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Original Article

Purpose: This study investigated the impact of plate type on the clinical and radiolog-
ical outcomes of ulnar shortening osteotomy (USO) by comparing conventional and 
ulnar osteotomy plates. The effect of interfragmentary screw fixation (ISF) during USO 
was also assessed. 
Methods: Seventy-eight patients were divided into three groups according to the type 
of plate: 3.5-mm dynamic compression plate (DCP), 3.5-mm limited contact DCP, and 
2.7-mm locking compression plate ulna osteotomy system (all from Depuy-Synthes).  
The patients were also divided into two groups according to whether ISF was per-
formed. Clinical and radiological outcomes, including time to bone union, presence of 
delayed union, and refracture after hardware removal, were analyzed. Other factors 
that might affect bone union, such as smoking and underlying diseases, were also 
evaluated. 
Results: No significant differences were found in clinical and radiological outcomes 
according to the type of plate. Eight of 51 patients (15.7%) in the without-ISF group 
showed delayed bone union. Forty-three patients in the without-ISF group underwent 
hardware removal, and refracture due to low-energy trauma after hardware removal 
was observed in five of those 43 patients (11.6%). Bone union time was significantly 
shorter in the with-ISF group (7.6±2.7 weeks vs. 9.8±6.6 weeks). Diabetes mellitus and 
ISF were associated with the delayed bone union. 
Conclusion: The plate type had no influence on the clinical and radiological outcomes 
of USO in patients with idiopathic ulnar impaction syndrome. However, ISF during 
USO has several advantages, such as early bony union and prevention of refracture af-
ter hardware removal. 

Keywords: Ulna, Shortening, Osteotomy, Re-fracture, Bone union

Introduction 

Ulnar impaction syndrome (UIS) can cause medial wrist pain related to exces-
sive weight bearing across the ulnar aspect of the wrist. It occurs when the ulnar 
head abuts the triangular fibrocartilage complex and carpus, resulting in ul-
nar-sided wrist pain [1]. Moreover, idiopathic UIS is generally seen in patients 
with static or dynamic positive ulnar variance with wrist pronation and forceful 
grip [1,2]. Ulnar shortening osteotomy (USO) was first described as an operative 
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intervention to decompress the ulnocarpal articulation by 
Milch [3] in 1941. Since then, it has been widely used in clinical 
practice and various modified surgical methods have been in-
troduced. Although USO has been successfully used for the 
treatment of idiopathic UIS [4-6], the surgery carries the risk of 
hardware irritation, delayed union, and nonunion [7,8]. 

The purpose of this study was to compare the clinical and ra-
diological outcomes of conventional and ulnar osteotomy 
plates for USO in patients with idiopathic UIS. In addition, the 
effect of interfragmentary screw fixation (ISF) in USO was as-
sessed. 

Methods 

Ethics statement: This study design was approved by the Institu-
tional Review Board of Dankook University Hospital (No. 2022-09-
013). The study was performed in accordance with the Declaration 
of Helsinki, and written informed consent was obtained for publi-
cation of this article and accompanying images from the patients.

From March 2008 to May 2016, 78 patients who underwent 
USO using plate fixation were retrospectively reviewed. Among 
the patients who were diagnosed with UIS and took the USO, 
anyone who was diagnosed with secondary UIS and had less 
than 1 year of the follow-up period was excluded. All patients 
were evaluated and treated by a single specialized hand sur-
geon. Three types of plates were consecutively used: 3.5-mm 
dynamic compression plate (DCP; Depuy-Synthes, West Ches-
ter, PA, USA), group I (n = 31); 3.5-mm limited contact DCP 
(LC-DCP, Depuy-Synthes), group II (n = 19); and 2.7-mm lock-
ing compression plate (LCP) ulna osteotomy system 
(Depuy-Synthes), group III (n = 28). And also, patients were di-
vided into two groups based on whether they underwent ISF: 
with-ISF group (n = 27) and without-ISF group (n = 51).  

