
Acta Orthopaedica 2024; 95: 440–445  440

Less inflammatory response in the direct anterior than in the 
direct lateral approach in patients with femoral neck fractures 
receiving a total hip arthroplasty: exploratory results from a 
randomized controlled trial

John Magne HOSETH 1,2, Otto Schnell HUSBY 1,3, Øystein Bjerkestrand LIAN 1,3, 		
Tor Åge MYKLEBUST 4,5, and Tommy Frøseth AAE 1,3,4 

1 Department of Orthopaedic Surgery, Health Møre and Romsdal HF, Kristiansund Hospital, Kristiansund; 2 Faculty of Medicine 
and Health Sciences, NTNU, Trondheim; 3 Department of Neuromedicine and Movement Science, NTNU, Trondheim; 4 The 
Clinical Research Unit, Health Møre and Romsdal HF, Ålesund; 5 The Cancer Registry of Norway, Oslo, Norway
Correspondence: jmhoseth@gmail.com
Submitted 2024-01-11 Accepted 2024-07-04

© 2024 The Author(s). Published by MJS Publishing – Medical Journals Sweden, on behalf of the Nordic Orthopedic Federation. This is an Open Access article 
distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.org/licenses/by/4.0/), which permits shar-
ing, adapting, and using the material for any purpose, including commercial use, with the condition of providing full attribution to the original publication.
DOI 10.2340/17453674.2024.41242

Background and purpose — It is still debatable which 
is the least invasive approach to the hip joint in arthroplasty 
for a femoral neck fracture (FNF). We compared the tradi-
tional direct lateral approach (DLA) with the direct anterior 
approach (DAA) regarding creatine kinase (CK), C-reactive 
protein (CRP), and hemoglobin (Hb).

Methods — In a randomized controlled trial, 130 elderly 
patients with dislocated FNFs treated with total hip arthro-
plasty (THA) were included. CK, CRP, and Hb were mea-
sured preoperatively and on postoperative days 1 to 4 and 
were compared between the DAA and DLA groups using 
repeated measures mixed-effect models.

Results — The CK level was significantly higher on the 
1st postoperative day in the DLA group, 597 U/L (95% con-
fidence interval [CI] 529–666) vs 461 U/L (CI 389–532), 
estimated mean difference (MD) 136 U/L (CI 38–235). The 
CRP levels were significantly higher on postoperative days 
3 and 4 in the DLA group, 207 mg/L (CI 189–226) vs 161 
mg/L (CI 143–180), estimated MD 46 mg/L (CI 19–72) and 
162 mg/L (CI 144–181) vs 121 (CI 102–140), estimated MD 
41 mg/L (CI 15–68). Blood loss, expressed as difference in 
Hb, did not differ between the groups.

Conclusion — In an elderly population with FNFs, we 
found that the DAA, compared with the DLA, results in less 
CK and CRP increase, but no change in Hb.

The standard treatment for a dislocated femoral neck frac-
ture (FNF) is a hemiarthroplasty (HA) or a total hip arthro-
plasty (THA). There are 3 conventional routes for accessing 
the hip joint in the case of an FNF: the posterior approach 
(PA), the direct lateral approach (DLA), and the direct ante-
rior approach (DAA). The standard posterior approach is not 
desirable for this patient group due to the high incidence of 
dislocation reported in several publications [1-3]. The DLA is 
widely used because of its low dislocation rates [2], but it is 
associated with muscle weakness due to gluteus medius fail-
ure, which may cause limping and pain [4]. The use of the 
DAA in patients with FNF has demonstrated a substantially 
lower risk of dislocation compared with the posterior approach 
[5], and has been introduced as an alternative approach to the 
hip joint in this patient group [6]. With regard to the inva-
siveness of the approaches to the hip joint, previous studies 
on THA in patients with osteoarthritis (OA) have assessed 
muscle damage, inflammation, and blood loss by comparing 
differences in serum levels of creatine kinase (CK), C-reactive 
protein (CRP), and hemoglobin (Hb) [7,8]. The inflammatory 
response has been little examined in patients with FNF [9,10]. 
We aimed to compare the effect of DAA, relative to DLA, 
on CK, CRP, and blood loss on postoperative days 1 to 4, in 
elderly patients with dislocated FNFs treated with THA.

