and at 4-year follow-up.

Results Two patients of group A and eight patients of

group B were excluded from the final analysis. Thus, 80

patients were eligible for the final evaluation 4 years

postoperatively. Postoperative pain score was less in the

MIS group. However, no differences in perioperative blood

loss, functional outcome, and walking endurance were

shown between groups. No difference in Bicon cup

implantation angle was measured in postoperative roent-

genograms between group A and B patients, no intraop-

erative trochanter fracture occurred in any patient of both

groups.

Conclusions The present prospective randomized study

revealed no significant mid-term clinical and functional

benefit for patients who underwent a THA through an MIS

in comparison with those who were managed with a con-

ventional open approach.
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Introduction

Minimally invasive surgery (MIS) techniques have gained

an increased interest among orthopedic surgeons in the last

decade. In the field of total hip arthroplasty (THA), a

debate has started worldwide in the recent years regarding

the possible clinical benefits of minimal invasive approa-

ches as compared with the conventional ones. No clear

definition exists for what constitutes MIS THA, but there is

a relative consensus that THAs performed with any incision
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\10 cm can be included [1]. Others define it as a technique

that causes no damage to the soft tissue and muscles [2].

The rationale for MIS is a minimized tissue dissection,

resulting in reduced blood loss, pain, hospital stay, and

faster rehabilitation [3]. Opponents believe that MIS leads

to increased iatrogenic nerve injury, prosthesis malposi-

tion, and increased revision rate, because of the limited

field of vision during the surgery [4, 5]. Even randomized

trials showed conflicting results [6–9].

The short-term (up to 12 months) impact of intraoper-

ative occurring muscle damage on early functional recov-

ery and walking ability was previously reported [10, 11],

but to our knowledge, medium- and long-term functional

results have not been reported.

To contribute to a better understanding of the effects of

MIS THA on clinical and other parameters, we conducted a

prospective randomized controlled trial, comparing results

of one cementless THA (Zweymüller-Plus, Smith &

Nephew, Baar, Switzerland) implanted via either a minimal

anterolateral approach or via the conventional modified

Watson-Jones approach. Our main goal was to evaluate any

short- and medium-term clinical benefits or drawbacks of

using an MIS approach to implant a cementless THA.

The hypothesis in this study was that blood loss and pain

level were less in patients operated with MIS approach

(group A), while self-assessment short-form 36 (SF-36)

scores and walking endurance were higher than in the

patients operated with conventional (group B) technique.

Patients and methods

Institutional review board approval (IRB) was obtained,

and all patients provided informed consent. Inclusion cri-

teria were unilateral primary hip osteoarthritis and a body

mass index of\30 kg/m2. Exclusion criteria were previous

surgery, previous arthroplasties in other joints in the lower

extremities, rheumatoid arthritis, developmental hip dys-

plasia and dislocation, and decreased mobility due to sig-

nificant stiffness of the hip joint or non-joint-related factors

(e.g., neurologic disease).

Patients were randomly assigned to receive the same

cementless Zweymüller- Plus THA using an MIS approach

(group A, 45 patients) or a conventional open technique

(group B, 45 patients). Hips were assigned to group A or B

by a computer-generated randomization schedule. No

power analysis was carried out in this clinical study.

From the initial 90 patients who fulfilled the inclusion

criteria and were initially enrolled in this study, 10 oper-

ated patients (two in group A and eight in group B) were

lost to follow-up due to reasons non-related to the opera-

tion (e.g., unavailable or change in residence) and thus

were excluded from the final evaluation. The remaining 80

patients (43 in group A and 37 in group B) were eligible

and available for the final complete analysis 4 years post-

operatively (Fig. 1).

We used the visual analog scale (VAS scale 0–10) for

pain to assess pain intensity preoperatively, 2 weeks and

4 years postoperatively. The SF-36 self-assessment ques-

tionnaire for functional outcome was also evaluated pre-

operatively and 4 years postoperatively (Tables 1, 2).

Hematocrit was measured on admission and discharge. The

indication for blood transfusion in elective surgery in the

Fig. 1 Flow chart showing allocation of patients. THA total hip

arthroplasty, MIS minimally invasive surgery, Pts patients, SF-36

short-form 36, VAS visual analog scale

Table 1 Preoperative patient baseline characteristics

Variable Group A

(MIS)

Group B

(Conv)

p value

Male:female 11:26 9:34

Age (years) 66.22 68.26 0.419

BMI (kg/m2) 27.80 27.47 0.716

VAS 8.39 8.44 0.2

SF-36 physical function 25.14 21.40 0.253

SF-36 mental health 49.92 50.58 0.833

Hematocrit (%PCV) 39.64 39.70 0.952

Walking endurance (m) 302.78 204.65 0.243
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authors’ institution is hematocrit \30 %. The baseline

characteristics of all 80 patients are shown in Table 1.

