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Background
The use of the direct lateral approach and its modifications for total hip arthroplasty 
(THA) may lead to postoperative abductor weakness. Assessment of abductor 
muscle function by the use of quantitative electromyography (EMG) aims to 
investigate the nature of abductor muscle dysfunction.
Methods
We conducted a study on 40 patients who had hip replacement through the modified 
direct lateral approach. EMG was performed before surgery on the affected and 
normal sides and repeated on the operated side after surgery by 6 and 12 weeks. 
Analysis of EMG of the three abductor muscles was done in all patients.
Results
EMG evidence of acute denervation of hip abductors was present in 15 hips 
(37.5%) after 6 weeks. Improvement of EMG findings occurred in 8 out of 15 
patients. Quantitative electromyography (QEMG) showed early significant increase 
in amplitude in all muscles and decrease in duration in gluteus medius (G. Med) 
with a pattern of acute nerve injury. At 12 weeks, the values of duration, amplitude, 
and phase were insignificantly different from the preoperative values signifying the 
return of near normal muscle activity.
Conclusion
The use of modified direct lateral approach can cause denervation of hip abductors. 
It is common in the early postoperative weeks. However, it tends to improve and the 
residual weakness in some patients is not marked. Quantitative electromyography 
showed that partial denervation is related to superior gluteal nerve stretching and 
not to direct injury of the terminal branches of the nerve through the incision.
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Introduction
The main concern in performing lateral approaches 
of the hip for joint replacement is abductor muscle 
dysfunction [1,2]. The transgluteal approach [3] and 
the direct lateral approach [4] or their modifications 
[1,5–8] entail partial incision through the gluteus 
medius (G. Med) muscle and detachment of the 
insertion of both the G Med and minimus off the 
greater trochanter. Proximal incision through the 
fibers of G Med can endanger the superior gluteal 
nerve (SGN) whose ramifications or the inferior 
trunk are close with a variable distance from the apex 
of the trochanter. This ‘safe zone‘ has been thoroughly 
studied [9–13] or even questioned by many authors 
[14–17]. In spite of recommendations of all surgical 
approaches that proximal extension should not 
exceed 2–5 cms from the tip of the greater trochanter 
[1,3,7,8,10,18–20] or 2–4 cms from superior lateral 
acetabular rim [6,21], still there are reports of SGN 

injury as proved by electromyography (EMG) 
[2,22–26], or observed in clinical studies [24,27–31]. 
Abductor weakness leads to increased stresses around 
the acetabular components [32], and can affect 
long-term survival of the implant. The incidence 
of postoperative abductor muscles denervation as 
reported by EMG ranges from 3.4 to 56% [2,22–25]. 
Abductor muscle dysfunction has been also explained 
as a result of muscle damage or inappropriate repair 
[2,23,25,33].

Routine EMG studies are based on subjective, ordinal 
data representing the motor unit action potential 
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(MUAP) electrical activity expressed in qualitative terms 
and it is very dependent on the examiner experience 
[34]. Quantitative electromyography (QEMG) has the 
benefit of reducing examiner bias in data collection and 
providing numerical values that can be followed and 
compared over time and it’s more objective [34,35]. It 
can help to recognize mild abnormalities if the muscle 
is minimally affected and in early neurogenic process 
where EMG findings on subjective assessment may be 
equivocal [36,37]. The aim of this work is to evaluate 
abductor muscle function by QEMG after modified 
direct lateral approach for hip replacement. QEMG 
analysis will be used to explain the possible causes of 
abductor dysfunction.

Patients and methods
This is a prospective case series study in which 40 
patients who had been operated on by THA for the 
diagnosis of advanced hip arthritis (OA) or fracture 
neck of femur (FNF) with normal contralateral hip 
were included.

Any patient above the age of 18  years old that is 
undergoing THA for either OA or FNF in the period 
between April 2018 and April 2019 were included in 
our study. Patients with previous neurological diseases, 
patients with poor diabetic control (HbA1c more than 
6), peripheral neuropathies, Epilepsy, and patients with 
previous hip surgery were excluded.

For all patients, the procedure was explained and a 
written consent for the surgery and participation in 
the study was obtained and the standard preoperative 
clinical and laboratory assessment were done.

Clinical examination of the hip was done in OA 
patients including testing of abductor muscle power 
by Medical Research Council (MRC) grading of 
muscle power [38]. This method involves testing the 
abductors against the examiner’s resistance and grading 
the patient’s strength on a 0–5 scale accordingly. 
Trendelenberg test was done as modified by Hardcastle 
and Nade [39].

For patients who had FNF we could not assess 
them clinically preoperatively. So we evaluated them 
clinically and recorded Trendelenburg test results 
and MRC grading postoperative after twelve weeks. 
The study was approved by the Ethical Committee 
in our Institution (IRB NO. 17100496). The primary 
outcome of this study is to analyze the percentage of 
patients having abnormal EMG after THA using the 
lateral approach and how many patients of them are 
due to direct denervation.

