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Abstract

Background Lateral femoral cutaneous nerve (LFCN)

injury is a common complication in the Smith-Petersen

approach to the hip. This complication may be induced by

neural ischemia or direct trauma during the procedure. The

purpose of this study was to investigate the relationship

between the neural ischemia of LFCN and postoperative

sensory disturbance.

Materials and methods Nineteen patients who underwent

periacetabular osteotomy through the Smith-Petersen

approach were investigated. To evaluate neural ischemia,

we measured the blood flow of LFCN using a laser Doppler

flowmetry. The measurements were performed before and

after osteotomy at the point 1 cm distal from the lower

border of the inguinal ligament. LFCN was retracted to the

medial side during the procedure. There was no direct

trauma to LFCN in all cases. Postoperative sensory dis-

turbance was evaluated at 2 weeks, 3 months, and 1 year

follow-up after surgery.

Results After osteotomy, the blood flow of LFCN was

decreased to 2.4 from 3.3 ml min-1 100 g-1 when com-

pared with that before osteotomy (P \ 0.01). Postopera-

tively, 14 of 19 patients had sensory disturbance at

2 weeks, 8 of 19 patients at 3 months, and 2 of 19 patients

at 1 year follow-up. The blood flows of both patients who

had persistent symptoms over 1 year after surgery had been

decreased by more than 50% during operation.

Conclusions Decrease of blood flow of LFCN by more

than 50% seems to cause persistent symptoms after sur-

gery through the Smith-Petersen approach even if direct

trauma to the nerve is avoided. Excessive traction by

retractors is thought to be the main cause of blood flow

reduction.
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Introduction

In 1917, the Smith-Petersen approach was designed for

access to the hip joint and involves external iliac dissection

[11]. In 1949, he extended this approach to give access to

the anterior hip capsule and lateral femoral anatomy [12].

Since then, this approach has been widely used as an

excellent approach to the hip.

Lateral femoral cutaneous nerve (LFCN) injury is a

relatively frequent complication in the Smith-Petersen

approach to the hip. Injury to the LFCN can occur during

surgery, resulting in an altered sensation known as

meralgia paresthesia. This complication seems to be

induced by direct injury or neural ischemia during oper-

ation to the hip. Regarding the relationship between

neural ischemia and nerve function, Lundborg [6] repor-

ted that complete neural ischemia is followed a deterio-

ration of nerve function. Also, we experienced that some

patients had sensory disturbance after periacetabular

osteotomy through this approach even if direct injury to

the nerve was avoided. Therefore, in order to investigate

the relationship between the neural ischemia of LFCN and

postoperative sensory disturbance, we measured the nerve

blood flow during procedures using the Smith-Petersen

approach.
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Materials and methods

A total of nineteen patients who underwent curved peri-

acetabular osteotomy [8] through the Smith-Petersen

approach were investigated. This study was approved by

our institutional ethics committee and conformed to the

Declaration of Helsinki. All patients signed the approved

informed consent. Patients who had damage to the LFCN

or its branches were not included in this study. In a curved

periacetabular osteotomy, the Smith-Petersen approach is

used for surgical exposure [8]. An anterior incision

approximately 12 cm long begins over the iliac crest 5 cm

posterior to the anterior superior iliac spine (ASIS), extends

forward along the iliac crest to the ASIS, and then turns

distally for 7 cm along the groove between the tensor

fasciae late and the sartorius muscle. The LFCN is dis-

sected free from the surrounding connective tissue and is

retracted to the medial side with sartorius muscle during

the procedure. The data collected for analysis were age,

gender, body-mass index (BMI), and surgical time. BMI

was defined as weight in kilograms divided by height in

meters squared (kg/m2). There were 3 men and 16 women.

Average age at the time of operation was

35.9 ± 10.2 years (range, 14–55 years). Average BMI was

23.5 ± 18.1% and average surgical time was

73.7 ± 10.7 min.

Intraoperative measurements of nerve blood flow

A laser Doppler flowmeter (ALF 21N; ADVANCE,

Tokyo, Japan) was utilized to measure the intraoperative

blood flow of the nerve (Fig. 1) [3, 4]. To avoid inac-

curate measurements caused by bleeding from the sur-

rounding tissue, a plastic tube was placed on the tip of the

probe [4]. The measurements were performed before and

after osteotomy at the point 1 cm distal from the lower

border of the inguinal ligament. The blood flow mea-

surements were repeated three times, and mean values

were calculated. Values measured by laser Doppler

flowmetry refer to the relative change in red blood cell

movement. A decrease ratio for the nerve blood flow was

calculated for each case according to the following for-

mula: decrease ratio = (a–b)/a 9 100 (%), where

a = blood flow before osteotomy and b = blood flow

after osteotomy. In all cases, the same investigator (T.K.)

took the blood-flow measurements.

Clinical evaluation

Postoperative sensory disturbance in the LFCN distribution

was evaluated at 2 weeks, 3 months, and 1 year follow-up

after surgery. Von Frey pressure testing was performed on

all affected hips using the Semmes–Weinstein

monofilament. Normal values were considered 3.22 or

below [2]. The evaluation was performed by one of our

authors (A.M.) who was blinded to the results of blood-

flow measurements.

