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Abstract Various reports confirm elevations in serum

markers associated with skeletal muscle injury after

orthopaedic surgery in the absence of overt clinical mani-

festations of myocardial injury. We therefore measured the

influence surgical approach has on these serum markers

after primary THA. We nonrandomly enrolled 30 non-

consecutive patients undergoing THA in three groups of 10

based on current surgical approaches used at our facility:

(1) minimally invasive (MIS) modified Watson Jones

approach; (2) miniposterior transmuscular approach (MIS-I);

and (3) MIS-II incision. Blood samples for hemoglobin,

hematocrit, cardiac troponin I, total creatine kinase, crea-

tine phosphokinase, and serum myoglobin were obtained

the morning before surgery as a baseline, immediately

postoperatively, and 72 hours thereafter. We found repro-

ducible trends in serum enzyme levels consistent with

skeletal muscle damage resulting from primary THA.

Troponin I remained normal in all but one patient indi-

cating no myocardial contribution to measured serum

enzyme levels. All three procedures resulted in similar

trends in serum enzyme markers relevant to primary THA.

Our preliminary data suggest no surgical approach appears

to affect the degree of muscle trauma more or less than

another.

Introduction

Recent developments in orthopaedic surgery indicate pri-

mary THA can be completed successfully using MIS

approaches [1, 3, 5, 6, 8, 26, 27]. The theoretical benefits of

these approaches include less tissue dissection, decreased

surgical blood loss, decreased postoperative pain,

decreased time to hospital discharge, decreased time to the

return of activities of daily living, and the potential for cost

savings across the entire continuum of care [6, 26].

Although MIS surgical approaches may be applied to

various procedures across all disciplines of orthopaedics,

and the intuitive benefits of a smaller incision length are

well communicated across all public media, there still

exists conflicting results in the medical literature regarding

their overall benefit [10, 25, 30].

Hemoglobin and hematocrit are commonly used mea-

surements of the effect of bleeding during and after

surgical procedures. Serial assays of creatine kinase (CK),

creatine phosphokinase (CPK), serum myoglobin, and

cardiac troponin I are laboratory tests of choice for the

diagnosis of myocardial injury. Various authors report

changes in these serum markers as a result of skeletal

muscle injury, which also correlates with surgical incision

length, surgical approach, and operative time [12, 16, 18,

20, 21, 24]. These reports confirm elevations in CK, CPK,

and serum myoglobin can occur after orthopaedic surgery

in the absence of overt clinical manifestations of myocar-

dial injury.

In our preliminary study, we addressed the following

questions: (1) Is there a measurable effect of surgery

related to primary THA and defined serum markers asso-

ciated with skeletal muscle injury? If there is a measurable

effect of THA on these serum markers, (2) what is their

relation with time postoperatively after primary THA? (3)
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How do these results compare with reported serum levels

related to other surgical procedures, systemic failures, or

trauma?

Materials and Methods

We nonrandomly enrolled 10 nonconsecutive subjects in

each of three groups based on surgical techniques currently

used by the two surgeon authors (RGC, JAK) in our

practice for primary THA. Patients must have met standard

primary THA inclusion criteria to be eligible for study

participation, which included failure of nonoperative

treatment for a severely disabled joint secondary to painful

osteoarthritis, rheumatoid arthritis, posttraumatic arthritis,

or displaced femoral neck fracture that warranted primary

THA, and stable health as warranted for performing THA.

The combined demographics of the patients recruited

included 14 (47%) males and 16 (53%) females with an

average age of 74.8 ± 7.5 (range, 55–86 years) and an

average body mass index of 28.0 ± 4.5 kg/m2 (range, 22–

39 kg/m2) (Tables 1, 2). We had prior Institutional Review

Board approval and informed consent for the study.