Methods
Trial design
We conducted a prospective randomized controlled trial 
(RCT) from November 2018 to February 2023 to compare the 
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DAA with the DLA in patients with FNF receiving a THA 
[11]. This manuscript is based on exploratory results from 
this RCT, which has several other outcomes. The main results 
regarding functional outcome will later be reported in another 
paper. The study followed the CONSORT guidelines.

Participants
Patients admitted to the orthopedic ward in Kristiansund Hos-
pital, Norway, with an FNF classified as Garden type 3 or 4 
were considered for inclusion. To fulfill the inclusion criteria, 
patients above 50 years of age had to be ambulatory prior to 
sustaining the fracture and give written consent. The exclu-
sion criteria were infection around the hip, excessive alcohol 
or substance abuse, pathologic fracture, bedridden patients, 
multitrauma patients, and patients with dementia or other 
causes of cognitive impairment.

Intervention
We compared the DAA with the DLA in a 1:1 ratio. All 
patients received a THA.

Outcomes
We compared CK, CRP, and Hb levels between the DAA and 
the DLA groups. Serum markers were measured at the time 
of hospitalization prior to surgery and on 4 consecutive days 
postoperatively during the morning rounds between 7 am and 
9 am.

Sample size
The sample size was based on the primary outcome, which 
was the Timed Up and Go (TUG) test. We estimated 65 
patients for each group, 130 patients in total. We compared 
our sample size with a previous study comparing inflamma-
tory response (CK and CRP respectively) following the pos-
terolateral approach and DAA in hip OA patients [8]. In that 
study, the authors calculated a sample size with the power of 
90% and an alpha of 5%. Consequently, 23 patients were esti-
mated for each group. 

Randomization and stratification
Patients were randomized to either DAA or DLA using the 
WebCRF program [12], a secure data collection solution 
where patients can be randomized, and data can be stored 
and later retrieved for analysis. After written informed con-
sent was obtained, stratification was performed for the fol-
lowing prognostic factors: (i) pre-fracture place of residence 
(i.e., home or residential care); (ii) pre-fracture functional 
status (i.e., using a walking aid or walking independently); 
(iii) American Society of Anesthesiologists (ASA) Class (i.e., 
Class I/II or III/IV/V). 

The patients were included in the study by the orthopedic resi-
dent on duty, while the principal investigator generated the allo-
cation sequence and assigned patients to type of intervention.

There was no blinding of patients, surgeon, or physiotherapist. 

Surgical technique
2 experienced hip surgeons performed all surgeries accord-
ing to the study protocol. They were both beyond the learn-
ing curve of the DAA (> 100 surgeries) [13]. A cemented 
cross-linked polyethylene acetabular component (Marathon, 
Dupuy Synthes, Raynham, MA, USA), and a cemented highly 
polished femoral component (MS-30, Zimmer, Warsaw, IN, 
USA) were used in all cases. We used a CoCr femoral head 
(Zimmer) of 32 mm in diameter.

DAA was performed with the patient in supine position. 
The skin incision was 2 cm distal to and 2 cm lateral to the 
anterior superior iliac spine. A self-holding retractor between 
the tensor fasciae lata (TFL) laterally and the sartorius and 
rectus femoris medially was used. The ascending branch of 
the lateral circumflex femoral artery was ligated. The ante-
rior part of the capsule was removed. To mobilize the femur, 
the pubofemoral and ischiofemoral ligaments were released. 
Components were implanted. 

DLA was performed in a lateral decubitus position. A lon-
gitudinal incision was made extending 3–5 cm proximal and 
about 5–8 cm distal to the tip of the greater trochanter. The 
tendon and muscle fibers of the gluteus medius were split at 
the midway point between the anterior and posterior extent of 
the muscle. After implantation, the capsule was closed with 
interrupted sutures. The gluteus medius muscle was reat-
tached with osteosutures. 