Surgical procedure
A modified direct lateral approach [1,5–8] with the 
patient in lateral position had been used in all cases. The 
split in the fibers of G Med is made more anteriorly 
than the transgluteal [3] approach or the classic 
direct lateral [4] approach in the anterior third of the 
muscle mass and continues to preserve the tendinous 
continuity distally with the vastus lateralis (Fig. 1). 
The split is limited proximally to less than 3 cm above 
greater trochanter to prevent injury to SGN. Anterior 
flap is developed and anterior joint capsule is exposed to 
be closed later on before repair of gluteus medius. The 
capsule is closed with heavy sutures typically through 
holes in the trochanter to reattach the anterior flap to 
the intertrochanteric region, then the G Med tendon 
proximally and vastus lateralis distally are closed. All 
surgeries were performed by three experienced surgeons 
who had at least 10 years of experience in performing 
the modified Harding approach. Postoperatively all 
patients received the same rehabilitation program with 
hip muscle static strengthening exercises.

Quantitative EMG
QEMG of the three muscles supplied by SGN i.e. 
G.Med, gluteus minimus (G.Min) and tensor fascia 
lata (TFL) was done on the side of the operation 
and the other side as a control before surgery and 
repeated on the operated side 6 weeks and 12 weeks 
postoperative.

The EMG was recorded with the ordinary concentric 
needle electrode from the three muscles. A  more 
complete assessment the muscle which usually requires 
2 to 4 different passes through the muscle moving 
along a straight line through the muscle in short steps 

Figure 1

The anterior muscle flap in gluteus medius (G.Med) muscle elevated 
to show the proximal extension of the muscle incision.
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(0.5–1 mm) [40,41], guided by the surface landmarks 
ASIS, PSIS and Greater Trochanter. (Fig. 2).

EMG device: Neuropack S1 MEB-9400 (Nihon 
Kodhen) with QP-951 Quantitative EMG Software.

The following examinations were done.

Examining a resting muscle
For detection of abnormal spontaneous discharges 
(positive sharp waves or fibrillation potentials) that 

may be indicators of denervation. Normally there is no 
spontaneous activity at rest.

Examining a contracting muscle
With gentle active hip abduction, the morphologic 
features (amplitude, duration, and phases) of the MUAP 
are recorded. Measurement of MUAPs and analysis of 
interference patterns are typically made by QEMG to 
measure MUAP parameters and isolating and recording 
MUAPs in different areas of the muscle (Fig. 3a and b). This 
was only done for all patients except patients with FNFS.

Figure 2

Needle electromyography examination of hip abductors after surgery with the patient on his side and the examiner testing the gluteus minimus 
muscle.
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Analysis of the MUAPs
The parameters are automatically calculated by software 
for MUAP analysis. Acute or ongoing denervation is 
diagnosed by abnormal rest potentials and MUAPs that 
may have abnormal parameters, or vary in morphology 
from the base line preoperative QEMG.

A further follow-up QEMG was undertaken 3 months 
(mean 95 days) postoperative. Signs of re-innervation 

were determined by normalization of the morphology, 
amplitude, duration and firing pattern of the MUAP.

Statistical analysis
We used the SPSS (v. 12.0.; IBM Corporation, Somers, 
NY USA) to test the difference between averaged 
measurements using parametric (one sample mean test, 
and independent samples t-test), and nonparametric 
(Mann–Whitney-U test) statistical tests.

Figure 3

Quantitative electromyography analysis of gluteus minimus muscle. A-MUP analysis window of 4 motor units. B- Analysis of amplitude, duration 
and phase.
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The sample size for this case series study were calculated 
as the total coverage of patients undergoing THA in 
the period from April2018 to April 2019 who met our 
inclusion criteria.

Results
Mean age of the enrolled patients was 56.35 ± 12.9 years 
with a range between 23 and 85 years. Out of those 
patients; 23 (57.5%) patients were males and 17 
(42.5%) patients were females. OA and FNF were 
present in 22 (55%) and 18 (45%) patients, respectively.

Pre-operative QEMG analysis
Preoperatively, all patients had normal EMG of 
G.Med, G min and TFL. There were no significant 
differences between baseline QEMG parameters of all 
three muscles in the side to be operated on (affected) 
and the contralateral (normal) side (Table 1).

Postoperative QEMG analysis

(1) Follow-up electrophysiological study results after 6 
and 12 weeks.

In the first follow-up after 6 weeks postoperative, 25 
patients has normal EMG while 15 (37.5%) patients 
showed EMG evidence of acute denervation of hip 
abductors in the form of positive sharp waves or 
fibrillation potentials (abnormal rest potentials) with 
abnormal MUAP parameters.

After 12 weeks, improvement of EMG findings 
occurred in 8 out of 15 patients with the total number 
of 33 out of 40 (82.5%) patients showing normal EMG. 
Seven (17.5%) patients showed residual abnormal 
EMG (Table 2).

