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Traumatic brachial plexus palsy (TBPP) is a 
devastating injury that significantly affects the upper 
extremity functions and results in serious disability. 
Surgical reconstruction is closely related to the 
severity of the injury and the time elapsed after the 
trauma. Microneural and/or free functional muscle 
transfer reconstruction can be performed in patients 
admitted in the early period.[1-3] Tendon transfers, 
pedicle or free muscle transfers are the treatment 
options in patients with delayed TBPP and reserved 
for cases where nerve repair or reconstruction 
fails.[1,4] Doi et al.[5] reported successful results using 
free muscle transfer to restore limb functions in 
TBPP patients in 1991. The same team defined double 
free muscle transfer in 1995.[6]

Objectives: The aim of this study was to evaluate the functional 
outcomes of patients with free gracilis muscle transfer (FGMT) for 
the restoration of elbow flexion.
Patients and methods: Between January 2012 and January 2019, 
a total of 16 patients (13 males, 3 females; mean age: 27.3±11.7 
years; range: 18 to 53 years) who underwent FGMF to achieve 
elbow flexion after traumatic brachial plexus palsy (TBPP) were 
retrospectively analyzed. Data including demographic and clinical 
characteristics of the patients, etiology, affected side, injury level, 
accompanying injuries, time between injury and surgery, follow-up 
time, complications, whether nerve reconstruction and artery repair 
were performed previously, and details of the procedure were 
recorded. The outcome measures were elbow range of motion in 
degrees, muscle strength, and Disabilities of the Arm, Shoulder and 
Hand (DASH) and Short Form-36 (SF-36) scores.
Results: The mean follow-up was 30±11.5 (range, 24 to 42) months. 
Two patients had C5-C8 injuries, two patients had C6-T1 injuries, 
and all other patients had injuries to the C5-T1 roots. Muscle strength 
was M3/M4 in 11 (68.8%) patients, M2 in two (12.5%) patients, and 
M0 in one (6.2%) patient. The median active range of motion of the 
elbow joint in patients with successful results (M3 and above) was 
measured as 75 (range, 30 to 100) degrees. A statistically significant 
improvement was observed in the pre- and postoperative DASH 
scores and in some SF-36 subscale scores of patients with successful 
results.
Conclusion: Free gracilis muscle flap is a reliable option in the 
restoration of elbow flexion in patients with TBPP. Although there is 
an improvement in functional results, disability, and quality of life, 
there may be no change in patients’ mental status and pain.
Keywords: Brachial plexus paralysis, elbow flexion, free muscle transfer, 
neurotization.
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Elbow flexion is the most important function 
that needs to be restored in TBPP patients.[7] For 
free functional muscle transfer, gracilis, rectus 
femoris, and latissimus dorsi muscles are preferred 
as the muscle donors. The latissimus dorsi and 

Citation: Armangil M, Ünsal SŞ, Yıldırım T, Bezirgan U, Keremov 
A, Adıyaman S, et al. Outcome of free gracilis muscle transfer 
for the restoration of elbow flexion in traumatic brachial plexus 
palsy. Jt Dis Relat Surg 2021;32(3):633-641.

This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial License, which permits use, 
distribution and reproduction in any medium, provided the original 
work is properly cited and is not used for commercial purposes 
(http://creativecommons.org/licenses/by-nc/4.0/).

©2021 All right reserved by the Turkish Joint Diseases Foundation

https://orcid.org/0000-0003-0433-0253
https://orcid.org/0000-0002-2092-3422
https://orcid.org/0000-0002-2316-0766
https://orcid.org/%200000-0001-9053-8637
https://orcid.org/%200000-0001-7300-8044
https://orcid.org/%200000-0001-5136-3723
https://orcid.org/%200000-0001-6341-8162


Jt Dis Relat Surg634

rectus femoris muscles do not have sufficient 
excursion and pedicle length such as the gracilis 
muscle. The latissimus dorsi lacks the distal 
tendinous portion for good repair of the biceps 
tendon stump.[6-8] Currently, free gracilis muscle flap 
(FGMF) is frequently used for restoration of elbow 
function owing to its thin muscle body, sufficient 
strength and excursion, sufficient length, and easily 
obtainable neurovascular pedicle.[9]

In the present study, we aimed to evaluate the 
functional outcomes of patients with free gracilis 
muscle transfer for the restoration of elbow flexion.