For both approaches, the fascia was closed with running 
sutures, the subcutaneous tissue with non-running sutures, and 
the skin with non-absorbable running sutures. 

Serum markers of muscle damage, inflammation, 
and blood loss 
CK, CRP, and Hb were used as serum markers as a surrogate 
measure of muscle damage, inflammation, and blood loss 
respectively. CK is mostly found in skeletal muscle, and is 
a marker of skeletal muscle breakdown [14]. The CK refer-
ence range is 30–135 U/L for females and 55–170 U/L for 
males, varying with age, race, and muscle mass [15]. CRP 
is a common biomarker of infection and inflammation, nor-
mally < 5 mg/L. In uneventful orthopedic surgery, the peak 
level occurs on the 2nd or 3rd postoperative day, and reflects 
the extent of the total inflammatory response including fall, 
fracture, and the surgical trauma [16]. Blood loss was mea-
sured as the difference in serum Hb (g/dL) concentration 
from preoperatively to days 1, 2, 3, and 4 postoperatively. 
The 1st 4 days after surgery were chosen because of the 
corresponding half-life of CK and CRP at 12 and 19 hours 
respectively (14, 16). We corrected for transfusions in the 
statistical analysis.

Statistics
Descriptive statistics on demographic and clinical parameters 
are presented using mean and standard deviation (SD). To 
analyze differences in serum CK, CRP, and Hb concentra-
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tions over time, we estimated repeated-measures mixed-effect 
models (RMMEM) with random intercepts for each patient to 
facilitate the longitudinal structure of the data. We estimated 
separate models for each of the 3 outcomes, controlling for 
baseline measurement as a covariate in the model. For blood 
loss we also included the number of transfused units of blood. 
In addition, all models included study group, time, and inter-
action between study group and time as covariates. From the 
estimated models, we predicted marginal means, and the cor-
responding 95% confidence intervals (CI), for each combina-
tion of time and study group. We assessed pairwise differ-
ences using the Wald test. Lastly, we used logistic regression 
to estimate odds ratio (OR) for receiving blood transfusion. 
P values < 0.05 were considered statistically significant. All 
analyses were performed using IBM SPSS version 29 (IBM 
Corp, Armonk, NY, USA) and STATA version 18.0 (StataCorp 
LLC, College Station, TX, USA). 

Ethics, registration, data sharing, funding, use of AI, 
and disclosures
The regional ethics committee (REK) approved the random-
ized controlled trial (ID 2018/935). The study was registered in 
clinicaltrials.gov (ID NCT03695497, Protocol ID 2018/935). 
Data sharing is possible upon request, which requires fulfill-
ment of law regulations before distribution to foreign coun-
tries. The authors received no funding for this work and have 
no conflicts of interest. AI was not used. Complete disclosure 
of interest forms according to ICMJE are available on the arti-
cle page, doi: 10.2340/17453674.2024.41242

Results

During the inclusion period, 371 patients with FNF were 
admitted to the orthopedic ward. 130 patients were included, 
while 241 patients did not fulfill the inclusion criteria (Figure 
1). 122 patients were excluded due to dementia or other causes 
of cognitive impairment, while 37 patients were excluded 
due to serious comorbidity. 13 patients were not included 
because the study surgeons were absent, and 23 patients were 
excluded due to non-displaced femoral neck fractures. Of the 
130 included patients, 64 patients were allocated to DAA and 
66 were allocated to DLA (Figure 1). 29 patients were lost to 
follow-up during the study period. No patients were lost to 
follow-up the 1st 4 postoperative days; however, 11 patients 
had missing values. In the DAA group 6 patients had missing 
preoperative CK. In the DLA group 2 patients had missing 
preoperative CK, 1 patient had missing CK, CRP, and Hb on 
day 1, 1 patient had missing CK, CRP, and Hb on day 3, and 1 
patient had missing CK, CRP, and Hb on day 4. Demographic 
data included age, sex, body mass index (BMI), and ASA 
grade, which were similar between the 2 groups (Table 1). Of 
all patients, 21% were operated on < 12 hours after the injury, 
38% 12–24 hours after the injury, 32% 24–48 hours after the 
injury, and 9% > 48 hours after the injury. 