(2) Analysis of postoperative QEMG parameters in 
abductor muscles after 6 and 12 weeks.

(Table 3):

QEMG parameters of G.Med

Duration: values at 6 weeks were higher with highly 
significant difference in comparison to baseline duration. 
There was also highly significant difference in duration 
after 6 weeks and after 12 weeks with no significant 
difference between baseline duration and after 12 weeks.

Amplitude: after 6 weeks, amplitude was significantly 
lower in comparison to baseline amplitude. There was 
significant difference between amplitude after 6 weeks 
and after 12 weeks with no significant difference 
between baseline amplitude and after 12 weeks.

Phase: showed no significant between different times 
of assessment.

QEMG parameters of G.Min

Analysis of duration showed similar finding as G.Med 
with significant differences. Amplitude showed no 

Table 1 Comparison between Preoperative Quantitative electromyography parameters of G.Med, G.min and TFL of affected and 
normal side

Preoperative QEMG Affected side (Mean±SD) Normal side (Mean±SD) P. value 

Gluteus Medius

 Duration (ms) 26.54 ± 4.56 27.65 ± 3.7 0.236

 Amplitude (uV) 584.27 ± 94.76 562.52 ± 35.1 0.177

 Phase 5.92 ± 1.59 5.52 ± 0.3 0.122

Gluteus Minimus

 Duration (ms) 25.18 ± 3.96 26.33 ± 3.9 0.195

 Amplitude (uV) 525 ± 97.04 549.52 ± 39.1 0.142

 Phase 5.85 ± 1.03 6.1 ± 0.4 0.156

Tensor Fascia Lata

 Duration (ms) 25.11 ± 4.13 26.65 ± 3.7 0.083

 Amplitude (uV) 551.53 ± 81.04 569.52 ± 35.1 0.201

 Phase 5.81 ± 1.09 6.1 ± 0.3 0.109

Data expressed as mean ±SD. P value is significant if less than 0.05.

Table 2 Quantitative electromyography findings of all three muscles in patients preoperative and after surgery by 6 and 12 weeks

QEMG Preoperative 
(n=40) No. (%) 

6 w Postoperative 
(n=40) No. (%) 

12 w Postoperative 
(n=40) No. (%) 

P1 P2 P3 

Normal 40 (100.0) 25 (62.5) 33 (82.5) < 0.001** 0.018* 0.080

Abnormal 0 15 (37.5) 7 (17.5)    

P1: Comparison between preoperative versus postoperative % of normal Quantitative electromyography after 6 weeks.
P2: Comparison between preoperative versus postoperative % of normal Quantitative electromyography after 12 weeks.
P3: Comparison between postoperative (6weeks) versus postoperative (12 weeks) % of normal Quantitative electromyography.
** = highly significant difference. *=significant difference.
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significant differences between different times of 
assessments. The 6-week phase of G.Min muscle was 
significantly lower in comparison to preoperative value 
(highly significant). There was significant difference 
between 6weeks and after 12 weeks phase but with 
no significant difference between preoperative and 12 
weeks phase.

QEMG parameters of TFL
Analysis of duration showed similar finding as G.Med. 
Amplitude of TFL muscle showed no significant 
differences between different times of assessments. 
Also, phase showed no significant differences between 
different times of assessments with exception of 
significantly higher phase at 6 weeks in comparison to 
12 weeks.

Analysis of QEMG results according to diagnosis

Baseline EMG among enrolled patients based on diagnosis
There were no significant differences between patients 
with OA and those with FNF as regards baseline 
duration, amplitude and phase (Table 4).

Postoperative QEMG results in patients with OA 
and FNF. In patients with OA (22), there was 
acute denervation of hip abductors (6 weeks) in 10 
(45%) patients. After 12 weeks, there was persistent 
denervation in 4 (18.1%) patients. In patients with 
FNF (18), there was acute denervation of hip abductors 
(6 weeks) in 5 (27.7%) patients. After 12 weeks, there 
was persistent denervation in 3 (16.6%)patients with 
no statistical difference between the two groups 
(Table 5) and (Fig. 4).

Clinical Results: MRC grading. Nine out of 40 (22.5%) 
patients had weakness of abductor muscles at 12 weeks. 
All had grade 4-muscle power. All seven patients who 
had residual abnormal EMG examination had grade 
4-muscle power. The other two patients with weakness 
had normal EMG examination. Trendelenburg test. 
At final follow-up, 14 patients out of 40 (35%) had 
positive Trendelenburg test. Of those, five patients had 
residual abnormal EMG and nine patients had normal 
EMG examination of abductor muscles.

