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Minimally invasive total hip arthroplasty (MI-THA) is the 
concept that a small skin incision can minimize the tissue 
damage during THA and that the minimized damage al-
lows the patient to recover easier. The indications for MI-
THA have become wider in recent years with advances 
in surgical equipment, imaging modalities, and surgical 
techniques. Compared with the conventional surgery, MI-
THA shows clinically effective results for reducing pain, 
lowering the volume of blood lost and blood transfusions, 
achieving prompt rehabilitation, and obtaining a satisfac-
tory cosmetic outcome after surgery.1-6) However, there is 
concern about possible tissue damage or larger soft tissue 
injury following MI-THA than that in conventional THA 
(C-THA) because of excessive traction and compression 
of subcutaneous tissue and muscle. However, the number 

Background: We intended to clarify the hypothesis that minimally invasive total hip arthroplasty (MI-THA) leads to less tissue 
damage and inflammatory response than does conventional total hip arthroplasty (C-THA). 
Methods: We performed 30 cases of THA between September 2005 and May 2006 and evaluated these cases prospectively. We 
chose 15 MI-THA cases for the study group and another 15 C-THA cases for the control group. We checked skeletal muscle marker 
enzymes, such as serum creatinine kinase and aldolase, the pro-inflammatory cytokines, interleukin (IL)-6 and 8, and the anti-
inflammatory cytokines, IL-10 and IL-1 receptor antagonist (ra) the day before surgery and at postoperative days 1, 7, and 14. 
Results: On postoperative days 1 and 3, the study group showed significantly lower serum creatinine kinase, IL-6, IL-10, and IL-
1ra values than those in the control group. Additionally, IL-8 was significantly lower on day 7 after surgery. 
Conclusions: These data show that MI-THA decreased the release of muscle marker enzymes due to tissue damage immediately 
after surgery and minimized the inflammatory response related to the surgery during the early postoperative period.
Keywords: Total hip arthroplasty, Minimally invasive surgery, Muscle enzyme

of MI-THA cases continually increases, and the number 
of reports with good clinical results following MI-THA 
rather that C-THA has increased as well. Few quantitative 
studies have identified an effect of MI-THA on soft tissue 
damage in human subjects. Thus, we designed a compara-
tive study to examine the differences in the inflammatory 
reaction between patients who underwent MI-THA and 
those who received C-THA to test the hypothesis that MI-
THA is less damaging than C-THA. 

METHODS

Materials
Fifteen of 30 candidates were selected as the MI-THA 
study group to compare with another 15 as the control C-
THA group. No differences in age, sex, body mass index, 
surgical site, diagnosis, or other demographics were ob-
served between the two groups (Table 1). Patients with a 
medical history of endocrine, cardiopulmonary, hepatobil-
iary, renal or autoimmune diseases were excluded. Patients 
stopped non-steroidal anti-inflammatory drugs at least 6 
weeks before the study to minimize the effect on inflam-
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matory cytokines. We replaced the drugs with non-opioid 
analgesic drugs such as acetaminophen or tramadol. After 
surgery, we controlled pain with a Patient-controlled anal-
gesia system. All surgical procedures were performed by a 
single operator (YJC) under general anesthesia using the 
posterior modified Gibson approach with the pateint in 
the lateral decubitus position. The operator used a 15-cm 
skin incision through the surface of the greater trochanter 
in the control group. Subcutaneous tissue, the iliotibial 
band, and the gluteus maximus were dissected and retract-
ed. The piriformis and short external rotators were com-
pletely detached from the greater trochanter. An approach 
was made to the hip joint. Finally, the femoral head was 
exposed at the hip.7) The operator made a skin incision 
along the long axis of the femur at a ratio of 1/3 the length 
of the skin incision superiorly and 2/3 inferiorly from the 
tip of the greater trochanter in MI-THA study group, after 
considering body weight and the degree of obesity. The 
length of the skin incision was 7–8 cm. The piriformis 
were completely detached, the short external rotators were 
partially dissected in the vicinity of the greater trochanter, 
and the femoral head was posteriorly dislocated. In both 
groups, the posterior joint capsule, piriformis muscle, and 
short external rotators were sutured with non-absorbable 
thread by making a small hole in the greater trochanter 

after implanting the prosthesis.