PATIENTS AND METHODS

This single-center, retrospective study was 
conducted at Ankara University Faculty of 
Medicine, Department of Hand Surgery between 
January 2012 and January 2019. Patients over 
18 years of age who had a follow-up for at least 
12 months postoperatively and had complete data 
were included in the study. Patients who had loss 
of range of motion due to elbow trauma, who 
were under 18 years of age, who had a follow-up 
period of less than 12 months, and who underwent 
additional surgical procedures such as Steindler 
flexorplasty to increase elbow flexion were excluded 
from the study. Finally, a total of 16 patients 
(13 males, 3 females; mean age: 27.3±11.7 years; 
range: 18 to 53 years) who underwent FGMF were 
included. A written informed consent was obtained 
from each patient. The study protocol was approved 
by the Ankara University Faculty of Medicine 
Ethics Committee (Date/no. 17.06.2020/I5-309-20). 
The study was conducted in accordance with the 
principles of the Declaration of Helsinki. The 
electronic patient documentation system was 
used to identify patient demographics, etiology, 
affected side, injury level, accompanying injuries, 
time between injury and surgery, follow-up time, 
complications, and whether nerve reconstruction 

and artery repair were performed previously. 
Furthermore, details of the procedure, including 
the origin and insertion of the FGMF, the preferred 
donor nerve, and need for a nerve graft, were also 
determined.

The outcome measures were elbow range of 
motion in degrees, muscle strength, and Disabilities 
of the Arm, Shoulder and Hand (DASH) and 
Short Form-36 (SF-36) scores. The active range of 
elbow motion was measured using a standard 
goniometer with the patient in the upright position. 
Postoperative muscle strength of the patients was 
evaluated according to the Modified British Medical 
Research Council (mMRC) questionnaire. Patients 
with at least M3 muscle strength were considered 
to have a successful result. The Turkish versions of 
the DASH and SF-36 questionnaires were used to 
evaluate the functional status and quality of life of 
the patients before and after surgery. The pre- and 
postoperative scores were calculated and recorded 
by orthopedic surgery residents.

Surgical technique

Surgery was performed under general anesthesia 
and in the supine position. Two surgical teams 
performed the operation simultaneously. While one 
team harvested the free gracilis flap, the other team 
prepared the donor site and explored the donor artery, 
vein, and nerve.

A line was drawn slightly inferior to the adductor 
longus going to the medial femoral condyle while the 
hip was in a slightly flexed and externally rotated 
position. A 6¥10 cm diameter elliptical skin island 
containing the adductor longus fascia for the more 
reliable skin pedicle was drawn along this line on the 
proximal third of the thigh. The pedicle was located 
between the cleavage of the gracilis muscle and 
the adductor longus muscle proximally. The pedicle 
should be dissected proximally as much as possible. 
To ensure the gracilis muscle was placed in the arm at 

(a) (b) (c)

FIGURE 1. (a) Surgical design of the donor site before operation. (b) Neurovascular pedicle of gracilis muscle. (c) The gracilis was 
dissected from the thigh and tag sutures were placed 5 cm apart from each other.
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the proper tension, tag sutures were placed 5 cm apart 
from each other, when the muscle was in the longest 
position (Figure 1). The origin of the gracilis muscle 
was dissected proximally until its ischial attachment, 
including the tendinous part. A longitudinal incision 
was made over the attachment of the pes anserinus on 
the proximal anteromedial tibia to separate insertion. 
To keep the ischemia time short, the flap’s vascular 
pedicle and nerve were divided, when the recipient 
side was ready for flap inset.