Table 3 Comparison between preoperative and follow-up Quantitative electromyography parameters of the affected abductors in 
total sample

QEMG parameters Preoperative 6 weeks 12 weeks P1 P2 P3 

Gluteus medius

 Duration (ms) 26.54 ± 4.56 30.33 ± 6.36 25.43 ± 4.21 0.003** 0.262 0.001**

 Amplitude (uV) 584.27 ± 94.76 536.48 ± 88.51 576.06 ± 70.54 0.013* 0.142 0.024*

 Phase 5.92 ± 1.59 4.62 ± 1.86 4.76 ± 1.51 0.440 0.428 0.859

Gluteus minimus

 Duration (ms) 25.18 ± 3.96 27.42 ± 5.83 25.81 ± 3.88 0.048* 0.973 0.049*

 Amplitude (uV) 525 ± 97.04 505.42 ± 92.59 527.67 ± 71.43 0.359 0.889 0.242

 Phase 5.85 ± 1.03 3.9 ± 0.22 4.49 ± 1.16 0.009** 0.095 0.036*

Tensor fascia lata

 Duration (ms) 25.11 ± 4.13 29.42 ± 5.49 26.02 ± 4.24 <0.001** 0.333 0.003**

 Amplitude (uV) 551.53 ± 81.04 545.56 ± 96.37 562.2 ± 71.2 0.765 0.533 0.383

 Phase 5.81 ± 1.09 5.52 ± 1.41 4.6 ± 1.57 0.056 0.367 0.022*

Values are presented in mean ±SD.
P1: Comparison between preoperative versus postoperative values after 6 weeks.
P2: Comparison between preoperative versus postoperative values after 12 weeks.
P3: Comparison between 6 weeks postoperative vs. 12 weeks’ postoperative values.
** = highly significant difference. *=significant difference.

Table 4 Baseline electromyography among enrolled patients based on diagnosis

 OA (n=22) FNF (n=18) P value 

Duration (ms) 26.53 ± 4.56 23.80 ± 8.69 0.13

Amplitude (uV) 584.26 ± 94.75 583.80 ± 84.45 0.45

Phase 5.92 ± 1.58 4.02 ± 2.85 0.11

Data expressed as mean±SD. P value was significant if less than 0.05.
FNF, fracture neck of femur; OA, osteoarthritis.

Table 5 Comparison between Quantitative electromyography results in patients with osteoarthritis and fracture neck of femur

Diagosis OA hip FNF P value 

Total Number 22 18  

Abnormal EMG 6 week (Acute denervation) 10 (45%) 5 (27.7%) 0.33

Abnormal EMG 12 weeks (Persistent denervation) 4 (18.1%) 3 (16.6%) >0.99

P value is significant if less than 0.05. OA: osteoarthritis; FNF: fracture neck of femur.
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Discussion
Postoperative abductor dysfunction following the 
direct lateral approach for hip arthroplasty has been 
reported in many studies [2,22,24,25,27].

It is multi-factorial, and the morbidity attributable to 
SGN injury is difficult to define [15,22,24,25]. Injury 
through the approach by extending the proximal split 
beyond the proposed ‘safe zone‘ in the surgical approach 
is the direct cause of abductor denervation [9,13,42]. 
Other mechanisms are indirect due to stretching 
and positioning of the retractors during acetabular 
exposure or leg positioning during surgery [2,43]. 
Being multifactorial, the abductor weakness in our 
series was found clinically in 14 patients in the form of 
Trendelenburg gait despite that only five out of the 14 
patients had residual abnormal EMG indicating that 
many other factors could contribute to this weakness 
other than SGN injury.

In the literature, the true prevalence of SGN injury is 
not clear. [13,15]. This is because diagnosis of SGN 
injury is dependent only on EMG of the supplied three 
muscles. It is a deeply situated nerve and hence needle 
electrical testing of nerve conduction velocity cannot 
be performed.

Another reason of confusion is that most studies do not 
report a preoperative baseline EMG for comparison 
with false positive findings in patients with previously 
acquired nerve damage [44].

In this study, abductors were examined on the operated 
and normal side prior to surgery. To improve the 
diagnostic efficiency of EMG, quantification was done 
by interference pattern analysis.

In the first postoperative follow-up after 6 weeks, 
15 (37.5%) patients showed EMG evidence of acute 

Figure 4

Flowchart showing residual abnormal Quantitative electromyography in patients with osteoarthritis and fracture neck of femur.
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denervation. Spontaneous recovery occurred in 8 of 15 
patients by 12 weeks, suggesting that these lesions are 
related to traction injury (neurapraxia) or partial axonal 
damage to the fibers. The remaining seven (17.5%) 
patients who had persistent denervation had partial 
denervation (mild affection) as stated from analysis 
of MUAPs. This result is slightly higher than that 
reported by and Baker and Bitounis (3.4%), Ramesh 
et al. (11%) and Picado et al. (12.5%), but less than that 
reported by Abitbol et al. and Kenny et al. (40% and 
56%, respectively) (Table 6).

According to Farkas et  al. [45], the most immediate 
benefit of QEMG (when properly performed) is the 
provision of more precise continuous values for features 
like duration, amplitude, and number of phases/turns.