Clinical outcomes were respectively evaluated by DASH 
(Disability of Arm, Shoulder and Hand) and PRWE (Patient 
Related Wrist Evaluation) scores preoperatively and 1 year after 
surgery. In addition, radiological outcomes, including time to 
bone union, presence of delayed union, and refracture after 
hardware removal were assessed. Bone union was defined ra-
diologically when callus formation was observed on three of 
the four cortices on anteroposterior and lateral plain radio-
graphs. Furthermore, the delayed union was defined when the 
union was not observed until 12 weeks. Other possible factors 
that might affect bone union, such as smoking and underlying 
diseases (that is, diabetes mellitus) were also assessed. 

1. Surgical procedures 
The USO was performed by a single specialized hand sur-

geon. Before performing USO, the author planned the neces-
sary amount of resection to restore the ulnar variance between 
0 and –1 cm. On the distal ulnar-sided forearm, 7 to 8 cm of 
skin incision was placed. The ulna was approached by dissect-
ing between the flexor carpi ulnaris and extensor carpi ulnaris, 
while preserving the dorsal sensory branch of the ulnar nerve. 
After that, plate was temporarily applied using guide pins to 
predrill the two distal holes and one proximal hole. After re-
moving the plate, an oblique-cut osteotomy was performed 
considering the edges and rotation without any cutting guide 
or additional apparatus. The plate was placed using a reduction 
clamp to achieve anatomical reduction, and then screws were 
firmly secured. All patients who had undergone USO were ap-
plied protective long arm splint for 2 weeks, short arm cast for 
4 weeks, and wrist brace for 6 weeks, postoperatively.  

2. Statistical analysis  
Categorical variables were compared using the chi-square 

test and continuous variables were compared using the inde-
pendent t-test and one-way ANOVA. Factors potentially asso-
ciated with bone union time were analyzed using a logistic re-
gression analysis. Statistical analyses were performed using 
IBM SPSS Statistics (IBM Corp., Armonk, NY, USA). Results 
with p-values that were less than 0.05 were considered for sta-
tistical significance. 

Results 

The average follow-up time was 15.8 months (range, 12–27 
months). There were 43 male and 35 female patients with a 
mean age of 42 years (range, 22–69 years). Out of 78 patients, 
there were no significant differences in clinical and radiological 
outcomes according to the types of plates (Table 1). When com-
paring groups according to whether ISF was performed, there 
was no significant difference in demographic factors and clinical 
outcomes between the two groups. However, bone union time 
was significantly shortened from 9.8 ±6.6 to 7.6 ±2.7 weeks in 
the with-ISF group. Delayed bone union was confirmed only in 
the without-ISF group. Eight of the 51 patients (15.7%) who 
were treated without interfragmentary fixation showed delayed 
bone union. Unlike the with-ISF group, refracture by low-ener-
gy trauma after hardware removal was observed in five of 43 pa-
tients (11.6%) in the without-ISF group. However, this differ-
ence was not significant (Table 2). Moreover, to identify the risk 
factor related to delayed bone union, factors potentially associ-
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ated with bone union time, such as sex, smoking, diabetes melli-
tus, ISF, and the type of plates were analyzed using logistic re-
gression analyses. Among the risk factors which are related to 
bone union, diabetes mellitus (odds ratio [OR], 4.86; p=0.046) 
and ISF (OR, 2.44; p =0.042) were associated with the delayed 
bone union. 

All patients showed bone union at the final follow-up. Eight 
patients who showed delayed bone union were treated conser-
vatively; thereafter, they showed radiological union at a mean 
period of 22.2 weeks (Fig. 1). Five patients who showed refrac-
ture after hardware removal underwent revision open reduc-
tion and internal fixation (n = 4) or closed reduction and intra-
medullary nail fixation (n = 1), and bone union was achieved at 
the final follow-up (Fig. 2). 