The three surgical approach groups included an MIS

modified Watson Jones approach, a miniposterior approach,

and an MIS-II incision approach. The MIS modified Watson

Jones approach is an anterior approach that traverses the

tensor fascia and gluteus medius without any muscle

detachment. It therefore is an intermuscular approach that

requires retraction against two muscle bellies. The mini-

posterior approach uses a familiar approach to the hip

through a smaller incision but with less muscle detachment

than its standard incision counterpart. The clinical advan-

tage is a more intact soft tissue envelope with greater

stability, less muscle and tissue dissection, and easier

recovery for the patient. The MIS-II incision THA requires

a direct anterior approach to the acetabulum through an

intermuscular plane between the sartorius and tensor fascia.

The posterior incision is for placement of the femoral

component, requiring passage of instruments through the

belly of the gluteus maximus and posterior aspect of the

gluteus medius. Data collected intraoperatively included

incision length, operative time (skin to skin), and estimated

blood loss. We also recorded incision length associated with

these approaches to see if this had any effect on the overall

results.

Blood samples for total CK, CPK, and serum myoglobin

were obtained at screening and the morning before surgery

as a baseline. Thereafter, blood samples were drawn

immediately postoperatively in the recovery room and 8,

16, 24, 36, 48, and 72 hours postoperatively. We obtained

hemoglobin (g/dL) and hematocrit (%) preoperatively and

16, 36, and 72 hours (± 6 hours) postoperatively. Cardiac

troponin I (ng/mL) was measured the morning of surgery

(preoperatively) and 16 hours after surgery to monitor any

contributory effect of myocardial injury.

We collected serum specimens and screened for hemo-

lysis and lipemia before freezing at �20�C for batch

analysis to avoid interassay variation. Lipemic specimens

were ultracentrifuged before freezing. We analyzed

batched frozen specimens within 30 days of first draw.

Creatine kinase (serum) was analyzed using the reverse

reaction and activation by NAC as recommended by the

International Federation of Clinical Chemistry and Labo-

ratory Medicine using Roche Hitachi 912 instrumentation

(F. Hoffmann-La Roche, Ltd, Basel, Switzerland). Creatine

kinase values were not adjusted for physical activity level

or patient race. We determined serum myoglobin levels

using a solid-phase, two-site chemiluminescent enzyme

immunometric assay (Immunolite 2000; DPC, Los Ange-

les, CA). Any assay results greater than 1000 ng/mL were

repeated after dilution.

Standard demographics were collected on all patients

while maintaining confidentiality. We used simple descrip-

tive statistics to describe the sample populations. Statistical

Table 1. Patient demographics by surgical incision group

Group Gender Age

(years)*

Body mass

index (kg/m2)*

Males Females

MIS modified

Watson Jones

3 7 74.8 ± 8.4 28.0 ± 4.6

61–86 21.8–37.3

Miniposterior

THA

4 6 73.0 ± 5.5 26.9 ± 4.0

66–82 22.1–32.5

MIS II incision

THA

7 3 69.5 ± 8.1 27.6 ± 5.2

55–83 21.6–38.6

* Mean ± standard deviation and range.

Table 2. Intraoperative data by surgical group

Group Operative

time

(minutes)

Incision

length

(cm)

Estimated

blood loss (cc)

MIS modified

Watson Jones THA

46.5 ± 5.8 10.4 ± 2.1 115.0 ± 66.9

40–55 9.0–15.0 50–300

Miniposterior THA 66.4 ± 7.0 8.8 ± 2.3 211.1 ± 116.7

60–75 6.0–13.0 100–500

MIS II incision

(posterior incision)

NA 3.4 ± 0.5 NA

3.0–4.0

MIS II incision

(anterior incision)

NA 6.0 ± 0.7 NA

5.0–7.0

MIS II (combined

incision length)

63.7 ± 12.0 9.4 ± 0.9 135.0 ± 62.6

45–83 8.0–11.0 100–300

Values are mean ± standard deviation and range; NA = not

available.
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power for further study recommendations was calculated

from our preliminary observations for the particular num-

ber of cases to achieve 90% power.