At 6 weeks there was significant increase in duration of 
MUAPs in all three muscles. Long-duration MUAPs 
may be seen within several weeks or months, after re-
innervation has begun [37].

Also there was significant decrease of amplitude of 
MUAP in G.Med muscle only. The integral value and 
mean amplitude are diagnostic of cases with chronic 
neuropathy [46].

At 12 weeks, these values were insignificantly different 
with the preoperative values signifying return of near 
normal muscle activity.

Denervation was present in all three muscles at 6 and 
12 weeks. When compared with the control MUAP 
values before surgery, there were nearly consistent 
changes.

Our interpretation of these results is that direct injury 
to the inferior branch of SGN by the muscular split 
in the surgical approach is unlikely as this would have 
affected the G.Min and TFL more than G.Med as the 
former muscles are supplied by the terminal branches 
of the nerve. The anatomical variations in the branching 
patterns of the nerve [17,18,47] leaves a few terminal 
branches especially in the spray pattern vulnerable to 
injury in the surgical approach. The Proximal split in 
the modified lateral approach is intended to be more 
anterior to limit the G.Med muscle and tendon injury 
and even if it goes beyond the proximal limit, the nerve 
branches to the G.Med would escape injury.

Residual partial denervation of all gluteal muscles in 
seven patients was mild and the QEMG values were 
insignificantly different from their control values before 
surgery, indicating partial recovery from neurapraxia.

Positive Trendelenburg test and limp was evident in five 
out of the seven patients who had residual abnormal 
EMG. All patients had grade 4 abductor muscle power.

Baker and Bitounis [2], Abitbol et  al. [22], Kenny 
et al. [24], and Picado et al. [25], Chomiak et al. [26] 

Table 6 Comparison of studies on superior gluteal nerve dysfunction in hip arthroplasty

 Baker and 
Bitounis 1989 

[2] 

Abitbol et al. 
1990 [22] 

Ramesh 
et al. 1996 

[23] 

Kenny et al. 1999 
[24] 

Picado et al. 
2007 [25] 

Moussazadeh 
et al. 2013 [20] 

Chomiak 
et al. 2015 

[26] 

This study 

Number of 
patients

79 patients 55 patients 81 patients 42 patients 40 patients 31 patients 70 patients 40 patients

Mean age Not reported 57 years 71.6 years 69.8 years 59.5 years 53.5 years 66.2 years 56 years

Type of 
surgery

All THA All THA Hemi: 51 
THA: 30

All THA All THA Resurfacing 
THA

All THA All THR

Type of 
approaches 
used

Modified lateral 
(Dall’s): 29 
Hardinge: 29 
Posterior: 21

Lateral: 45 
Posterior: 10

Hardinge Hardinge:23 
Trans-
trochaneric: 19

Hardinge Modified 
transgluteal

Anterolateral 
22 
Transguteal: 
33 Posterior: 
15

Modified 
lateral

Preoperative 
evaluation

……………. All had normal 
EMG

…………….. (48%had 
abnormal EMG)

EMG: all are-ve 
Trendelenburg 
test: 50% +ve

Surface EMG QEMG all 
normal

QEMG:all 
normal

Follow-up 
period

Three months 52 weeks Up to 
9 months

Three months 6 months 36 months Three to 
nine months

Three months

+ve EMG 
twelve 
weeks post 
operative

Modified 
lateral: (3.4%) 
Hardinge: (17%) 
Posterior:(4.7%)

40% lateral 35% 
posterior

11% Hardinge: 
56% Trans-
trochaneric: 47%

12.5% no neural 
lesions of the 
inferior branch 
of the superior 
gluteal nerve

81.8% 
(42.4% 
of acute 
and 39.4% 
of late 
changes) 
for gluteus 
medius

17.5%

Further 
follow-up 
EMG

…………….. ………………… 9 months 
follow-up +ve 
EMG: 11%

………………….. 6 months 
follow-up +ve 
EMG: 7.5%

  ……..…………
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found no correlation between EMG results and limp, 
positive Trendelenburg test and clinical problems. 
Other authors Ramesh et  al. [23] and Sienbenrok 
et al. [43] found that persistent damage to the nerve 
was associated with a positive Trendelenburg test and 
abductor weakness.

Kovalak et al. [48] showed that fat atrophy of abductors 
on the operated side detected by MRI correlated with 
lower clinical results. Svensson et al. [33] showed that 
Trendelenburg gait was significantly increased only in 
the group of patients who had postoperative separation 
of the gluteal-vastus aponeurosis repair by more than 
2.5 cm. Baker and Bitounis [2] similarly found that 
avulsion of the anterior gluteal flap from the greater 
trochanter is a major reason for postoperative abductor 
weakness.

Significant impairment of hip abductor strength (by 
isokinetic testing) was found as late as 2.5 years after 
surgery compared with the unoperated leg, in one 
study [20]. None of the patients; though, had positive 
Trendelenburg sign.

