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A great portion of femoral shaft fractures require 
surgical intervention; these fractures are treated with 
intramedullary nailing (IMN) mostly and in the 
past 25 years, intramedullary fixation of femoral 
shaft fractures has gained widespread acceptance as 
the surgical techniques and implants have steadily 
improved.[1]

Piriform fossa and greater trochanter tip have been 
described as entry points for the antegrade femoral 
nailing. With piriform fossa option, the entry axis is 
aligned with the femoral shaft, which is the advantage 
of the technique. For disadvantages; this technique 
threatens the integrity of femoral circumflex artery 
and superior gluteal nerve, there is need for dissection 
of abductor and external rotary muscles, there is an 
increased risk of iatrogenic femoral neck fractures 
and finally there are difficulties encountered during 
the approach and placement of guide wire due to 
position.[2] On the other hand, greater trochanter 
entry option excels with the ease it brings to the 
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technique particularly in the obese patients, allowing 
lower complication risks, and less threat to abductor 
muscles, medial circumflex femoral artery and the 
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capsule.[3,4] Furthermore, antegrade method brings 
along some problems such as postoperative proximal 
hip pain, trochanteric fracture and heterotopic 
ossifications, loss of abduction strength and varus 
alignment deformity.[5,6]

Balance is a vital component for performing many 
activities of daily life. It has been shown that impaired 
balance develops a predisposition to lower limb injury, 
risk of falls and asymmetry in lower limb muscle 
strength.[7,8] Most current studies in the literature are 
focused on abductor muscle strength and assessments 
of functional status only performed by questionnaires. 
There are a few data that evaluate dynamic hip 
abductor weakness during gait, particularly gluteus 
medius (GMed) muscle activity.[9]

Therefore, in this study, we aimed to assess the 
functional outcomes, static-dynamic postural stability 
of patients and evaluate electromyographic activity 
of GMed muscle during gait and spatiotemporal 
parameters of gait in patients after antegrade IMN of 
femoral shaft fractures with trochanter tip entry.

PATIENTS AND METHODS

A retrospective review of the orthopedics and 
traumatology department database of Gazi University 
Faculty of Medicine was conducted to identify the 
patients who sustained an isolated femoral shaft 
fracture. Sixteen subjects (15 males, 1 female; mean 
age 34.8±15.2 years; range, 18 to 58 years) with body 
mass index (BMI) of 23.4±5.0 kg who underwent 
isolated femoral shaft fracture surgery with expert 
lateral femoral nail between January 2009 and July 
2013 (DePuy Synthes; Raynham, Massachusetts, USA) 
and eight extremities of healthy male controls (mean 
age 39.3±9.8 years; range, 27 to 57 years) according 
to dominance ratio of study group with BMI of 
26.2±5.0 kg participated in the study. Five participants’ 
operated side was the dominant side and eleven 
participants’ operated side was the non-dominant 
side. Patients were not included if the fracture 
was open, pathological or if there were associated 
musculoskeletal injuries or multiple system injuries 
and also if they had previous lower extremity surgery. 
All participants were invited to the orthopedics 
and traumatology clinic walking analysis unit and 
evaluated simultaneously by physiotherapists and 
orthopedic surgeons. The study protocol was approved 
by the Gazi University Faculty of Medicine Ethics 
Committee (Date: 23 June 2014, Decision No: 332). A 
written informed consent was obtained from each 
participant. The study was conducted in accordance 
with the principles of the Declaration of Helsinki.

Mean follow-up time of patients was 21 months 
(range, 12 to 60 months). In both extremities, limb 
length was evaluated clinically and radiologically by 
measuring the distance from anterior superior iliac 
spine to medial malleolus. All measurements were 
performed three times and the mean of the three 
values was presented.

Hip flexors, abductors, external and internal 
rotators’ strength were assessed with the use of 
a Lafayette Manual Muscle Tester (Lafayette 
Instruments; Lafayette, Indiana, USA). Particularly 
the GMed strength was evaluated by placing the 
subject in side-lying and having him/her abduct 
and slightly extend the hip while keeping the pelvis 
rotated slightly forward. Resistance was applied 
at the ankle.[10] All other assessments of hip were 
consistent with those described by Hislop and 
Montgomery.[11] As a functional measure of GMed 
strength, the Trendelenburg sign was evaluated. 
Participants stood with the physiotherapist behind 
them, observing the iliac crests visually and with 
palpation, and were said to lift one foot off the ground 
by flexing the hip.