The DAA group had an average surgery time of 79 minutes 
(SD 12), which was shorter than the DLA group (84 minutes 
[SD 14], P < 0.02). 

CK
There was no difference in preoperative CK levels between 
DAA 146 U/L (SD 195) and DLA 142 U/L (SD 198), MD 4 

Excluded (n = 241):  
– dementia, 122
– serious comorbidity, 37
– surgeon unavailable, 13
– Garden 2, 13
– Garden 1, 10
– multitrauma, 4
– pathologic fracture, 4
– alcoholism, 2
– covid, 1
– other, 35

Assessed for eligibility
n = 371

Randomized
n = 130

Allocated to direct anterior approach (n = 64)
Received allocated treatment (n = 64)

Allocated to direct lateral approach (n = 66)
Received allocated treatment (n = 66)

Missing measures:
– missing preoperative CK, 6

Analyzed after direct anterior approach 
n = 64

Analyzed after direct lateral approach 
n = 66

Missing measures:
– missing preoperative CK, 2
– missing CK, CRP, Hb day 1, 1
– missing CK, CRP, Hb day 3, 1
– missing CK, CRP, Hb day 4, 1

Figure 1. Consort flowchart. Analysis of creatine kinase (CK), C-reac-
tive protein (CRP), and hemoglobin (HB) preoperatively and on days 
1, 2, 3, and 4 postoperatively.

Table 1. Demographics and preoperative data of the study 
population. Values are count unless otherwise specified

Factor	 DLA	 DAA

Females, n  (%)	 41 (62)	 42 (66)
Age, mean  (SD)	 79.1 (1.2)	 78.1 (1.2)	
BMI, mean (SD)	 23.8 (0.5)	 25.0 (0.6)
ASA class			 
 1	   2	   0	
 2	 16	 17	
 3	 46	 43	
 4	   2	   4	
Time to surgery in hours			 
 0–12	 15	 12	
 12–24	 25	 24	
 24–48	 23	 19	
 > 48	   3	   9
Pre-fracture walking aid	 19	 17	
Admitted from residential care	   3	   2		
General anesthesia, n (%)	   9 (14)	   8 (13)

DAA: direct anterior approach
DLA: direct lateral approach 
BMI: body mass index 
ASA: American Society of Anesthesiologists
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U/L (SD 196). The CK level was significantly higher for DLA 
on the 1st postoperative day, 597 U/L (CI 529–666) vs 461 
U/L (CI 389–532), estimated MD 136 U/L (CI 38–235), but 
not the following days (Table 2), (Figure 2). 

CRP
The preoperative CRP levels were higher for the DAA, 
23 mg/L (SD 38), than for DLA, 9 mg/L (SD 16), MD 14 
mg/L (SD 29). The CRP levels were significantly higher for 
the DLA on postoperative day 3 and on day 4: 207 mg/L 
(CI 189–226) vs 161 mg/L (CI 143–180), estimated MD 
46 mg/L (CI 19–72) and 162 mg/L (CI 144–181) vs 121 
(CI 102–140), estimated MD 41 mg/L (CI 15–68) (Table 2, 
Figure 2).

postoperative renal function in elderly frail patients. Our find-
ings suggest that the DAA in patients with FNF produces less 
inflammation than the DLA in terms of the CRP levels mea-
sured postoperatively. Perioperative CRP levels may correlate 
with postoperative mortality in patients undergoing hip frac-
ture surgery [17]. 