All surgeries were performed by an experienced ortho-

pedic surgeon (P.K.), who has performed more than 4,000

THAs. In all 80 cases, the same standard type of implant

was used (cementless Zweymüller-Plus THA: a Bicon

double-conus threaded cup with an SL-Plus tapered straight

stem). The articulating pairings were ceramic-on-ceramic

with a 28-mm ceramic ball head.

Surgical approaches

Minimally invasive approach

In group A, the patient was positioned on the operating

table in the supine position with both lower limbs draped in

a sterile fashion. An oblique skin incision measuring

8–10 cm was made, extending distally from the anterior

superior iliac spine and ending at the flare of the greater

trochanter. After division of the subcutaneous tissue and

fascia, the interval between the tensor fasciae latae and the

gluteus medius was opened bluntly with the insertion of the

index finger. The vessels crossing this intramuscular space

were ligated. No muscle (glutei medius and minimus and

tensor fascia latae) was split or detached. The hip capsule

was divided in an H-shaped fashion and preserved. The

acetabulum was prepared in a traditional fashion with the

use of standard reamers. For preparation of the femur, the

involved lower limb was placed in external rotation under

the contralateral—already draped for this maneuver—

lower limb. In this position, an elevating retractor was

placed posterior to the greater trochanter to lever the femur

out of the wound. Further preparation of the femur was

similar to that in group B and was performed with the use

of specific MIS instruments. After insertion of implants

(Bicon Cup and SL-stem) and control of impingement and

stability, the hip capsule was sutured and a redon drainage

was placed on the hip capsule.

Conventional approach

In group B, the patient was placed in the supine position

with only the involved lower limb draped. A lateral skin

incision approximately 16–18 cm in length was made,

extending distally from the anterior superior iliac spine and

ending 5 cm distally from the greater trochanter tip. Using

the modified Watson-Jones anterolateral approach [12], the

fasciae latae was longitudinally split and gently retracted.

The gluteus minimus insertion was completely released at

the trochanter major insertion. The distal third of the

insertion of gluteus medius at the greater trochanter was

partially released to allow adduction and external rotation

for better orientation and hip dislocation and subsequently

SL-Plus stem implantation. The hip capsule was subtotally

resected. For preparation of the proximal part of the femur,

the involved lower limb was positioned in external rotation

over the contralateral not draped lower limb. After implant

(Bicon cup and SL-stem) insertion and control of

impingement and stability the hip, a redon drainage was

intra-articularly placed.

Postoperative course

The postoperative course was the same for both groups.

Mobilization started on postoperative day 1 with the use of

two forearm crutches with 4-point walking. The use of two

crutches was recommended for 3 weeks postoperatively.

Patients were allowed to discontinue the crutches for full

weight bearing as tolerated, depending on the individual

level of cooperation, mobilization status, and pain inten-

sity. All patients were discharged after a minimum hospital

stay of 3 days (range 3–5 days).

On plain pelvis roentgenograms, the insertion angle of

the Bicon cup (angle formed from the biischial line and the

frontal inclination of the cup) was measured.

The degree of periarticular ossification according to

Brooker classification was postoperatively recorded on the

AP plain roentgenograms of the pelvis.

Statistical analysis

Intention-to-treat analysis was used for all clinical outcome

variables and was performed by an independent external

statistician (P.F.). Data were analyzed with Stata version

11.2 software (StataCorp LP, College Station, Texas).

Univariate analysis of continuous data was performed with

the parametric t test or the nonparametric Mann–Whitney

U test. Because of the relatively small sample size, con-

tinuous variables were tested on normality using the

Shapiro–Wilk test. When the p value was\0.05, data were

assumed to not be normally distributed, and a

Table 2 Univariate postoperative results

Variable Group A

(MIS)

Group B

(Conv)

p value

VAS (at 10 days post-op) 0.97 2.00 0.013

VAS (at 4 years post-op) 0.32 0.51 0.183

SF-36 physical function 60.00 62.09 0.693

SF-36 mental health 64.73 64.05 0.849

Hematocrit (%PCV) 34.28 31.24 0.078

Walking endurance (m) 1,237.84 1,318.60 0.654

Italic value indicates statistically significant (p \ 0.05)
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nonparametric test was used. Univariate statistical tests are

reported as parametric unless indicated.

Treatment comparison for the primary outcomes of

interest was based on linear mixed models. Linear mixed

models are a generalization of ordinary least-squares linear

regression models. Three-level variance component models

were developed. The model was tested against the more

parsimonious 2-level models. Fixed effects in the saturated

model included sex, age, group, and preoperative VAS. For

the final model, fixed effects were eliminated based on

their effect on study group and operated side.