A deltopectoral incision was made at the 
recipient side, and the cephalic vein was found and 
protected. The pectoralis minor muscle was divided 
after placing a tag suture at the site of insertion to 
the coracoid process. The axillary artery and its 
branch thoracoacromial trunk were, then, explored. 
In our routine practice, we typically use the venae 
comitantes of the thoracoacromial artery as the donor 
vein, followed by the cephalic vein. We usually prefer 
the spinal accessory nerve (SAN) as the donor nerve. 
We prefer the medial pectoral nerve, the phrenic 
nerve, or intercostal nerves in patients whose SAN is 
not available.

The gracilis was attached to the acromion or 
lateral aspect of the clavicle proximally, allowing 
coaptation of the anastomosis of the vascular pedicle 
and the transfer of the nerve. The gracilis muscle was, 
then, placed subcutaneously in the anterior aspect 
of the arm and sutured to the biceps tendon distally. 

The extensor digitorum communis tendons or flexor 
digitorum profundus tendons were preferred as 
insertion in patients in whom finger movement was 
desired in addition to elbow flexion (Figure 2). The 
appropriate tension of the muscle was adjusted with 
the help of tag sutures previously placed at 5 cm 
intervals. After adjusting the tension of the muscle, 
vascular anastomoses and nerve transfer were 
completed. Patients were immobilized in a long arm 
splint with the elbows in 1,000 of flexion to decrease 
the tension at the tendon attachment sites. Additional 
Velpeau™ (Shenzhen Weprotex Technology Product 
Co., Ltd., Guangzhou, China) bandages were used to 
secure the arm.

Postoperative period

Flap circulation was monitored every hour for 
the first 24 h by checking capillary filling, color, 
and temperature of the skin island. Postoperatively, 
low-molecular-weight heparin and acetylsalicylate 
were administered. The flap examination was, 
then, performed every 2 h for the subsequent 
48 h. Meanwhile, hypothermia and hypovolemia 
were avoided and hemoglobin levels were kept 
above 10 mg/dL. All patients were observed for at 
least a week.

A long arm splint and Velpeau™ bandage was used 
for six weeks. At the end of this period, the patients 
were referred to the physiotherapy department, and 
passive range of motion exercises were initiated. 

FIGURE 2. (a) Surgical design of the recipient site before operation. (b) The axillary artery and its branch thoracoacromial trunk 
were explored. (c, d) Preparation of lateral aspect of the clavicle proximally for the gracilis muscle was attached. (e, f) Gracilis 
muscle transferred to the arm. Proximal attachment was made onto the proximal clavicula. An end-to-end anastomosis of the 
vascular pedicle onto the thoracoacromial trunk was performed. The gracilis nerve was reinnervated with the spinal accessory 
nerve.

(a)

(d) (e) (f)

(b) (c)
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The patients with SAN transfer were instructed to 
practice shoulder shrugs by pulling their shoulder 
backwards. A patient with intercostal nerve transfer 
was advised to perform deep breathing exercises. If 
contraction in the gracilis muscle was detected during 
the examinations or if reinnervation findings were 
detected in the electromyography (EMG), the patient 

was started with active range of motion exercises by 
eliminating gravity.

Statistical analysis

Statistical analysis was performed using the IBM 
SPSS version 23.0 software (IBM Corp., Armonk, 
NY, USA). Continuous data were expressed in 

FIGURE 3. (a) A 20-year-old, motorcycle accident, TBPP. FGMF was reinnervated with spinal accessory nerve. He had M3+ elbow 
flexion at the final follow-up (at Month 16). (b) A 51-year-old, work accident, TBPP. He had M3+ elbow flexion at the final follow-up 
(Month 30).
TBPP: Traumatic brachial plexus palsy; FGMF: Free gracilis muscle flap.