Most studies to date assessing tissue damage and inflamma-
tion following THA in DAA and DLA are in patients with OA, 
not FNF [7,18,19]. For OA patients, it is difficult to claim that 
one approach is superior to the others regarding CK and CRP 
levels, as different studies show conflicting results. Contrary 
to our findings, Mjaaland et al. found that the CK levels were 
significantly higher after DAA than after DLA in OA patients 
[7]. They suggested that stretching of the muscles would 

Table 2. Mean values and differences in CK, CRP, and Hb levels after repeated-
measures mixed-effect models (RMMEM) analysis  

Factor	 DLA (CI)	 DAA (CI)	 Difference (CI)

CK (U/L)			 
 Preop. (SD) 	 142 (198)	 146 (195)	 –4 (196)
 Day 1	 597 (529–666)	 461 (389–532)	 136 (38 to 235)
 Day 2 	 574 (506–643)	 503 (431–574)	 71 (–27 to 170)
 Day 3 	 449 (381–518)	 436 (365–508)	 13 (–86 to 112)
 Day 4 	 350 (282–419)	 345 (274–417)	 5 (–94 to 104)
CRP (mg/L)			 
 Preop. (SD)	 9 (16)	 23 (38)	 –14 (29)
 Day 1	 93 (75–112)	 104 (85–123)	 –11 (–37 to 16)
 Day 2	 198 (180–217)	 171 (153–190)	 27 (0.9 to 54)
 Day 3	 207 (189–226)	 161 (143–180)	 46 (19 to 72)
 Day 4	 162 (144–181)	 121 (102–140)	 41 (15 to 68)
Hb (g/dL)			 
 Preop. (SD)	 12.5 (1.5)	 12.9 (1.9)	 –0.4 (1.7) 
 Day 1	 11.0 (10.8–11.3)	 10.8 (10.5–11.0)	 0.2 (–0.1 to 0.6)
 Day 2	 10.8 (10.5–11.0)	 10.4 (10.2–10.7)	 0.4 (0.02 to 0.7)
 Day 3	 10.6 (10.4–10.9)	 10.5 (10.3–10.8)	 0.1 (–0.2 to 0.5)
 Day 4	 10.9 (10.6–11.1)	 10.6 (10.3–10.9)	 0.3 (–0.04 to 0.7)

CK: creatine kinase
CRP: C-reactive protein 
Hb: hemoglobin
DAA: direct anterior approach
DLA: direct lateral approach
CI: confidence interval
SD: standard deviation
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Figure 2. Differences in creatine kinase (CK), C-reactive protein (CRP), and hemo-
globin (HB) after RMMEM analysis, presenting 95% confidence interval for each 
group on the different days following surgery.

Blood loss
There was no difference in the preoperative Hb 
value between DAA, 12.9 g/dL (SD 1.9), and DLA, 
12.5 g/dL (SD 1.5), MD 0.4 g/dL (SD 0.4). On post-
operative day 2, the groups differed somewhat: the 
DLA had the highest Hb concentration, 10.8 g/dL 
(CI 10.5–11.0) vs 10.4 g/dL (CI 10.2–10.7), esti-
mated MD 0.4 g/dL (CI 0.02–0.7), but the differ-
ence was not considered statistically or clinically 
significant (Table 2, Figure 2). 47 (36%) patients 
received transfusions, 22 of 64 (34%) in the DAA 
group, and 25 of 66 (38%) patients in the DLA 
group. The groups did not differ in the odds of 
receiving a transfusion (OR 1.2, CI 0.6–2.4). The 
DAA group received 60 units of blood (1 unit cor-
responds to 300 mL), with an average of 2.7 units 
per patient transfused. The DLA group received 57 
units of blood (2.3 units per transfused patient), i.e., 
no statistically significant difference. 

Discussion

The study aimed to compare the effect of DAA, 
relative to DLA, on CK, CRP, and blood loss on 
postoperative days 1 to 4, in elderly patients with 
dislocated FNFs treated with THA. We showed 
that postoperative tissue damage, as measured by 
a change in serum CK, and inflammation, as mea-
sured by a change in CRP, were lower in the DAA 
group compared with the DLA group. This corre-
sponds well with the technique of the DAA where 
no muscles are detached, i.e., a muscle-sparing 
approach. Our findings suggest less surgical trauma 
in patients operated on with DAA than with DLA 
during the early postoperative days. 