Reliability of the repeated measurements was deter-

mined by the model-based intra-class correlation coeffi-

cient (ICC).

Results

Baseline (preoperative) demographic and preoperative

variables are presented in Table 1.

One main difference was spotted between the two

groups of patients that were finally evaluated: The per-

centage of women in group B (conventional) is higher than

in group A (79 and 70 %, respectively).

On discharge, postoperative hematocrit was on average

lower in group B patients (conventional approach), but the

difference was not statistically significant (p = 0.08)

(Table 2).

There was also no statistical significant difference in the

amount of blood units which were transfused in the two

groups (p = 0.67).

Visual analog scale scores improved significantly post-

operatively in both groups. At 2 weeks postoperatively,

patients with MIS (group A) reported significantly

(p = 0.013) lower postoperative pain score

(VAS = 0.97 ± 1.4), in comparison with patients of group

B (conventional) (VAS = 2 ± 2.17), whereas there was no

statistical significant difference at the final follow-up

evaluation (Table 2).

Bicon cup inclination angle did not differ significantly

(p = 0.517) between the two groups (average

angle = 47.2� ± 3.6� for group A and 46.3� ± 2.3� for

group B, respectively).

At the 4-year-follow-up evaluation, there were no sig-

nificant differences in terms of the SF-36 component scores

and walking capability between the two groups (Table 2).

Complications

There were no intraoperative complications.

Malpositioning of the components was not found on the

postoperative radiographs in any group. No patient had any

dislocation of the hip postoperatively.

No postoperative limb length discrepancy exceeded

1 cm, no Trendelenburg was shown in any patient in both

groups.

There was no statistical significant difference

(p = 0.241) between the Brooker grades of postoperatively

detected heterotopic ossification.

Discussion

In this study, we hypothesized that patients operated with

MIS approach would have less blood loss perioperatively

and less pain postoperatively. The theoretically less inva-

sive surgery (MIS) should be advantageous compared with

conventional technique and thus be associated with higher

SF-36 scores and walking endurance at the medium-term

follow-up evaluation.

Our results did not completely justify these hypotheses.

MIS approach did not have any advantage in the immediate

postoperative period for the patients in terms of blood loss,

except for pain intensity which according to VAS was

significantly lower 2 weeks postoperatively in the MIS

operated patients. Moreover, there was no significant

medium-term advantage in favor of MIS patients in terms

of SF-36 scores and walking endurance.

Our study has certain limitations. First, we did not mask

the two different incisions. Therefore, patients and inves-

tigators were not blinded, and bias could be a result of this.

The second limitation is the relatively small size of the two

groups, which may explain the inability to identify any

significant differences between the two groups. The third

limitation is the number of patients (10) who were lost to

follow-up. This may have affected our results. Finally, the

conventional surgical approach for THA we used was a

maximum tissue-preserving technique and may not differ

significantly from what other surgeons’ regard as a mini-

mally invasive approach. This fact may be a reason why no

major differences were found between the two groups.

The relative literature regarding benefits of MIS hip

techniques for THA is controversial.

There are comparative studies that disclose no differ-

ence between MIS and standard techniques [7–9, 13, 14]. A

recent double-blind randomized controlled trial [15] com-

pared minimal versus classic technique in THA performed

either via posterolateral or anterolateral approach. The

conclusion was that minimal invasive approach in THA did

not show a clinically relevant superior outcome in the first

postoperative year. Moreover, the perioperative complica-

tion rate was rather high—though not statistically signifi-

cant—in the (anterolateral) MIS group.

Ogonda et al. [9] have also shown in a prospective

randomized double-blinded study of 219 total hip implan-

tations via posterior approach, no difference in pain or
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analgesic consumption during the first postoperative week.

DiGioia et al. [16] also found no difference between a

minimally invasive and a standard posterior approach in 66

patients in terms of postoperative pain levels. Lawlor et al.

[17] have shown in a large prospective study no difference

in functional outcome between a minimally invasive and a

normal posterior approach. Cheng et al. [5] did not observe

differences for the Harris hip score in a systemic review

including published trials between 1996 and 2008. In a

meta-analysis including all randomized and non-random-

ized controlled trials, Smith et al. [18] found lower but not

clinically relevant pain scores between minimally invasive

and conventional exposure for THA. Our results are con-

sistent to the above-mentioned studies since no clear

advantage was shown in favor of minimal anterolateral

approach in terms of postoperative recovery and functional

outcome. We observed lower average short-term postop-

erative VAS scores in the MIS group, and this seems to be

the only advantage of MIS approach for THA replacement

in our study.