The Wilcoxon signed rank test and the Pearson cor-

relation coefficient were used for statistical analyses with

the significance level at P = 0.05. A simple linear

regression analysis showed a 95% confidence level with

n = 19 patients for detecting correlation among

age, body-mass index, surgical time, and the decrease

ratio.

Results

Intraoperative measurements of nerve blood flow

After osteotomy, the blood flow of LFCN was decreased to

2.4 ± 0.9 from 3.3 ± 0.87 ml min-1 100 g-1 when com-

pared with that before osteotomy (Fig. 2) (P \ 0.01). The

mean decrease ratio was 23.5 ± 18.1%. The Pearson cor-

relation coefficient analysis did not reveal significant

associations of decrease ratio with age, body-mass index,

and surgical time (Table 1).

Fig. 1 Intraoperative measurements of nerve blood flow. The mea-

surements were performed before and after osteotomy at the point

1 cm distal from the lower border of the inguinal ligament
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Clinical evaluation

Postoperatively, 14 of 19 (74%) patients had sensory dis-

turbance by Semmes–Weinstein monofilament testing at

2 weeks, 8 of 19 (42%) patients at 3 months, and 2 of 19

(11%) patients at 1 year follow-up. The decrease ratios

between patients with and without symptoms over

3 months after surgery were 35.2 ± 16.6 and

19.8 ± 13.1%, respectively (P \ 0.01) (Fig. 3). The blood

flows of both patients who had persistent symptoms over

1 year after surgery had been decreased by more than 50%

during the operation.

Discussion

A disadvantage related to the anterior approach to the hip

for periacetabular osteotomy is a high incidence of lateral

femoral cutaneous nerve dysesthesias. Hussell et al. [5]

reported that the incidence of this complication morbidity

with modified Smith-Petersen approach was approximately

30% of patients.

It has been reported that neural ischemia leads to peri-

neural scar formation which will obstruct the progression

of axonal sprouts, and procedures interfering with intra-

neural blood flow can be expected to induce disturbances

of nerve function [13]. Neural ischemia during surgery is

thought to be induced by traction and compression to the

nerve. When tension is applied to a nerve, both the

extrinsic and the intrinsic vascular supplies are affected. In

a basic study, Ogata et al. [9] demonstrated that the average

stretching of more than 15.7% caused complete arrest of

blood flow in the stretching nerve. Also, they reported that

complete standstill of intraneural circulation was observed

under compression of 50–70 mm Hg or 60–80% of mean

arterial pressure. Excessive traction or direct compression

to the nerve can lead to nerve blood flow reduction and

induce disturbances of nerve function.

In our clinical study, nerve blood flow was decreased by

a mean of 27% during surgery. The decrease ratio of

patients with persistent symptoms over 3 months after

surgery was higher than that of patients without symptoms

or with symptoms that disappeared in the early period. The

blood flows of both patients who had persistent symptoms

over 1 year after surgery had been decreased by more than

50% during the operation.

Many anatomical variations of the LFCN have been well

known [1, 10]. Matthew reported that the distance along

the inguinal ligament from anterior superior iliac spine to

where the nerve crossed was approximately 36 mm (range,

6–73 mm) [7]. In the Smith-Petersen approach, the LFCN

is retracted to the medial side with the sartorius muscle

during the procedure. If this nerve runs more laterally, the

forces applied to the nerve by retractors are higher. In the

current study, a correlation did not reveal significant

associations of decrease ratio with body-mass index and

surgical time. Anatomical variations of the LFCN may be

one of the factors that cause the reduction of nerve blood

flow during surgery.

We note several limitations to our study. First, it

involved only a small number of hips (19). Second, the

Fig. 2 Comparison of nerve blood flow before and after osteotomy.

The nerve blood flow was decreased to 2.4 ± 0.9 from 3.3 ± 0.87 ml

min-1 100 g-1 when compared with that before osteotomy

(P \ 0.01)

Table 1 Results of regression analysis

SRC P value

Age 0.02 0.95

Body-mass index 0.28 0.27

Surgical time 0.13 0.61

SRC Standardized regression coefficients

Fig. 3 Comparison of decrease ratio between patients with and

without symptoms over 3 months. The decrease ratio of patients with

symptoms over 3 months after surgery was significantly higher than

that of patients without symptoms (P \ 0.01)
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LFCN is a relatively thin nerve. Therefore, this may hinder

reliable and reproducible measurements of nerve blood

flow. In this study, patients whose nerve was thinner than

probe size at a measurement region were excluded. Finally,

this study could not evaluate the relationship between

anatomical variations of the LFCN and nerve blood flow.

In future studies, an evaluation of the relationship between

anatomical variations and change in blood flow is required.

In conclusion, the blood flow of the lateral femoral

cutaneous nerve in the Smith-Petersen approach was sig-

nificantly decreased during operation. The reduction of this

nerve circulation can cause persistent symptoms after sur-

gery using the Smith-Petersen approach even if direct

trauma to the nerve is avoided. Excessive traction or direct

compression to the nerve by retractors is thought to be the

main factor of blood flow reduction.
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