CK was significantly elevated in both groups. The 
average difference in CK between the groups on 
day 1 after surgery was almost 3 times the normal 
CK value. This could possibly have an effect on 
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release more CK than cutting the muscle, as per gluteus medius 
detachment in the DLA. Patients with FNF usually have less 
muscle mass than the younger OA population. Hence, they 
could be less sensitive to the stretching of muscles in DAA. 
Ugland et al. [20] compared the DLA with the Watson Jones 
approach (WJA) in patients with FNF who received an HA. 
They found an increased CK level postoperatively after WJA, 
meaning that their CK results point in a different direction than 
ours, although their population was comparable and the WJA 
also is considered a muscle-sparing approach.

There have been very few studies of a population with FNF 
receiving a THA in regard to tissue damage, inflammation, and 
blood loss. A recent RCT [21] compared early clinical efficacy 
of the SuperPath approach with the DLA in THA for FNF. Simi-
lar to our findings, they found a significant rise in CK in favor 
of the minimally invasive SuperPath, but they could not demon-
strate a difference in CRP between the 2 approaches. Although 
they reported repeated measurements of CK and CRP, they did 
not include an RMMEM analysis, in contrast to our study. 

The slightly higher Hb concentration in the DLA group 
compared with the DAA group did not reach statistically or 
clinically significant difference at any time. The DAA may be 
associated with greater blood loss than the DLA in patients 
with OA [7]. This can be explained by the surgical access to 
the hip joint in the DAA. The intermuscular layer between the 
TFL on the lateral side and the sartorius and the rectus femoris 
on the medial side is shielded by the ascending branches of the 
lateral circumflex artery, which vary in number. After ligature 
or diathermia, these arteries could rebleed postoperatively.

The DAA can be a challenging approach to master, and 
without proper training it can lead to unnecessary compli-
cations [13]. The learning curve for the DAA is said to be 
approximately 100 cases [22]; in our opinion the minimum 
amount of cases needed is 50–100 cases annually.

Strengths and limitations
Strengths. The main strengths of our RCT are, first, that there 
was an adequate sample size with no differences in patient 
demographics due to stratification and, second, that all sur-
geries were performed by 2 surgeons experienced with both 
approaches. 

Limitations. It is uncertain whether less tissue damage and 
inflammation measured by CK and CRP translates into a 
better outcome regarding pain and mobility. Although we tried 
to create equal groups by stratifying on certain factors, there 
may have been many unknown patient characteristics that 
could have played a role as confounding factors, such as dif-
ferent medications and comorbidities. Controlling for differ-
ent medications could pose a challenge due to polypharmacy. 
We did not control for preoperative creatinine or creatinine 
clearance in the RMMEM analysis, but the influence of renal 
function on CK levels seems to have been negligible [23]. Our 
study population had a mean BMI reflecting normal weight. 
In the DAA, entering the joint is easier in slim or lean patients 

than in obese or muscular patients. This may be reflected in 
the lower concentrations of CRP levels postoperatively in the 
DAA group than in the DLA group. 

Measuring blood loss is complicated, and measuring a 
decrease in Hb values is not entirely accurate when we know 
that Hb is a measure of concentration influenced by intrave-
nous fluid administration and diuresis in the pre-, intra-, and 
postoperative periods. There was no set limit to how often the 
patients were transfused; they were given blood when indi-
cated. They received blood transfusion when postoperative 
anemia was symptomatic and interfering with mobilization. 
This threshold was usually lower for patients with coronary 
heart disease and other comorbidities. 

Conclusion

In our study, we found lower postoperative CK and CRP 
levels after DAA than after DLA, which indicate less muscle 
damage and inflammation. We found no difference in blood 
loss between the groups. 

From a clinical perspective, our findings suggest that DAA 
may reduce tissue damage and inflammation. Further stud-
ies need to confirm whether these potential advantages in the 
immediate postoperative period can enhance mobilization and 
reduce morbidity and mortality in the fracture population.