Limping and Trendelenburg gait is dependent on many 
factors besides muscle strength including anatomical 
and mechanical factors [2,49]. Postoperative abductor 
strength can be affected by preoperative abductor 
function and the conditions of the hip reconstruction, 
including the femoral offset and acetabular cup 
positioning [50].

The possible cause of confusion in the literature between 
the clinical results related to abductor muscle power, 
limp and positive Trendelenburg test can be explained 
by the complexity of function of the three individual 
muscles which are usually tested as a mass action. The 
G.Med muscle is divided into three different parts and 
GMin into two parts with separate nerve supply to each 
part. [49]. The G.Med is active in the stance phase and 
that the three parts of the muscle fire sequentially with 
different actions through the gait cycle [51]. The TFL 
is the major muscle that counter-balances the force of 
the body weight during the stance phase of the gait 
cycle [52,53] and prevents the Trendelenburg gait [54].

QEMG evaluation in patients included in this study 
who had FNF (18 patients, 45% of patients) showed 
no preoperative abnormality. Nerve injury following 
isolated FNF is very rare [55].

In both groups of OA and FNF, acute denervation of 
the SGN detected by QEMG at 6 weeks was partial, 
of mild intensity, and tended to improve spontaneously 
by twelve weeks postoperatively.

The difference in persistent denervation in the group of 
patients with FNF (16.6%) compared with that of the 
OA group (18.1%) was also statistically insignificant. 
For our knowledge this is the first study performed by 
QEMG on patients with FNF operated on by THA 
(Table 6).

By QEMG evaluation in the patients with residual 
abnormalities (17.5%), the changes found in MUAPs 
analysis were related in all patients to neuropathic 
origin. The possible factors related to the approach 
as physical damage of the gluteal muscle fibers and 
failure to reattach the tendon insertions on the greater 
trochanter which can give abnormal EMG findings 
were thus excluded. Either can lead to abductor 
weakness and dysfunction causing obvious limp.

Study Limitations:
Short follow-up as our protocol was guided by previous 
authors [2,23] who found that electrophysiological 
evidence of recovery at three months appeared to 
predict a full return of function.

Relatively small number of patients, as needle EMG 
examination is cumbersome for most patients and 
QEMG automated analysis taker longer time than 
QEMG for the same examination.

Conclusion
The QEMG evaluation showed that all three muscles 
are affected to the same degree confirming that partial 
denervation is related to SGN stretching during the 
exposure and not to direct injury of the terminal 
branches of the nerve through the incision in the 
muscle fibers. The hip abductors usually recover after 
the early postoperative period without major clinical 
disability.

Financial support and sponsorship
None.

Conflicts of interest
None.

References
 1 Mulliken BD, Rorabeck CH, Bourne RB, Nayak N. A modified direct lateral 

approach in total hip arthroplasty. A comprehensive review. J Arthroplasty 
1998; 13:737–47.

 2 Baker  AS, Bitounis  VC. Abductor function after total hip replacement. 
An electromyographic and clinical review. J Bone Joint Surg Br 1989; 
71:47–50.

 3 Bauer  R, Kerschbaumer  F, Poisel  S, Oberthaler  W. The transgluteal 
approach to the hip joint. Arch Orthop Trauma Surg 1979; 95: 47–9.

 4 Hardinge K. The direct lateral approach to the hip. J Bone Joint Surg Br 
1982; 64:17–9.

 5 Bell  SN. Trans-Gluteal Approach for Hemiarthroplasty of the Hip. Arch 
Orthop Trauma Surg 1985; 104:109–112.



304 The Egyptian Orthopaedic Journal, Vol. 58 No. 4, October-December 2023

 6 Frndak PA, Mallory TH, Lombardi AVJr. Translateral surgical approach to 
the hip: the abductor muscle ‘split‘. Clin Orthop 1993; 295:135–41.

 7 Pai V. A modified direct lateral approach in total hip arthroplasty. Journal of 
Orthopaedic Surgery 2002; 10:35–9.

 8 Pipino  F, Cimmino  M, Palermo  A. A modified direct lateral approach 
for neck-preserving total hip arthroplasty: tips and technical notes. J 
Orthopaed Traumatol 2013; 14:137–142.

 9 Duparc  F, Thomine  JM, Dujardin  F, Durand  C, Lukaziewicz  M, Muller  JM, 
Freger P. Anatomical basis of the transgluteal approach of the hip joint by 
anterior hemimyotomy of the gluteus medius. Surg Radiol Anat 1997; 19: 61–7.

 10 Nork  SE, Schär  M, Pfander  G, Beck  M, Djonov  V, Ganz  R, Leunig  M. 
Anatomic considerations for the choice of surgical approach for hip 
resurfacing arthroplasty. Orthop Clin N Am 2005; 36:163–170.

 11 Ikeuchi M, Kawakami T, Yamanaka N, Okanoue Y, Tani T. Safe zone for 
the superior gluteal nerve in the transgluteal approach to the dysplastic 
hip. Intraoperative evaluation using a nerve stimulator. Acta Orthopaedica 
2006; 77: 603–6.