(a)

(b)
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mean ± standard deviation (SD), median (min-max), 
while categorical variables were expressed in number 
and frequency. The Shapiro-Wilk test was used to 
assess the data distribution. The Wilcoxon signed-rank 
test and the paired sample t-test were used to analyze 
and compare pre- and postoperative values of the 
patients. Differences between with and without 
arterial injury and repair and previous direct nerve 
surgery were compared either using the independent 
samples t-test or the Mann-Whitney test. A p value of 
<0.05 was considered statistically significant.

RESULTS

The mean follow-up was 30±11.5 (range, 24 to 42) 
months. The flap loss occurred in two (12.5%) patients 
in the early postoperative period due to vascular 
problems. Two (12.5%) patients had C5-C8 injuries, 
two (12.5%) patients had C6-T1 injuries, and all 
other patients had injuries to the C5-T1 roots. The 
median delay from injury to free muscle transfer 
was 18 (range, 4 to 96) months. Seven patients had a 
motorcycle accident, five patients had motor vehicle 
accident, one (6%) patient had a pedestrian accident, 
two (12.5%) patients had a work accident, and one 
(6%) patient had a bicycle accident. The SAN was used 
as the donor nerve in 12 (75%) patients, the medial 
pectoral nerve in two (12.5%) patients, the phrenic 
nerve in one (6%) patient, and the intercostal nerves 
(fourth, fifth, and sixth nerves) in one (6%) patient. 
The sensory branches of the intercostal nerve were 

simultaneously transferred to provide median nerve 
sensorial reconstruction. Nerve grafting was used 
in two (12.5%) patients. The EMG is not used as a 
standard tool to evaluate gracilis muscle reinnervation 
in our clinical practice. On physical examination, 
contraction of the gracilis muscle was observed at 
an average of six months. Superficial postoperative 
infection was observed in only two (12.5%) patients 
and these patients were treated with superficial 
debridement and intravenous antibiotics.

Muscle strength was M3/M4 in 11 (68.8%) 
patients, M2 in two (12.5%) patients, and M0 in one 
(6.2%) patient (Figures 3 and 4). The median active 
range of motion of the elbow joint in patients with 
successful results (M3 and above) was measured 
as 75 (range, 30 to 100) degrees. A statistically 
significant improvement was observed in the pre- 
and postoperative DASH scores and in some of 
the SF-36 subscale scores of the patients with 
successful results. Clinical results of the patients 
are summarized in Table I.

Biceps tendon was used as insertion in eight 
(50%) patients, forearm extensor tendons in four 
(25%) patients, and forearm flexor tendons in four 
(25%) patients. There was no statistically significant 
difference between the range of motion and muscle 
strength obtained between the two groups in which 
biceps and forearm muscles were used for insertion 
(p>0.05). In three patients, subclavian artery injury 

FIGURE 4. A 21-year-old, motorcycle accident, C5-C8 injury. FGMF was reinnervated with spinal accessory nerve. He could lift 
1-kg weight at the final follow-up (Month 32).
FGMF: Free gracilis muscle flap.
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was detected. There was no statistically significant 
difference in the postoperative elbow flexion strength 
and range of motion of patients with and without 
arterial injury (p>0.05).

DISCUSSION

Traumatic brachial plexus palsy is usually seen in 
young active men and causes significant lifelong 
disability. The average age of occurrence has been 
reported to be between 21 and 34.3 years,[5,9] and 
motorcycle accidents have been shown to be the 
most common cause in its etiology.[10] Similar to the 
literature, the median age of patients was 23 years 
in our study, and the most common etiological cause 
was motorcycle accidents (n=7, 43.8%, followed by 
other motor vehicle accidents n=5, 31.3%). The patients 
who developed TBPP after a motorcycle accident were 
all males under the age of 30 years. Employment 
and pain management appear to be the primary 
concerns of these young individuals; however, there 
appears to be a disparity between patients’ needs 
and what reconstruction surgery can achieve. In our 
study, although there was an improvement in the 
functional results, disability, and quality of life, there 
may be no change in the patients’ mental status and 
pain.[11,12] Therefore, a comprehensive preoperative 
consultation should be provided, considering the 
patients’ expectations after reconstruction with FGSF.