JMH: original idea, study setup, interpretation of data, drafting of manu-
script. OSH: study setup, interpretation of data, revision of manuscript. 
ØBL: revision of manuscript. TAM: interpretation of data, revision of man-
uscript. TFA: interpretation of data, revision of manuscript. 

Handling co-editors: Cecilia Rogmark and Robin Christensen
Acta thanks Volker Thomas Christian Otten and Bjarke Viberg for help 
with peer review of this manuscript.

	
1.	 van der Sijp M P L, van Delft D, Krijnen P, Niggebrugge A H P, 

Schipper I B. Surgical approaches and hemiarthroplasty outcomes for 
femoral neck fractures: a meta-analysis. J Arthroplasty 2018; 33(5): 
1617-27.e9. doi: 10.1016/j.arth.2017.12.029.

2.	 Svenoy S, Westberg M, Figved W, Valland H, Brun O C, Wangen H, 
et al. Posterior versus lateral approach for hemiarthroplasty after femoral 
neck fracture: early complications in a prospective cohort of 583 patients. 
Injury 2017; 48(7): 1565-9. doi: 10.1016/j.injury.2017.03.024.

3.	 Sköldenberg O, Ekman A, Salemyr M, Bodén H. Reduced dislocation 
rate after hip arthroplasty for femoral neck fractures when changing from 
posterolateral to anterolateral approach. Acta Orthop 2010; 81(5): 583-7. 
doi: 10.3109/17453674.2010.519170.

4.	 Berstock J R, Blom A W, Beswick A D. A systematic review and meta-
analysis of complications following the posterior and lateral surgical 
approaches to total hip arthroplasty. Ann R Coll Surg Engl 2015; 97(1): 
11-16. doi: 10.1308/003588414X13946184904008.

5.	 Charles T, Bloemers N, Kapanci B, Jayankura M. Complication rates 
after direct anterior vs posterior approach for hip hemiarthroplasty in 
elderly individuals with femoral neck fractures. World J Orthop 2024; 
15(1): 22-9. doi: 10.5312/wjo.v15.i1.22.

6.	 Manzo MA, Hali K, Koucheki R, Wolfstadt J I, Edwards T C, Lex 
J R. Complications and early recovery following hip hemiarthroplasty 
through the direct anterior approach: a systematic review and meta-anal-
ysis. Eur J Orthop Surg Traumatol 2023; 33(8): 3267-86. doi: 10.1007/
s00590-023-03603-0.



Acta Orthopaedica 2024; 95: 440–445 445

7.	 Mjaaland K E, Kivle K, Svenningsen S, Pripp A H, Nordsletten L. 
Comparison of markers for muscle damage, inflammation, and pain using 
minimally invasive direct anterior versus direct lateral approach in total 
hip arthroplasty: a prospective, randomized, controlled trial. J Orthop Res 
2015; 33(9): 1305-10. doi: 10.1002/jor.22911.

8.	 Rykov K, Reininga I H F, Sietsma M S, Knobben B A S, Ten Have 
B. Posterolateral vs direct anterior approach in total hip arthroplasty 
(POLADA Trial): a randomized controlled trial to assess differences in 
serum markers. J Arthroplasty 2017; 32(12): 3652-8.e1. doi: 10.1016/j.
arth.2017.07.008.

9.	 Restrepo C, Parvizi J, Pour A E, Hozack W J. Prospective randomized 
study of two surgical approaches for total hip arthroplasty. J Arthroplasty 
2010; 25(5): 671-9.e1. doi: 10.1016/j.arth.2010.02.002.

10.	 Ilchmann T, Gersbach S, Zwicky L, Clauss M. Standard transgluteal 
versus minimal invasive anterior approach in hip arthroplasty: a prospec-
tive, consecutive cohort study. Orthop Rev (Pavia) 2013; 5(4): e31. doi: 
10.4081/or.2013.e31.