Study Methods
The length of the skin incision, operation time, intraop-
erative blood loss, and postoperative blood transfusion 
volume were evaluated between the groups. A visual ana-
log pain scale was recorded. Serological markers indicat-
ing muscle injury, including creatinine kinase (CK) and 
aldolase, the pro-inflammatory cytokines interleukin (IL)-
6 and IL-8, and the anti-inflammatory cytokines IL-10 
and IL-1 receptor antagonist (ra) were measured to assess 
the degree of tissue injury and the systemic inflammatory 
reaction. All evaluations were performed at 7:00 AM prior 
to the operation and on postoperative days (POD) 1, 3, 7, 
and 14. Serum CK was analyzed by the ultraviolet kinetic 
method with an automatic chemical analyzer (Hitachi Inc., 
Tokyo, Japan), and serum aldolase was analyzed by the 
ultraviolet kinetic method with a spectrophotometer (Sen-
tinel, Rome, Italy). The cytokines were analyzed with a 
commercially available enzyme linked immunosorbent as-
say test kit (Quantikine, R&D Systems, Minneapolis, MN, 
USA). Results were analyzed with the Mann-Whitney 
U-test and SPSS ver. 11.5 (SPSS Inc., Chicago, IL, USA). 
Statistical significance was tested with a 95% confidence 
interval. A p < 0.05 was considered significant.

RESULTS

Mean length of the skin incision was 7.7 ± 0.5 cm in the 
study group and 14.7 ± 1.3 cm in the control group (p = 
0.001). Mean volume of bleeding during surgery was 436.6 
± 24.2 mL in the study group and 546.6 ± 30.4 mL in the 
control group (p = 0.004). The mean blood transfusion 
volume was 1.3 pints in the study group and 2.2 pints in 
the control group (p = 0.007) (Table 1). No significant dif-

Table 1. Characteristics of Two Groups

Variable
Study group 

(minimally invasive;  
n = 15)

Control group 
(conventional;  

n = 15 )

Age (yr) 55.3 (37–81) 55.1 (27–74)

Sex (male:female) 10:5 10:5

Right:left 10:5   9:6

Body mass index (kg/m2) 23.6 (19.8–27.6) 24.1 (19.0–33.2)

Diagnosis 

    Avascular necrosis 11 11

    Secondary OA   2   3

    LCP sequelae   2   1

Skin incision length (cm)* 7.7 (7–8) 14.7 (13–18)

Time for operation (min) 142.3 (85–170) 136.0 (110–180)

Intraoperative blood loss (mL)* 436.6 (250–500) 546.6 (500–800)

Transfusion (pint)* 1.3 (0–3) 2.2 (1–4)

Values are presented as mean (range) or number.
OA: osteoarthritis, LCP: Legg-Calve-Perthes disease.
*p < 0.05.

Fig. 1. Visual analog pain scale (VAS) scores for both groups show no 
significant differences. POD: postoperative day.
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ference in the level of pain was observed between the two 
groups (Fig. 1).

Serological Markers Indicating Muscle Injury
The preoperative serum CK levels were 86.6 ± 4.2 IU/L in 
the study group and 89.9 ± 3.5 IU/L in the control group 
(p > 0.05). On POD 1, serum CK concentration was 319.7 
± 12.1 IU/L in the study group and 582.1 ± 15.1 IU/L in 
the control group (p = 0.0). Serum CK concentration was 
184.2 ± 9.6 IU/L in the study group and 351.1 ± 11.1 IU/
L in the control group on POD 3 (p = 0.0). By POD 7, the 
difference disappeared. On POD 14, serum CK concentra-
tion had returned to the level before surgery (Fig. 2). 

The preoperative serum aldolase level was 6.5 ± 1.2 
mU/mL in the study group and 6.8 ± 0.8 mU/mL in the 
control group (p > 0.05). On POD 1, serum aldolase con-
centration was 10.1 ± 0.7 mU/mL in the study group and 

18.1 ± 0.8 mU/mL in the control group (p = 0.0). This sig-
nificant difference disappeared by POD 3. On POD 14, se-
rum aldolase concentration returned to the level observed 
before surgery (Fig. 3).

Inflammatory Cytokines
The IL-6 level before surgery was 13.9 ± 0.3 pg/mL in the 
study group and 14.2 ± 0.7 pg/mL in the control group (p 
> 0.05). On POD 1, serum IL-6 concentration increased 
to 66.8 ± 2.1 pg/mL in the study group and 176.3 ± 2.5 
pg/mL in the control group. On POD 3, these values were 
42.9 ± 1.1 pg/mL and 105.1 ± 1.8 pg/mL, respectively (p 
= 0.0, p = 0.0). This significant difference disappeared by 
POD 7. On POD 14, IL-6 concentration returned to the 
preoperative level (Fig. 4).