Recovery of elbow function is the primary goal 
of treatment in patients with TBPP. As hand and 

wrist functions are preserved in patients with upper 
truncus injuries, providing elbow function in these 
patients would ensure that the hand will be able to 
reach to the mouth for feeding and personal hygiene. 
In total brachial plexus injuries, providing elbow 
function would be a support to the uninjured arm.[1] 
Successful results can be obtained with nerve repair, 
grafting, and nerve transfer within the first nine 
months after injury. Free muscle transfer should 
be considered as a treatment option in case of root 
avulsion injury, unsuccessful nerve reconstruction 
surgeries, and complete brachial plexus injury 
accompanied by excessive time after injury.[2,3]

In the literature, rectus femoris, latissimus dorsi, 
and gracilis muscles were used as free muscle flaps 
to restore elbow function after TBPP.[10,13-15] The 
gracilis muscle has a thinner diameter and less force; 
however, the advantages are less donor site morbidity 
compared to other muscles, better excursion, and 
having sufficient length pedicles that can be obtained 
more easily.[6] Terzis and Kostopoulos[16] reported 
that the gracilis muscle was not strong enough for 
elbow flexion, despite sufficient excursion, and that 
more power would be obtained from the latissimus 
dorsi and rectus femoris muscles. However, many 
studies have achieved elbow flexion with M3 + and 
M4 strength with FGMF at rates varying from 68 to 
100%.[10,14,17] It has been reported that the fixation to 
the biceps tendon would not be strong enough due 
to the lack of the tendinous part of the distal of the 
latissimus dorsi, and weakness in knee extension 

TAbLE I
DASH, elbow flexion, and SF-36 scores before and after surgery

Preoperative Postoperative

Outcome measures scores Mean±SD Mean±SD p

DASH* 71.1±4.6 48.5±14.0 0.002

Elbow flexion (slope)* 0 62.9±41.4 0.003

Elbow flexion strength (kg)* 0 1.3±1.0 0.003

SF-36

Physical functioning* 56.1±2.9 67.1±5.5 0.001

Role physical* 0.0±0.0 8.9±12.4 0.025

Role emotional* 7.1±14.1 16.5±17.1 0.066

Vitality* 28.9±4.0 41.8±8.5 0.001

Emotional well-being** 33.1±4.0 43.7±6.6 <0.001

Social functioning* 27.7±5.3 44.3±7.9 0.001

Pain* 52.1±6.1 53.3±6.7 0.347

General health perception* 51.8±4.6 66.8±8.7 0.001

DASH: Disabilities of the Arm, Shoulder and Hand, SF-36: Short Form-36; SD: Standard deviation; 
* Wilcoxon signed-rank test; ** Paired sample t-test.
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strength would occur if the rectus femoris is used.[18] 
Obtaining M3 + muscle strength in 68.8% of our 
cases is compatible with the literature. The median 
muscle strength obtained in patients with successful 
results in this study was 1.5 (range, 0.5 to 2.5) kg. 
Providing elbow flexion strength in patients with 
complete TBPP provides a stable and controlled limb 
that does not remain in swing while walking and 
prevents balance.[19]