A wireless electromyography (EMG) BTS 
FreeEMG 300 measurement system (BTS, Inc., Milan, 
Italy) was used to measure electromyographic 
activity of GMed muscle during walking. Bipolar 
adhesive surface electrodes (Noraxon Dual 
Electrodes, Ag-AgCl, spacing 2.0 cm, Noraxon USA, 
Inc, Scottsdale, AZ, USA) were placed over GMed 
muscle. Data were collected by placing electrodes 
as described by Dondelinger over GMed; the GMed 
electrode was placed parallel to the muscle fibers 
over the proximal third of the distance between 
the iliac crest and greater trochanter. To reduce 
the resistance of the skin to the electromyographic 
signal, each subject (when appropriate) had the 
area shaved of hair with a disposable razor, and 
then skin was cleaned with an alcohol swab. To 
observe the maximum isometric contraction for 
each muscle, the participants were placed into the 
muscle strength test position and their maximum 
contraction during tester-induced resistance 
was recorded.[12] Maximum voluntary isometric 
contraction (MVIC) for each subject was established 
by measuring the average peak EMG activity over 
three trials of a resisted isometric contraction, 
as a measure of each muscle’s maximal strength. 
In addition, the percentage of MVIC for GMed 
was collected during three repetitions of walking. 
The highest percentage of MVIC of GMed was 
used to establish the average values for statistical 
analysis. The sampling frequency was 1,000 Hz. 
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The measured raw data were band-pass filtered at a 
bandwidth of 20-500 Hz.[13,14]

Spatiotemporal parameters of gait were assessed 
using a validated wireless inertial sensing device 
(GSensor1, BTS Bioengineering S.p.A., Milan, Italy) 
that was attached to the subject’s waist using a semi-
elastic belt, covering the L4-L5 intervertebral space, 
so as to obtain the acceleration values for the three 
anatomical axes, anteroposterior (AP), mediolateral 
(ML) and vertical. During the measurement, patients 
stood comfortably with their upper limbs along the 
trunk. Each patient then walked at a moderate speed 
(natural speed; walking speed was about 1 m/sec) for 
a distance of 10 meters, without shoes, starting each 
time with the dominant leg. Temporal and spatial 
parameters: stance, swing and double stance phase 
in percent of gait cycle; step length, step width (in 
centimeters); cadence (steps per minute) and pelvic 
movements which were collected during the test 
were processed using software (BTS G-Walk1, Milan, 
Italy).[15,16]

Static postural stability and fall risk were 
evaluated by the Biodex Balance System (Biodex 
Medical Systems Inc., New York, USA). The Postural 
Stability Test emphasizes a patient’s ability to 
maintain center of balance. Tests were performed 
while each patient stood on legs, right and left 
side separately, for 20 seconds with the platform 
in its most stable position. Three trial repetitions 
were performed in static position and the patient’s 
performance was noted as a stability index.

It performed in three directions (overall AP 
and ML). Low values of overall stability index, 
anteroposterior stability index, and mediolateral 
stability index define a higher balance level. For fall-
risk assessment, the Modified Clinical Test of Sensory 
Interaction on Balance test protocol was used which 
includes four conditions. All subjects were tested by a 
physiotherapist and asked to stand for 30 seconds in 
each condition. As a result of this assessment, stability 
index and sway index were measured.[17]

The Star Excursion Balance Test is a clinical test 
designed to detect dynamic balance deficits associated 
with lower extremity pathology. It is a functional 
test that requires strength, flexibility, neuromuscular 
control, balance, stability, and range of motion. 
According to Plisky et al.’s study,[18] we chose three 
directions (anterior, posteromedial and posterolateral). 
Patients performed three practices in each direction 
on each limb. Between trials, 5 seconds were given to 
patients as a rest time. The physiotherapist marked 
the point that a subject touched along the line and 

then manually measured the distance in centimeters 
from the center of the grid to the touch point with a 
tape measure. Reach distances were then normalized 
to participants’ leg length, which was measured from 
the anterior superior iliac spine to the distal tip of the 
medial malleolus.[18,19]

One-leg hop for distance test was used as 
functional assessment. The subject began the hop for 
distance standing on one leg and jumped forward as 
far as possible. The subject was expected to perform 
a controlled landing. The test was performed three 
times for each leg. The distance in centimeters was 
measured.[20,21]

For functional evaluations, Lower Extremity 
Functional scale (LEFS) and Hip Disability and 
Osteoarthritis Outcome Score (HOOS) were used. 
These self-administrated health status questionnaires 
intended to assess the overall functional status 
of the patients. Both questionnaires have Turkish 
versions.[22,23] Also, patients were evaluated with the 
Short Form 36 (SF-36) which is a generic measure 
of health status that is applicable to all patient 
populations to assess patients’ quality of life.