Serum IL-8 concentration before surgery was 11.9 ± 
0.4 pg/mL in the study group and 12.3 ± 0.4 pg/mL in the 

Fig. 2. Serum creatine kinase (CK) concentrations for the study group 
show significantly lower level than the control group on postoperative 
day (POD) 1 (p  = 0.0) and 3 (p  = 0.0).

Fig. 3. Serum aldolase concentrations for the study group show 
significantly lower level than the control group on postoperative day 
(POD) 1 (p  = 0.0).

Fig. 4. Serum interleukin (IL)-6 concentrations for the study group show 
significantly lower level than the control group on postoperative day 
(POD) 1 (p  = 0.0) and 3 (p  = 0.0).

Fig. 5. Serum interleukin (IL)-8 concentrations for the study group show 
significantly lower level than the control group on postoperative day 
(POD) 1 (p  = 0.002), 3 (p  = 0.0), and 7 (p  = 0.0).
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control group (p > 0.05). On POD 1, serum IL-8 increased 
to 16.4 ± 2.4 pg/mL in the study group and 22.1 ± 2.3 pg/
mL in the control group (p = 0.002). On POD 3, it was 
14.2 ± 2.1 pg/mL in the study group and 18.3 ± 2.0 pg/mL 
in the control group (p = 0.0). On POD 7, IL-8 concentra-
tions were 14.3 ± 2.2 pg/mL in the study group and 18.2 ± 
2.7 pg/mL in the control group (p < 0.05). However, this 
difference disappeared on POD 14 (Fig. 5).

Serum IL-10 was not different between the groups 
before surgery (3.2 ± 1.1 pg/mL in the study group and 3.3 
± 0.9 pg/mL in the control group). On POD 1, IL-10 level 
increased in both groups but that in the study group (12.2 
± 1.9 pg/mL) was significantly lower than that in the con-
trol group (21.7 ± 2.8 pg/mL; p = 0.0). On POD 3, it had 
decreased slightly in both groups (10.6 ± 1.8 pg/mL in the 
study group and 14.6 ± 2.0 pg/mL in the control group; p 
= 0.0). The difference disappeared by POD 7 (Fig. 6).

Serum IL-1ra concentration was not different be-
tween the groups before surgery (235.4 ± 8.9 pg/mL in the 
study group and 245.1 ± 7.7 pg/mL in the control group). 
On POD 1, it increased to 695.0 ± 10.2 pg/mL in the study 
group and 1,370.8 ± 16.7 pg/mL in the control group (p = 
0.0). On POD 3, it decreased in both groups (543.6 ± 10.1 
pg/mL in the study group and 938.3 ± 15.9 pg/mL in the 
control group; p = 0.0). This difference disappeared on 
POD 7. On POD 14, serum IL-1ra concentrations had re-
turned to the levels seen before surgery (Fig. 7).

DISCUSSION

MI-THA has been recognized to reduce postoperative 
pain, lower blood loss and transfusion volumes during 
and after surgery, achieve an early rehabilitation, and ob-
tain a satisfactory cosmetic outcome compared to those 

of C-THA. However, some reports comparing MI-THA 
with C-THA showed no advantages in the early treatment 
outcomes other than a decrease in length of the skin inci-
sion.8,9) In our study, the mean length of the skin incision 
in the MI-THA group (7.7 cm) was significantly shorter 
than that in the C-THA (14.7 cm) group and no signifi-
cant difference in pain were detected after surgery. We an-
alyzed several blood markers to clarify whether MI-THA 
minimizes not only the length of the skin incision but also 
tissue injury and systemic inflammatory reactions.

Serum CK is present in muscle in large quantities, 
and aldolase, an enzyme that converts fructose to glycer-
aldehyde and dihydroxyacetone, is also abundantly pres-
ent in muscle. Serum concentrations of these enzymes 
increase following muscle injury which occurs due to 
cardiac disease, muscle disease, or trauma.10) In our study, 
the concentrations of serum CK and aldolase were sig-
nificantly lower in the MI-THA group than those in the 
C-THA control group until POD 3 and 1 after surgery, 
respectively. This result indicates that MI-THA was more 
effective than C-THA for reducing the degree of muscle 
injury.

Early inflammatory reactions activated by pro-in-
flammatory cytokines are systemically normalized by anti-
inflammatory cytokines responsible for suppressing the 
inflammatory reaction. This reaction has been called com-
pensatory anti-inflammatory reaction syndrome (CARS). 
Following surgery, systemic inflammatory response 
syndrome is accompanied by CARS. In healthy people, 
an inflammatory state maintains equilibrium along a con-
tinuum between pro-inflammatory cytokines such as IL-1, 
tumor necrosis factor-α (TNF-α), IL-6, and IL-8 and anti-
inflammatory cytokines such as IL-10, IL-13, transforming 
growth factor-β and IL-1ra.11-17) Therefore, these serologic 

Fig. 6. Serum interleukin (IL)-10 concentrations for the study group show 
significantly lower level than the control group on postoperative day 
(POD) 1 (p  = 0.0) and 3 (p  = 0.0).