On the other hand, some studies in the literature have

demonstrated reduced perioperative blood loss and

decreased postoperative pain following implantation with

MIS techniques compared with standard open techniques

[6, 19–22]. In a prospective study [21], 51 patients (52

hips) were randomly allocated to a classical lateral or a

minimally invasive approach (modification of the Hardinge

approach). Minimally invasive THA led to shorter length

of surgery, slightly better WOMAC and HHS scores at

discharge, quicker recovery, and at the 3-month examina-

tion, myoglobin-rise was slightly less. The positioning of

the prosthesis was good in both groups. In our series, there

was no statistically significant difference in perioperative

blood loss between the two groups, although a marginally

less blood loss was shown in the patients who were oper-

ated with MIS approach. However, we believe that in a

cementless THA, the main source of blood loss is the bone

(femur and acetabulum), and this seems to be the theoret-

ical explanation for not finding significant differences in

blood loss between Groups.

Goebel et al. [22] investigated 100 patients with a mini-

mal-incision anterior approach and 100 patients with a

transgluteal lateral approach. They concluded that the

implantation of a hip prosthesis through a minimal-incision

anterior approach is successful in reducing postoperative

pain and consumption of pain medication. Time to recovery

and length of hospital stay are also influenced positively.

Another recent comparative study [23] between MIS anterior

approach and standard lateral approach for THA disclosed

similar results. Patients operated via MIS approach had less

pain during movement, limping, better Harris hip score and

satisfaction after 6 weeks, which remained after 12 weeks

and 1 year, but not after 2 years [23].

Dorr et al. [24] found in a prospective randomized study

with 60 patients significantly less pain for the group with a

10-cm-long incision within the first 2 days compared with

the group with a 20-cm-long incision. A minimally inva-

sive lateral approach was compared in another study [25] to

a normal lateral approach, in which more muscle was

detached, six and 12 weeks postoperatively. The Harris hip

score showed significantly better values for the MIS

approach during follow-up although actual pain levels were

not assessed in this study [25].

All these studies focus on the acute postoperative per-

iod, and none of them manages to prove long-term supe-

riority of MIS techniques in terms of pain and functional

recovery. The only study that reports medium-term data are

a recent randomized, prospective study of 75 patients

comparing the anterolateral minimally invasive (MIS) and

the conventional lateral approach for THA [26]. Similar to

our results, this study [26] concludes that the only advan-

tages of the MIS approach are the smaller skin incision and

possible faster rehabilitation in the first 6 weeks after sur-

gery, and no significant long-term advantage is justified.

Another matter which is often discussed in the relevant

literature is the increased rates of complications encoun-

tered after MIS approaches. A meta-analysis by Smith et al.

[18] showed that minimally invasive THA is associated

with a significantly increased risk of transient lateral fem-

oral cutaneous nerve palsy (p = 0.006) with no signifi-

cantly better outcome. A recent study [27] comparing

minimally invasive direct anterior approach and conven-

tional posterolateral approach showed higher early com-

plication rate in the anterior approach group and no

improvement in functional outcome compared to the pos-

terolateral approach.

Another meta-analysis focusing on radiological and

complications outcomes concluded that posterior MITHA

seems to be a safe surgical procedure, without the

increased risk of postoperative complication rates and

component malposition rates [28]. On the other hand, the

current data were not enough to reach a positive conclusion

that lateral and anterolateral MIS approaches will result in

increased risks of adverse effects and complications at the

prosthesis site [28]. In our study, there was no difference

between the two groups in terms of intraoperative and

postoperative complications, cup inclination angle, and

Brooker Grade of heterotopic ossification.

Conclusion

The findings of our study prove that MIS anterolateral

approach for cementless THA is associated with less

postoperative pain and that was the only hypothesis of our

study which was finally justified. No other advantages
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compared to the traditional anterolateral Watson-Jones

approach were recorded, in terms of blood loss, recovery

and walking endurance. MIS approach is equally safe and

efficient as the traditional one.

Conflict of interest None.
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M, Nöth U (2012) Reduced postoperative pain in total hip

arthroplasty after minimal-invasive anterior approach. Int Orthop

36(3):491–498

23. Ilchmann T, Gersbach S, Zwicky L, Clauss M (2013) Standard

transgluteal versus minimal invasive anterior approach in hip

arthroplasty: a prospective, Consecutive Cohort Study. Orthop

Rev (Pavia) 5(4):e31

24. Dorr LD, Maheshwari AV, Long WT, Wan Z, Sirianni LE (2007)

Early pain relief and function after posterior minimally invasive

and conventional total hip arthroplasty. A prospective, random-

ized, blinded study. J Bone Joint Surg Am 89:1153–1160

25. Lux EA, Stamer U, Meissner W, Moser K, Neugebauer E,

Wiebalck A (2008) Postoperative pain after ambulatory surgery.

Schmerz 22:171–175

26. Landgraeber S, Quitmann H, Güth S, Haversath M, Kowalczyk
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