Statistical analysis

All data were analyzed using the IBM SPSS, 
version 20.0 software (IBM Corp., Armonk, NY, 
USA). The variables were investigated using visual 
(histograms, probability plots) and analytical 
methods (Kolmogorov-Smirnov/Shapiro-Wilks test) 
to determine whether or not they were normally 
distributed. Demographic data of femur shaft fracture 
patients and controls were compared with Mann-
Whitney U test and expressed in 95% confidence 
interval. There was no statistical difference between 
dominant and non-dominant sides in terms of all 
the evaluated parameters, so only non-dominant 
sides of the controls were used for analysis. Since 
data of measurement outcomes were not normally 
distributed, data of patients and healthy control group 
and also patients’ both extremities were compared 
with Mann-Whitney U test and expressed in median 
and interquartile range (IQR). Statistical significance 
was set at p<0.05.

RESULTS

The demographic and clinical characteristics of the 
study population were shown in Table I. Ten from 
16 patients reported activity pain. The average severity 
of pain was reported as mild (median: 2.5-IQR: 0-5 on 
the visual analog scale). Despite the pain, all patients 
were able to return to their usual work.
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The difference in length between extremities was 
found to be about 0.5 (IQR (0-1) cm and no significant 
difference was found compared to controls (p>0.05). 
There were no significant differences in GMed MVIC 
and MVIC% values between operated and intact sides 

and also between groups (p>0.05) (Table II). There 
were significant differences in hip internal rotator 
(p=0.015) and external rotator (p=0.029) muscles’ 
strength between operated and intact sides. However, 
no significant differences were found in hip flexor 

TAbLE III
Comparison of strength of hip muscles and spatiotemporal gait parameters between operated side and intact sides; 

operated side and control group

A
Operated side

B
Intact side

C
Control group

Median IQR Median IQR pA-B Median IQR pA-C

Hip flexor 209 175-235 224 205-246 0.305 295 292-329 <0.001*

Hip abductor 225 165-266 240 203-321 0.196 347 336-383 <0.001*

Hip internal rotator 105 77-121 121 109-162 0.015* 178 156-186 <0.001*

Hip external rotator 105 82-134 130 115-145 0.029* 168 162-175 <0.001*

Quadriceps femoris 105 167-221 202 178-252 0.210 297 229-369 0.005*

Step length 49.30 47.3-50.9 50.7 49.1-52.7 0.071 49.45 48.95-50.2 0.548

Stance duration 60.1 57.5-62.5 60.7 59.6-62.9 0.503 61.15 59.7-62.7 0.548

Swing duration 39.9 37.5-42.5 39.3 37.1-40.4 0.484 38.85 37.3-40.3 0.238

Pelvic anteroposterior 2.9 2.2-3.9 3.3 2.1-4.4 0.214 3.05 2.5-4 0.945

Pelvic mediolateral 3.6 2.5-6.3 4.4 3-5.7 0.051 5.6 5-7 0.115

Pelvic rotation 8.4 5.3-10.4 8.5 6.3-9.8 0.113 9.85 7.9-11.1 0.169

IQR: Interquartile range; * p<0.05; pA-B: Mann-Whitney U test between operated and intact sides; pA-C: Mann-Whitney U test between operated side and control 
group.

TAbLE II
Comparison of MVIC and % MVIC of gluteus medius values between operated and intact sides; operated side and control group

A
Operated side

B
Intact side

C
Control group

Median IQR Median IQR pA-B Median IQR pA-C

Gluteus medius (MVIC) 19.96 19.71-20.42 20.40 19.47-20.67 0.285 20.38 19.86-20.71 0.288

Gluteus medius MVIC% during 

walking

0.67 0.43-0.84 0.88 0.62-1.97 0.137 0.63 0.51-0.81 0.880

MVIC: Maximum voluntary isometric contraction; IQR: Interquartile range; pA-B: Mann-Whitney U test between operated and intact sides; pA-C: Mann-Whitney U test 
between operated side and control group.

TAbLE I
Demographic and clinical characteristics of study population

Study group Control group

n Mean±SD n Mean±SD

Age (year) 34.8±15.2 39.3±9.8

Body mass index (kg/m2) 23.4±5.0 26.2±5.0

Operated side

Right

Left

6

10

-

Postoperative (month) 21.7±17.6 -

Weight transfer time (month) 48.3±55.1 -

SD: Standard deviation.
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(p=0.305), hip abductor (p=0.196) and knee extensor 
(p=0.210) muscles’ strength between operated and 
intact sides (Table III).