Doi[20] described the use of extensor digitorum 
communis tendons as tendon insertions to achieve 
simultaneous elbow flexion and finger extension. 
Some authors preferred the biceps tendon, flexor 
digitorum profundus, extensor digitorum communis 
and extensor pollicis longus as distal insertions.[7,9,10,13] 
Maldonado et al.[17] reported that if the distal insertion 
of the tendon was made to the forearm flexors or 
10 cm-15 cm distal to the elbow joint, 15 to 20% more 
power would be obtained and the active range of 
motion would be greater. Some studies have used 
the biceps tendon as an insertion and have achieved 
high M4 muscle strength.[10,17,21] An aggressive, 
continuous rehabilitation process that lasts for at 
least 18 months is required to achieve the desired 
muscle strength.[20] In our cases, M3+ muscle strength 
was obtained in six patients in whom gracilis muscle 
was inserted to the biceps tendon. Unfortunately, 
functional finger motion could not be achieved in 
cases using forearm muscle insertions, but active 
elbow flexion was achieved in 75% of these cases. We 
attribute the inability to achieve functional finger 
movement to our inadequate implementation of the 
rehabilitation program recommended by Doi et al.,[22] 
which includes early range of motion exercises in the 
early postoperative period.

In FGMF, the ulnar and median nerve fascicles, 
the contralateral C7 root, the SAN, the phrenic 
nerve, the intercostal nerves, and the medial pectoral 
nerve have been used as donor nerves.[10] In a study 
including 38 patients, Chung et al.[14] showed that 
all three patients in whom the musculocutaneous 
nerve was used as the donor nerve and 78% of the 
31 patients in whom the intercostal nerve was used 
achieved M4 muscle strength, but all four patients 
in whom the SAN was used only obtained M2 
muscle strength. Maldonado et al.,[17] Kay et al.[21] 
Barrie et al.,[23] and Estrella and Montales[24] reported 
successful results using both the intercostal nerve 
and the SAN. In their study, Dodakundi et al.[25] used 
only the SAN; 24 of their 36 patients had M4 muscle 
strength and 11 had M3 muscle strength. In another 
study including 42 patients, Yang et al.[26] used the 
SAN (n=40) and phrenic nerves (n=2) and obtained 

M4 muscle strength in 24 patients and ≥M3 muscle 
strength in 15 patients. The SAN, which is a pure 
motor nerve, is easily accessible, and the trapezius 
muscle is not denervated when its most distal part is 
used as the donor nerve.[24] If the intercostal nerve is 
used, a larger surgical dissection is required and the 
surgical time increases. The number of axons in the 
anterior branch of the obturator nerve innervating 
the gracilis muscle was calculated to be 938 in a 
cadaveric study.[27] The average number of axons in 
the SAN is 1,329, the average number of axons in 
the medial pectoral nerve is 1,078, and the average 
number of motor axons in a single intercostal nerve 
is 375. To obtain sufficient innervation, the ratio 
of the axon number of donor and recipient nerves 
should be greater than 0.7.[27,28] Therefore, at least 
two intercostal nerves should be used as donors. In 
our practice, we usually prefer the SAN, as it allows 
end-to-end repair, the need for grafts is minimal, 
and there is no donor site morbidity. However, we 
prefer other donor nerves, if the SAN has been 
used in previous surgeries. In our series, we had 
to use nerve grafts in only two patients. The donor 
nerves used in these patients were the fourth, fifth, 
and sixth intercostal nerves, and the SAN and M3+ 
muscle strength was obtained in both patients. 
Although it is recommended not to use nerve grafts, 
successful results can be still obtained.