Results

The average hemoglobin, percent hematocrit, and troponin

I values were within normal ranges preoperatively across

all groups. The average hemoglobin and percent hematocrit

decreased and remained at these levels through 72 hours

postoperatively (Table 3; Figs. 1, 2). The troponin I levels

for patients in the MIS modified Watson Jones and MIS-II

incision groups were 0.2 ng/mL at baseline and remained

unchanged through 72 hours. All patients in the minipos-

terior group had a baseline troponin I level of 0.2 ng/mL;

however, two patients in the miniposterior group had ele-

vated troponin I levels at 72 hours (1.0 and 1.5 ng/mL).

The postoperative results for CK, CPK, and serum

myoglobin reached peak values at 8 hours. The CK and

serum myoglobin values gradually decreased toward nor-

mal after the observed peak measurements. The average

CK levels returned to normal 48 hours postoperatively and

the average serum myoglobin values returned to normal

72 hours postoperatively. However, the CPK values

remained elevated through 48 hours postoperatively and

showed a slight downward trend 72 hours postoperatively

(Figs. 3, 4, 5). When compared with the preoperative

baseline values, all serum markers were elevated (Table 3).

Table 3. Average serum values (± standard deviation) by incision type preoperatively and for postoperative values*

Blood serum/

surgical

approach

Preoperative 1 hour 8 hours 16 hours 24 hours 36 hours 48 hours 72 hours

Hematocrit

WJ 40.5 (4.5) — — 32.2 (4.2) — 33.0 (3.1) — 33.4 (4.2)

MIS-I 37.0 (3.7) — — 28.9 (3.9) — 28.5 (3.1) — 31.3 (2.6)

MIS-II 41.2 (3.2) — — 33.0 (2.9) — 31.8 (3.8) — 31.5 (2.5)

Hemoglobin

WJ 13.8 (1.6) — — 11.1 (1.5) — 11.3 (1.0) — 11.4 (1.6)

MIS-I 12.7 (1.4) — — 9.7 (1.5) — 9.7 (1.2) — 10.8 (0.9)

MIS-II 14.1 (1.2) — — 11.2 (1.0) — 11.0 (1.5) — 10.8 (1.0)

CK

WJ 3.4 (1.8) 5.4 (3.2) 10.2 (6.5) 7.0 (4.2) 5.4 (2.4) 5.1 (2.0) 4.2 (2.0) 3.0 (2.0)

MIS-I 3.4 (2.1) 4.6 (2.7) 9.6 (6.8) 8.0 (4.8) 6.7 (4.2) 5.4 (2.9) 5.1 (3.9) 4.4 (3.2)

MIS-II 3.5 (2.1) 4.5 (2.2) 9.9 (5.5) 8.5 (3.1) 7.4 (3.8) 5.0 (2.1) 4.4 (1.6) 3.4 (1.3)

CPK

WJ 99.2 (66.6) 158.3 (85.5) 466.7 (206.3) 403.0 (183.0) 426.0 (189.5) 378.1 (250.2) 348.6 (230.8) 250.4 (196.2)

MIS-I 88.8 (70.3) 119.5 (60.5) 327.6 (177.4) 300.9 (225.6) 338.3 (213.5) 318.7 (168.4) 296.1 (162.4) 241.9 (136.0)

MIS-II 79.9 (53.4) 242.7 (266.7) 512.4 (173.3) 515.4 (248.1) 470.2 (231.6) 511.6 (278.4) 508.8 (231.4) 441.6 (253.1)

SM

WJ 45.4 (41.1) 367.3 (250.6) 346.4 (144.2) 226.1 (88.1) 180.6 (75.9) 115.2 (27.6) 86.2 (29.5) 60.8 (21.9)

MIS-I 39.6 (23.5) 298.4 (175.4) 289.4 (259.0) 225.8 (209.6) 157.7 (75.1) 146.7 (86.6) 100.2 (37.9) 72.6 (28.9)

MIS-II 37.1 (17.2) 241.3 (155.5) 427.6 (247.3) 320.9 (174.1) 220.6 (119.4) 168.0 (91.2) 118.2 (49.7) 79.8 (38.7)

* Normal range and units: hematocrit, 37%–47%; hemoglobin, 12–16 g/dL; creatine kinase (CK), 0.2–4.8 ng/mL; creatine phosphokinase

(CPK), 38–174 U/L; serum myoglobin (SM), 0.5–70.0 ng/mL; WJ = modified Watson Jones.