There were significant differences in hip flexor 
(p<0.01), abductor (p<0.01), internal rotator (p<0.01), 
external rotator (p<0.01) and knee extensor (p=0.005) 
muscles’ strength between the study and control 
groups. No significant differences were determined 
in spatiotemporal gait parameters and pelvic motions 
between operated and intact sides and also between 
groups (p>0.05) (Table III). None of the patients 
demonstrated Trendelenburg sign.

Scores for the SF-36 physical component was 
median: 46.95 (IQR: 40.95-53.45) in the study group 
and median: 54.4 (IQR: 52.9-58.7) in the control group. 
The difference between groups was statistically 
significant (p=0.039).

There were significant differences in functional 
and dynamic balance test scores between operated 
and intact sides (one-leg hop test score p=0.009, 
Star Excursion Balance Test scores anterior 
direction p=0.008, posteromedial direction p<0.001, 

posterolateral direction p=0.033). There were no 
significant differences in statics postural stability 
scores (one-leg scores overall p=0.510, anteroposterior 
p=0.375, mediolateral p=0.389) between operated 
and intact sides (Table IV). There were significant 
differences in functional and quality of life physical 
function test scores between groups (one-leg hop test 
score p=0.014, HOOS p=0.004, LEFS score p=0.003). 
However, no significant differences were found in 
dynamics balance and statics postural stability test 
scores between groups (p>0.05) (Table V).

DISCUSSION

In the current study, statistically significant 
differences were found in hip abductor muscle 
strength, dynamic balance and functional 
performance scores compared to the healthy 
contralateral side of patients, after a mean follow-up 
of 21 months. Compared to the control group, we 
observed significant differences only in hip abductor 
muscle strength, performance and questionnaire 
results.

When attempting to determine muscle strength 
using Lafayette muscle dynamometer in the 
current study, compared to uninjured leg, only hip 
internal and external rotator muscles’ strength were 
significantly decreased. However, compared with the 
normal controls, the statistically significant findings 
were slight weakness of hip abductors, hip flexors, 
and hip internal and external rotators in the injured 
limbs. That result could be interpreted as the patients’ 
avoidance of using the operated limb and overall 
limiting their own activity, rather than surgery or 
causes related to the initial trauma.

TAbLE IV
Comparison of outcome measures between operated and intact sides; operated side and control group

A
Operated side

B
Intact side

C
Control group

Mean±SD Mean±SD pA-B Mean±SD pA-C

Hip abductor 267.2±90.9 302.4±98.1 0.009* 359.0±29.7 0.001*

One-leg hop test 109.1±33.5 125.8±24.3 0.009* 133.2±17.0 0.014*

SEBT anterior 77.4±18.3 88.0±10.6 0.008* 80.6±9.0 0.834

SEBT posteromedial 122.8±18.7 82.7±10.8 <0.001* 126.7±12.9 0.579

SEBT posterolateral 75.5±15.4 79.3±14.2 0.033* 76.0±18.4 0.769

Overall index 0.9±0.8 1.0±0.8 0.510 0.7±0.3 0.837

Anteroposterior index 0.7±0.8 0.7±0.7 0.375 0.5±0.1 0.945

Mediolateral index 0.4±0.2 0.5±0.4 0.389 0.4±0.3 0.680

SD: Standard deviation; SEBT: Star Excursion Balance test; * p<0.05; pA-B: Mann-Whitney U test between operated and intact sides; pA-C: Mann-
Whitney U test between operated side and control group.

TAbLE V
Comparison of functional outcome measures between study 

and control groups

Study group Control group

Mean±SD Mean±SD p

HOOS 22.8±19.4 25.0±4.6 0.004*

LEFS 61.0±13.7 75.8±6.1 0.003*

SD: Standard deviation; HOOS: Hip disability and Osteoarthritis Outcome 
Score; LEFS: Lower Extremity Functional scale; * p<0.05.
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In the current study, according to the Star 
Excursion Balance Test which evaluates dynamic 
balance, statistically significant disparity was 
observed on all three planes (anterior, posteromedial 
and posterolateral) between the operated side and 
the healthy controlateral side. It was also previously 
reported that there were functional differences 
between the extremities after tibia fracture.[24] 

Still, when the static postural stability scoring was 
evaluated, no statistically significant disparity was 
found on either anteroposterior or mediolateral 
swings, between sides. However, compared with 
the control group, no significant difference was 
observed on dynamic balance and static postural 
stability results. In light of these studies, it may 
be concluded that with the trochanteric tip entry 
nail technique, dynamic balance was affected by 
abductor function impairment at the second year 
postoperatively. Nevertheless, no difference was 
observed on the test scores compared with the 
control group. The difference between the affected 
limb and the unaffected limb could have resulted 
from excessive use of intact side in the post-traumatic 
period increasing the stability of the intact side. 
However, balance functions could approach normal 
within two years after the operation.