Fig. 7. Serum interleukin 1 receptor antagonist (IL-1ra) concentrations for 
the study group show significantly lower level than the control group on 
postoperative day (POD) 1 (p  = 0.0) and 3 (p  = 0.0).
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markers properly represent the degree of tissue injury fol-
lowing surgery.

IL-1 and TNF-α are chemical mediators released 
during the earliest stages of inflammation, or the acute 
phase of tissue injury. Because the half-lives of IL-1 and 
TNF-α are approximately 6 and 20 minutes, these cyto-
kines cannot be quantified.18) IL-6 also induces the inflam-
matory reaction during the early stage of tissue injury as it 
is secreted by macrophages and lymphocytes following a 
stimulus by IL-1 and TNF-α. IL-8 plays a role as a second-
ary mediator in the inflammatory reaction, activating neu-
trophils and T-cells and plays a role as a chemotactic factor 
that promotes migration to inflammatory sites to activate 
angiogenesis. The concentration of these cytokines in-
creases with prolonged surgical time, increased blood loss, 
and severe tissue injury.14)

The degree of activity following tissue injury is 
closely associated with IL-6.13) Kim et al.15) compared cy-
tokine levels following minimally invasive lumbar fusion 
and palliative lumbar fusion. According to that report, 
IL-6 and IL-8 were significantly lower level on POD 3 and 
7, respectively, in a group undergoing minimally invasive 
surgery. IL-6 and IL-8 recovered to levels before surgery 
on POD 7 and 14, respectively. In our study, the peak 
concentration of serum IL-6 was 66.8 pg/mL in the study 
group on day 1 after surgery, which was lower than 176.3 
pg/mL in the control group. The concentration decreased 
gradually and was significantly different between the two 
groups until days 3 and 7 after surgery. However, the con-
centration recovered to the preoperative level on POD 7. 
IL-8 showed a similar pattern with that of IL-6. The study 
group showed a peak concentration (16.4 pg/mL) on POD 
1 then decreased slightly, but maintained a significant dif-
ference compared with that of the control group. On POD 
14, it returned to the level before surgery. These results 
were similar with those of the report by Kim et al.15)

IL-10 is an anti-inflammatory cytokine secreted by 
T-cells, B-cells, macrophages, monocytes, and epithelial 
cells. It is a potent inhibitor of macrophages. IL-10 sup-
presses secretion and production of pro-inflammatory 

cytokines. It also promotes anti-inflammatory cytokines 
such as IL-1ra and water-soluble TNF receptor.19) IL-1ra 
has a direct effect on the IL-1 receptor thereby suppress-
ing IL-1 function. It also interferes with the function of 
neutrophils and plays a role normalizing systemic inflam-
mation.20) Takahashi et al.19) measured changes in serum 
concentrations of IL-10 and IL-1ra following vertebral 
fusion surgery. According to those authors, IL-10 reached 
a maximum level of 30.4 pg/mL immediately after sur-
gery and returned to presurgical levels on day 7. IL-1ra 
increased to 1,300 pg/mL immediately after surgery and 
then decreased gradually. These reports show a similar 
pattern with our results. The serum IL-10 concentration 
in our study group (12.2 pg/mL) was significantly lower 
than that in the control group (21.7 pg/mL) on POD 1 and 
then decreased thereafter. Serum IL-1ra concentration in 
the study group (695.0 pg/mL) was also significantly lower 
than that in control group (1,370.8 pg/mL) on POD 1 and 
then decreased gradually thereafter. 

Our results show that the concentrations of serum 
IL-6 and IL-8 were significantly lower in the MI-THA 
study group than those in C-THA control group on days 3 
and 7 after surgery, respectively similar to the serum IL-10 
and IL-1ra concentrations on POD 3. These results indi-
cate that MI-THA could produce less of an inflammatory 
reaction that that of C-THA in the early recovery stage 
after surgery. A limitation of our study is that our results 
could not be applied to estimate prognosis after surgery. 
This deserves further study. 

Our results indicate that MI-THA might be a use-
ful surgical modality compared with C-THA based on the 
limited skin incision and decreased blood loss and transfu-
sion volumes. Performing MI-THA significantly reduced 
tissue injury and systemic inflammation during the early 
stage of recovery.
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