Fig. 1 The graph shows hemoglobin (g/dL) versus time (hours). The

normal range (12.0–16.0 g/dL) is highlighted by the shaded overlay.

MIS = minimally invasive surgery; WJ = modified Watson Jones.
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Discussion

Reported use of blood enzyme markers is common

throughout the surgical literature [9, 12, 16–18, 20–24].

Rhabdomyolysis has numerous etiologies and includes

local crush injury, vascular compromise, soft tissue infec-

tions, electrical injuries, excessive steroid use, seizures,

surgery, and heat stroke [1, 19, 22]. Whether these changes

occur after differing hip approaches is unknown. We

therefore raised the following questions: (1) Is there a

measurable effect of surgery related to primary THA and

defined serum markers associated with skeletal muscle

injury? If there is a measurable effect of THA on these

serum markers, (2) what is their relation with time post-

operatively after primary THA? (3) How do these results

compare with reported serum levels related to other sur-

gical procedures, systemic failures, or trauma?

Our serum results were less than those reported after

other surgical procedures, systemic failures, or trauma, but

we had no contribution of serum levels from cardiac injury.

We were unable to show serum differences across the three

surgical groups owing to lack of statistical power because

of the small numbers in each group. The measured marker

values for each surgical group showed small differences

but parallel patterns with time. From our preliminary

findings we calculated that to achieve statistical power of

90%, we would need to enroll 65 patients in each of the

three surgical groups.

Direct muscle compression resulting from trauma is a

common mechanism for liberation of the components of

injured skeletal muscle into the circulation, and serum CK

becomes considerably elevated with a peak occurring

within 24 hours of the injury [28]. The serum enzymes

measured for our study have a circulating half-life of

approximately 12 hours. Additionally, the use of measured

cardiac proteins such as troponin I is specific for coronary

Fig. 2 Hematocrit (%) versus time (hours) is shown in this graph.

The normal range (37.0%–47.0%) is highlighted by the shaded

overlay. MIS = minimally invasive surgery; WJ = modified Watson

Jones.

Fig. 3 The graph shows creatine kinase (CK; ng/mL) versus time

(hours). The normal range (0.2–4.8 ng/mL) is highlighted by the

shaded overlay. MIS = minimally invasive surgery; WJ = modified

Watson Jones.

Fig. 4 Creatine phosphokinase (U/L) versus time (hours) is shown.

The normal range (38–174 U/L) is highlighted by the shaded overlay.

MIS = minimally invasive surgery; WJ = modified Watson Jones.

Fig. 5 The graph shows serum myoglobin (ng/mL) with time. The

normal range (0.5–70.0 ng/mL) is highlighted by the shaded overlay.

MIS = minimally invasive surgery; WJ = modified Watson Jones.
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injury and predicts adverse events after possible acute cor-

onary syndrome [23]. For this study, we used troponin I to

rule out any coronary injury that may confound our results.

The introduction of various less invasive surgical tech-

niques for primary THA has led to much discussion, and

frequently, contradictory results. The determination of the

justification of various MIS procedures usually involves

standard postoperative radiographic assessments of com-

ponent position and well-accepted pain and functional

scoring systems [14]. Current scoring systems used may

not be sensitive enough to detect consistent differences

among various MIS approaches postoperatively. Unfortu-

nately, use of subjective measurements of outcome may

contribute to contradiction in reported theoretical advan-

tages of MIS THA for patients. Sculco et al. reported the

results of the miniposterior to standard THA and found a

decrease in operative times and a difference in function

(limp) at 6 weeks in the mini-incision group [26, 27].

Hartzband and Berry et al. reported earlier return to func-

tion using an MIS technique for primary THA [8, 15].