Controversial outcomes have been reported 
about functional results after femoral shaft 
fracture. Successful results have been reported 
more frequently in non-comparative studies,[25,26] 
while other studies have reported functional losses. 
It was stated that quadriceps muscle strength and 
functional status of patients decreased after femoral 
fractures in both adult and underage populations 
like in the present study.[27,28] In one-leg hop test, 
a significant drop was observed in functional 
performance of patients who underwent antegrade 
nailing procedure with greater trochanter entry 
after a femoral shaft fracture. Lower Extremity 
Functional scale and HOOS questionnaires were 
used and the results, compared with the control 
group, were found to be lower, consistent with 
functional test results. Low functional scores seen in 
patients might be associated with GMed weakness or 
patients’ inability to trust their operated extremity.

Abductor weakness was identified in the antegrade 
nail treatment group and attributed to the hip 
abductor muscle and gluteal nerve damage occurring 
during the operation.[9] Decreased muscular strength 
of hip abduction is possibly triggered by damage of 
GMed insertion side on the greater trochanter with 
the use of the trochanter tip as an entry point for 
the nail insertion, as it was used in our study.[29] In 

a meta-analysis study, femoral nails with piriformis 
fossa entry and nails with trochanter major entry 
were compared and it was reported that nails with 
trochanter major entry had better functional results. 
However, in this study, the functional evaluation 
was performed using only Harris hip scores and the 
patients with trochanter major entry nails were not 
compared with unaffected limbs or healthy adults.[30] 
In our study, functional results were evaluated by 
both scales and also with measurable, repeatable and 
continuous variables, and functional results were 
interpreted by comparison with healthy adults.

In a study about femoral nails, when the GMed 
was evaluated with static EMG, muscle damage 
was detected in eight of 19 patients.[31] However, no 
difference was found in MVIC values in both static 
EMG (on table) and dynamic EMG (during walking) 
in present study. In addition, gait analysis did not 
demonstrate any significant changes in step length, 
stance and swing durations, pelvic motions, and also it 
failed to detect any abnormalities in our study group. 
According to these results, it could be concluded that, 
contrary to what was expected, the GMed muscle did 
not suffer any damage and limited abduction motion 
due to postoperative pain and the incision was the 
reason for the muscle strength deficiency. In addition, 
deficient strength has been shown on the muscles 
of the hip when investigated with manual muscle 
strength, though no difference was observed neither 
in electromyographic evaluations nor gait parameters. 
That kind of result might be seen owing to the muscle 
strength evaluation being performed with a manual 
muscle test device.

To the best of our knowledge, this was the 
first study documenting GMed electromyographic 
activity during walking and gait analysis of patients 
undergoing antegrade femoral nailing of isolated 
femoral shaft fractures with trochanter tip entry. 
The main limitations of the present study were 
its retrospective nature and the limited sample 
size. However, the strengths of this study were 
the development of a protocol for the appropriate 
measurement of excessively various outcomes which 
include balance assessment, electromyographic 
evaluations and gait analysis. There were two other 
limitations of the study design. Firstly, all surgeons 
acted in accordance with the surgical guidelines of 
implant; however, the surgeries were not performed 
by the same surgeon. Secondly, despite the fact that 
the dominant side information of the patients was 
given and a similar group was formed according to 
the ratio of the dominant side of the study group while 
forming the control group, there was no regression 



Jt Dis Relat Surg318

analysis related to the dominant side data between 
control and study groups.

In conclusion, in patients who underwent antegrade 
nailing with greater trochanter entry technique after 
femoral shaft fractures, while the static balance is 
unaffected, hip abductor muscle strength, dynamic 
balance and functional performance were decreased 
while GMed MVIC values and gait parameters were 
similar with controls. This might well be owed to 
the surgery technique, though it also could be due 
to the patients’ being unable to use the affected 
part effectively because of pain-related fear. Our 
study results provided preliminary information for 
forthcoming prospective, randomized clinical trials 
with larger sample sizes.
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