 12 Lavernia CJ, Cook CC, Hernandez RA, Sierra RJ, Rossi MD. Neurovascular 
injuries in acetabular reconstruction cage surgery: an anatomical study. J 
Arthroplasty 2007; 22:124–32.

 13 Stecco C, Macchi V, Baggio L, Porzionato A, Berizzi A, Aldegheri R, De Caro R. 
Anatomical and CT angiographic study of superior gluteal neurovascular 
pedicle: implications for hip surgery. Surg Radiol Anat 2013; 35:107–13.

 14 Eksioglu F, Uslu M, Gudemez E, Atik OS, Tekdemir I. Reliability of the safe 
area for the superior gluteal nerve. Clin Orthop Relat Res 2003; 412:111–6.

 15 Khan  T, Knowles  D. Damage to the superior gluteal nerve during the 
direct lateral approach to the hip: a cadaveric study. J Arthroplasty 2007; 
22:1198–200.

 16 Ince A, Kemper M, Waschke J, Hendrich C. Minimally invasive anterolateral 
approach to the hip: risk to the superior gluteal nerve. Acta Orthopaedica 
2007; 78: 86–89

 17 Basarir  K, Ozsoy  MH, Erdemli  B, Bayramoglu  A, Tuccar  E, Dincel  VE. 
The safe distance for the superior gluteal nerve in direct lateral approach 
to the hip and its relation with the femoral length: a cadaver study. Arch 
OrthopTrauma Surg 2008; 128:645–50.

 18 Jacobs LG, Buxton RA. The course of the superior gluteal nerve in the 
lateral approach to the hip. J Bone Joint Surg Am 1989; 71: 1239–43.

 19 Dujardin F, Mure J, Roussignol X, Lukasiewitch M, Toupin JM, Beccari R, 
et  al. Approach of the hip joint by anterior hemimyotomy of the gluteus 
medius. Approach of Thomine. Interact Surg 2007; 2:144–8.

 20 Moussazadeh AJ, Kohlhof H, Wirtz DC, Wimmer MD, Randau TM, Wölk T, 
Gravius S. Hip resurfacing using a modified lateral approach with limited 
splitting of the gluteus medius muscle results in significant impairment of 
hip abductor strength. Technol Health Care 2013; 21:501–10.

 21 Head  WC, Mallory  TH, Berklacich  FM, Dennis  DA, Emerson  RHJr, 
Wapner  KL. Extensile Exposure of the Hip for Revision Arthroplasty. J 
Arthroplasty 1987; 2: 265–73.

 22 Abitbol  JJ, Gendron D, Laurin CA, Beaulieu MA. Gluteal nerve damage 
following total hip arthroplasty: a prospective analysis. J Arthroplasty 1990; 
5:319–22.

 23 Ramesh  M, O’Byrne  JM, McCarthy  N, Jarvis  A, Mahalingham  K, 
Cashman  WF. Damage to the superior gluteal nerve after the Hardinge 
approach to the hip. J Bone Joint Surg Br 1996;78: 903–6.

 24 Kenny P, O’Brien CP, Synnott K, Walsh MG. Damage to the superior gluteal 
nerve after two different approaches to the hip. J Bone Joint Surg Br 1999; 
81:979–81.

 25 Picado  CHF, Garcia  FL, Marques  WJr. Damage to the superior gluteal 
nerve after direct lateral approach to the hip. Clin Orthop Relat Res 2007; 
455:209–11.

 26 Chomiak  J, Huracek  J, Dvorák  J, Dungl  P, Kubes  R, Schwarz  O, 
Munzinger U. Lesion of gluteal nerves and muscles in total hip arthroplasty 
through 3 surgical approaches. An electromyographically controlled study. 
Hip Int 2015; 25:176–83.

 27 Downing  ND, Clark  DI, Hutchinson  JW, Colclough  K, Howard  PW. Hip 
abductor strength following total hip arthroplasty: a prospective comparison 
of the posterior and lateral approach in 100 patients. Acta Orthop Scand 
2001; 72:215–20.

 28 Pongcharoen  B, Chaichubut  K. Limping Following Primary Total Hip 
Replacement: comparison of 3 Surgical Approaches. JBJS Open Access 
2019; 4:1–6.

 29 Winther SB, Husby VS, Foss OA, Wik TS, Svenningsen S, Engdal M, et al. 
Muscular strength after total hip arthroplasty. Acta Orthopaedica 2016; 
87:22–8.

 30 Horwitz  BR, Rockowitz  NL, Goll  SR, Booth  REJr, Balderston  RA, 
Rothman  RH, Cohn  JC. A prospective randomized comparison of two 
surgical approaches to total hip arthroplasty. Clin Orthop Relat Res 1993; 
291:154–63.