Likewise, Berger et al. reported decreased blood loss,

decreased length of stay, and more rapid return to function

[2–7]. However, in a randomized, controlled trial, Ogonda

et al. reported no difference in the theoretical advantages

previously reported for MIS techniques [25]. Moreover, no

difference in their length of hospital stay, noted compli-

cations involving wound healing, and acetabular

component malposition contradict the theoretical short-

term results. Also, some reports turn to objective variable

measurements with equally conflicting results [10, 29, 30].

Woolson et al. reported the results of a study comparing a

miniposterior THA with a standard posterior approach for

THA [30]. No major differences were measured regarding

operative time, estimated intraoperative blood loss, or time

to discharge. Wound complications, acetabular component

malposition, and femoral component fit and fill undersizing

were greater in the mini-incision group. However, in a

separate study, Goldstein et al. reported major decreases in

estimated intraoperative blood loss for the same surgical

approach comparison [13]. We attempted to identify

objective, systemic measurements for surgical procedures

for use in primary THA. Creatine kinase is a naturally

occurring enzyme with the greatest concentrations found in

skeletal muscle, cardiac muscle, and the brain [9, 19].

Myoglobin also is found in cardiac and skeletal muscle and

is released into the circulation when muscle is damaged

through disease, exertion, or trauma and is excreted in the

urine [9, 16, 19, 20, 22]. The use of serum markers,

including CK, CPK, and serum myoglobin, may allow for

an objective evaluation of the potential advantages among

various MIS techniques. The use of minimally invasive

techniques theoretically disrupts less of the soft tissue

envelope surrounding the hip and thus may have less of an

effect on these serum markers. We found early increased

releases of CK, CPK, and myoglobin into the circulation

after primary THA using all three of these incision types,

but without statistical differences. To rule out any con-

tributory effect of cardiac muscle, we measured troponin I

serum levels [17], a serum enzyme marker specific to

cardiac muscle. We found there was only one incident of

elevated troponin I, which occurred 72 hours after surgery.

Therefore, all serum markers measured were a result of the

muscle damage resulting from surgery.

We found CK, CPK, and serum myoglobin all had peak

values 8 hours postoperatively. Feinfeld et al. reported CK

values used to predict renal failure can reach 20,000 ng/mL

[11]. However, in our study, there were CK levels of 10 ng/

mL, which is considerably less than any levels related to

systemic failure or traumatic injury. The assays used were

sensitive enough to show specific time-related systemic

changes resulting from each surgical technique. However,

all three procedures followed parallel trends and any sep-

aration between surgical procedures was not noteworthy.

This may be the result of various confounding factors,

including the sensitivity of the assay, patient body mass

index, and total surgical time rather than surgical approach

or incision length. Moreover, the number of patients

enrolled was too small to reach any level of statistical

power and additional study will require 65 patients per

group to achieve 90% power.

We observed measurable trends in serum enzyme levels

consistent with skeletal muscle damage resulting from

THA. However, in the three surgical approaches compared,

no serum enzyme level approached levels reported with

severe trauma or myocardial disease, and troponin I

remained normal in all but one patient throughout the

entire study indicating no myocardial contribution.

Although these trends may have specificity with approach

type, they were not statistically different across the three

groups at any one time. This is contradictory to any pre-

vious subjective claims of decreased muscular trauma with

a single MIS incision versus a standard incision or any

increased muscular trauma with a MIS-II incision THA

versus a miniposterior THA [2, 8, 13, 25, 27]. Moreover,

the sensitivity of the tests used may not be able to differ-

entiate small differences in the contributory effects of

surgical incision length, muscle groups affected, and

operative time. However, we suggest all three MIS pro-

cedures for primary THA affect systemic enzyme markers

in a similar fashion. Additional study would determine the

values of a more traditional surgical approach such as the

Southern approach or a standard Hardinge-type approach to

the MIS procedures described. However, in our practice,

patients commonly request less invasive surgical options

and thus it may be difficult to accrue the numbers needed

for additional study.
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