The anterior circumflex, profunda brachii, 
brachial, axillary, thoracoacromial, and 
thoracodorsal arteries have been preferred as donor 
arteries.[10,13,14,17,21,23-25] Satbhai et al.[29] found that the 
subclavian artery was injured and distal circulation 
was provided by collateral circulation in four (8%) 
patients in preoperative computed tomography 
angiography (CTA) for whom they planned double 
free muscle transfer. They used the thoracoacromial 
artery and cephalic vein as recipient vessels in the 
first stage, and the thoracodorsal artery and vein 
as recipient vessels in the second stage. In our 
study, we preferred the thoracoacromial artery in 
all patients owing to its convenient diameter and 
location. We preferred the venae comitantes of the 
thoracoacromial artery as the primary vein and the 
cephalic vein as the secondary vein. We performed 
two vein anastomoses in all patients. In three 
patients, subclavian artery injury was detected 
in CTA preoperatively. In these patients, the 
thoracoacromial artery was used for anastomosis, 
and there was no problem in flap circulation. In 
a patient who previously underwent subclavian 
arterial reconstruction with the saphenous vein, the 
flap anastomosis was performed to the vein graft in 
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an end-to-side fashion. There was no problem with 
flap circulation in this patient. We can speculate 
that previous vascular surgery does not affect flap 
survival, but it makes the operation technically 
difficult. Reverse FGMT described by Bertelli[30] 
can be performed in these patients. In this surgical 
method, the gracilis tendon is fixed to the acromion 
and the muscle core is sutured to the biceps distal 
tendon. Vascular repair is preferably done in an 
end-to-end fashion to the radial artery and cephalic 
vein.

The DASH score is used to evaluate functional 
results for muscle transfers. In our study, the 
mean postoperative DASH score was reported 
as 48.5±14.0 in patients for whom elbow flexion 
was reconstructed with FGMF. An improvement 
between 19.7 and 52 points in DASH scores has been 
achieved after surgery in previous studies.[11,26,27,31] 
Coulet et al.[12] reported the mean postoperative 
DASH score as 32 in patients with total TBPP and 
42 in patients with partial injury.[11] The fact that 
patients with partial injuries had higher scores 
despite having hand function was attributed to the 
inability of these patients to accept their current 
disability. The mean pre- and postoperative DASH 
scores were 71.1±4.6 and 48.5±14.0, respectively, 
indicating a statistically significant improvement 
in our patients.

Dodakundi et al.[25] evaluated the health status of 
patients who received two-staged FGMF using the 
SF-36 questionnaire. They reported an improvement 
in the physical function and physical role of the 
patients, but a worsening of their physical pain and no 
improvement in mental health, emotional role, vitality 
and social functioning. In the current study, we 
observed no significant improvement in the emotional 
role and pain, but there was an improvement in 
the social functioning, physical functioning, general 
health perception, physical role, emotional well-being 
and vitality subscales. Although elbow flexion was 
achieved in the most of our patients, mental status 
may not have improved, as the upper extremity 
function could not be fully restored due to the severity 
of the injury. Therefore, physicians should provide a 
detailed preoperative education to encourage realistic 
expectations and patients should be informed that 
there may not be a significant improvement in the 
level of pain after the operation.

The major complications of FGMF include flap 
loss, skin necrosis, infection, arterial thrombosis, 
clavicle fracture, bowstringing of the gracilis 
muscle, knee instability, and temporary peroneal 
nerve injury.[15,21,24,31-33] The rate of flap loss has been 

reported at rates varying between 0 and 16.7% in the 
literature.[10] We observed early flap loss due to venous 
thrombosis in two (12.5%) patients in our study. Donor 
site morbidity was not observed in any of the patients. 
Superficial wound infection was observed in two 
(12.5%) patients, and these patients were treated with 
superficial debridement and intravenous antibiotics.

The retrospective nature and small sample size 
were the major drawbacks of this study. Using 
different donor nerves (SAN, intercostal, phrenic) in 
limited number of patients impede interpretation of 
the results. In addition, different recepient tendons 
were used for gracilis tendon insertion. Prospective 
studies with longer follow-up may help us to better 
understand the long term effects of free gracilis flap 
on patient’s functional status, perception of pain, and 
quality of life.

In conclusion, FGMF is a reliable option in the 
restoration of elbow flexion in patients with TBPP. 
Although there is an improvement in functional 
results, disability, and quality of life, there may be no 
change in patients’ mental status and pain. Realistic 
targets should be established with the patients before 
surgery, and patients should be informed that the 
functionality may not be the same as before the injury.
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