 31 Rosenlund S, Broeng L, Overgaard S, Jensen C, Holsgaard-Larsen A. The 
efficacy of modified direct lateral versus posterior approach on gait function 
and hip muscle strength after primary total hip arthroplasty at 12months 
follow-up. An explorative randomised controlled trial. Clinical Biomechanics 
2016; 39:91–9.

 32 Sutherland AG, D’Arcy S, Smart D, Ashcroft GP. Abductor weakness and 
stresses around acetabular components of total hip arthroplasty: a finite 
element analysis. Int Orthop 1999; 23:275–8.

 33 Svensson O, Sköld S, Blomgren G. Integrity of the gluteus medius after 
the transgluteal approach in total hip arthroplasty. J Arthroplasty 1990; 
5:57–60.

 34 Gutierrez  J. Quantitative EMG (qEMG). Clinical Neurophysiology 2016; 
127:e313.

 35 Rubin  DI. Needle electromyography: basic concepts. In: Levin KH and 
Chauvel P, (eds). Handbook of Clinical Neurology, Vol. 160. (3rd series), 
Clinical Neurophysiology. Basis and Technical Aspects, Elsevier; 2019. 
p. 251 Doi: https://doi.org/10.1016/B978-0-444-64032-1.00016-3.

 36 Nandedkar  SD, Barkhaus  PE. Quantitative EMG Analysis. In: Katirji B, 
Kaminski HJ, Ruff RL, (eds). Neuromuscular Disorders in Clinical Practice. 
New York: Springer. 2014. p. 165.

 37 Daube  JR, Rubin  DI. Needle electromyography. Muscle & Nerve 2009; 
39:244–70.

 38 Compston  A. From the archives. Aids to the Investigation of Peripheral 
Nerve Injuries. Medical Research Council: Nerve Injuries Research 
Committee. Brain 2010; 133:2838–44.

 39 Hardcastle P, Nade S. The significance of the Trendelenburg test. J Bone 
Joint Surg Br 1985; 67:741–6.

 40 Rubin  DI. Needle electromyography: basic concepts and patterns of 
abnormalities. Neurol clin 2012; 30: 429–56.

 41 Strommen JA, Daube JR. Determinants of pain in needle electromyography. 
Clin Neurophysiol 2001; 112:1414–8.

 42 Learmonth  ID, Allen PE. The omega lateral approach to the hip. J Bone 
Joint Surg Br 1996; 78:559–61.

 43 Siebenrock  KA, Rösler  KM, Gonzalez  E, Ganz  R. Intraoperative 
electromyography of the superior gluteal nerve during lateral approach to 
the hip for arthroplasty: a prospective study of 12 patients. J Arthroplasty 
2000; 15: 867–870.

 44 Hasija  R, Kelly  JJ, Shah  NV, Newman  JM, Chan  JJ, Robinson  J, 
Maheshwari AV. Nerve injuries associated with total hip arthroplasty. J Clin 
Orthop Trauma 2018; 9:81–6.

 45 Farkas C, Hamilton-Wright A, Parsaei H, Stashuk DW. A review of clinical 
quantitative electromyography. Crit Rev Biomed Eng 2010; 38: 467–85.

 46 Kobayashi Y, Akaboshi K, Takahashi O, Liu M. Quantitative Evaluation of 
interference patterns on electromyography in neuropathy. Am J Phys Med 
Rehabil 2020; 99:26–32.

 47 Apaydin N, Kendir S, Loukas M, Tubbs RS, Bozkurt M. Surgical anatomy 
of the superior gluteal nerve and landmarks for its localization during 
minimally invasive approaches to the hip. Clin Anat 2013; 26:614–20.

 48 Kovalak E, Özdemir H, Ermutlu C, Obut A. Assessment of hip abductors 
by MRI after total hip arthroplasty and effect of fatty atrophy on functional 
outcome. Acta Orthop Traumatol Turc 2018; 52:196–200.

 49 Al-Hayani A. The functional anatomy of hip abductors. Folia morphol 2009; 
68:98–103.

 50 Kiyama T, Naito M, Shinoda T, Maeyama A. Hip abductor strengths after 
total hip arthroplasty via the lateral and posterolateral approaches. J 
Arthroplasty 2010; 25:76–80.

 51 Soderberg GL, Dostal WF. Electromyographic study of three parts of the 
gluteus medius muscle during functional activities. Phys Ther 1978; 58: 
691–9.

 52 Kaplan  EB. The iliotibial tract: clinical and morphological significance. J 
Bone Joint Surg Am 1958; 40:817–32.

 53 Markhede  G, Stener  B. Function after removal of various hip and thigh 
muscles for extirpation of tumors. Acta Orthop Scand 1981; 52:373–95.

 54 Evans P. The postural function of the iliotibial tract. Ann R Coll Surg Engl 
1979; 61:271–80.

 55 Dharmarajan  R, Vadivelu  R, Lawrence  T. An unusual neurological 
complication following internal fixation of pertrochanteric fracture neck of 
the femur. Hip Int 2002; 12:400–402.