11.	 Hoseth J M. clinicaltrials.gov 2018 [clinicaltrials.gov]. Available from: 
https://classic.clinicaltrials.gov/ct2/show/NCT03695497?term=direct+a
nterior+approach&cond=Hip+Fractures&cntry=NO&city=Kristiansund
&draw=2&rank=1.

12.	 Technology. CRUatNUoSa 2019. Available from: https://www.klinforsk.
no/info/WebCRF.

13.	 Nairn L, Gyemi L, Gouveia K, Ekhtiari S, Khanna V. The learning 
curve for the direct anterior total hip arthroplasty: a systematic review. 
Int Orthop 2021; 45(8): 1971-82. doi: 10.1007/s00264-021-04986-7.

14.	 Rebalka I, Hawke T. Potential biomarkers of skeletal muscle damage. 
Biomark Med 2014; 8(3): 375-8. doi: 10.2217/bmm.13.163.

15.	 Pagana K D, Pagana T J, Pagana T N. Mosby’s diagnostic & labora-
tory test reference. 14th ed. St. Louis, MO: Elsevier; 2019.

16.	 Neumaier M, Braun K F, Sandmann G, Siebenlist S. C-reactive pro-
tein in orthopaedic surgery. Acta Chir Orthop Traumatol Cech 2015; 
82(5): 327-31. PMID: 26516948.

17.	 Chen B K, Liu Y C, Chen C C, Chen Y P, Kuo Y J, Huang S W. 
Correlation between C-reactive protein and postoperative mortality in 
patients undergoing hip fracture surgery: a meta-analysis. J Orthop Surg 
Res 2023; 18(1): 182. doi: 10.1186/s13018-023-03516-y.

18.	 Iorio R, Viglietta E, Mazza D, Iannotti F, Nicolosi I, Carrozzo A, et 
al. Do serum markers correlate with invasiveness of the procedure in 
THA? A prospective randomized study comparing direct anterior and lat-
eral approaches. Orthop Traumatol Surg Res 2021; 107(8): 102937. doi: 
10.1016/j.otsr.2021.102937.

19.	 De Anta-Díaz B, Serralta-Gomis J, Lizaur-Utrilla A, Benavidez E, 
López-Prats F A. No differences between direct anterior and lateral 
approach for primary total hip arthroplasty related to muscle damage 
or functional outcome. Int Orthop 2016; 40(10): 2025-30. doi: 10.1007/
s00264-015-3108-9.

20.	 Ugland T O, Haugeberg G, Svenningsen S, Ugland S H, Berg Ø H, Pripp 
A H, et al. Biomarkers of muscle damage increased in anterolateral com-
pared to direct lateral approach to the hip in hemiarthroplasty: no correlation 
with clinical outcome : Short-term analysis of secondary outcomes from a 
randomized clinical trial in patients with a displaced femoral neck fracture. 
Osteoporos Int 2018; 29(8): 1853-60. doi: 10.1007/s00198-018-4557-y.

21.	 Shen J, Ji W, Shen Y, He S, Lin Y, Ye Z, et al. Comparison of the early 
clinical efficacy of the SuperPath approach versus the modified Hardinge 
approach in total hip arthroplasty for femoral neck fractures in elderly 
patients: a randomized controlled trial. J Orthop Surg Res 2023; 18(1): 
215. doi: 10.1186/s13018-023-03713-9.

22.	 Peters R M, Ten Have B, Rykov K, Van Steenbergen L, Putter H, 
Rutgers M, et al. The learning curve of the direct anterior approach 
is 100 cases: an analysis based on 15,875 total hip arthroplasties in 
the Dutch Arthroplasty Register. Acta Orthop 2022; 93: 775-82. doi: 
10.2340/17453674.2022.4802.

23.	 Nayashida N, Chihara S, Tayama E, Akasu K, Kai E, Kawara T, et al. 
Influence of renal function on serum and urinary heart fatty acid-binding 
protein levels. J Cardiovasc Surg (Torino) 2001; 42(6): 735-40. PMID: 
11698938.