Discussion 

As a result of positive ulnar variance, overloading between 
the ulnar carpus and the distal ulna occurs. Hence, patients 

usually report ulnar-side wrist pain, diminished grip strength, 
swelling, and limitation of wrist motion. USO is the preferred 
treatment option for correcting positive ulnar variance, which 
relieves pain by restoring neutral or slightly negative ulnar vari-
ance. Jungwirth-Weinberger et al. [9] reported that using 2.7-
mm LCP ulnar osteotomy system plate for USO in patients 
with UIS displayed shorter bone healing time than that result-
ing from the use of 3.5-mm LC-DCP. However, in our study, 
there were no significant differences in either clinical or radio-
logical outcomes according to the types of plate. 

Hulsizer et al. [10] reported that 12 out of 13 patients achieved 
complete pain relief at a mean of 2.3 years with freehand trans-
verse osteotomies and four out of 13 had postoperative compli-
cations. On the other hand, Chun and Palmer described a series 
of 30 cases of an oblique freehand osteotomy technique with 
good results, although there were few complications, including 
no nonunion [5]. Theoretically, when the interfragmentary 
screw crosses the fracture line, the threads engage the fragment 
and the lag effect of the screw reduces the fracture gap. Further 

Table 1. Clinical and radiological outcomes according to the type of plate

Variable Group I Group II Group III p-value
No of patients 31 19 28
Age (yr) 38.8±11.9 40.0±13.5 45.9±11.8 0.109
Smoking 8 (25.8) 9 (47.4) 4 (14.3) 0.192
Diabetes mellitus 1 (3.2) 1 (5.3) 3 (10.7) 0.537
DASH score 52.1±20.1 52.6±23.4 56.1±23.3 0.799
PRWE score 40.4±31.7 38.6±41.2 36.9±32.4 0.929
Interfragmentary screw fixation 11 (35.5) 1 (5.3) 15 (53.6) 0.333
Time to bone union (wk) 7.4±4.1 10.1±7.3 10.1±5.5 0.192
Refracture after metal removal 1 (3.2) 2 (10.5) 22 (78.6) 0.555
Delayed bone union 2 (6.5) 3 (15.8) 3 (10.7) 0.580

Values are presented as number only, mean ± standard deviation, or number (%).
Group I, using 3.5-mm dynamic compression plate (DCP; Depuy-Synthes, West Chester, PA, USA); group II, using 3.5-mm limited contact DCP (Depuy-
Synthes); group III, using 2.7-mm locking compression plate ulna osteotomy system (Depuy-Synthes).
DASH, Disability of Arm, Shoulder and Hand; PRWE, Patient Related Wrist Evaluation.

Table 2. Clinical and radiological outcomes according to interfragmentary screw fixation

Variable With-ISF group Without-ISF group p-value
No. of patients 27 51
Age (yr) 25.3±12.3 39.7±12.4 0.065
DASH score 42.9 ±19.3 56.7±22.8 0.079
PRWE score 28.9±24.8 43.9±37.2 0.064
Time to bone union (wk) 7.6±2.6 9.8±6.6 0.038
Refracture after metal removal 0/18 (0) 5/43 (11.6) 0.157
Delayed bone union 0 (0) 8 (15.7) 0.045

Values are presented as number only, mean ± standard deviation, or number (%).
ISF, interfragmentary screw fixation; DASH, Disability of Arm, Shoulder and Hand; PRWE, Patient Related Wrist Evaluation.
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tightening of the lag screw pulls the distal fragment in a proxi-
mal direction, compressing the fracture site and enhancing 
fracture stability, which results in improved fracture healing 
[11]. Hence, in this study, USO was performed using the 
oblique osteotomy technique in all patients. Previous studies 
reported 0% to 18% of nonunion [12-16]. However, the inci-
dence of the nonunion and delayed union in this present study 
was 0% and 10.2%, respectively, which are lower rates than 
most reported in the literature. A study by Chen et al. [17] 
demonstrated that 30% of smokers compared to 0% of non-
smokers developed nonunions. Moreover, Gaspar et al. [18] re-
vealed that smoking and diabetes mellitus were significantly el-
evated risks for both delayed union and nonunion in USO. 
However, in this present study, only diabetes mellitus and ISF 

were significantly associated with the delayed bone union. 
Pomerance [19] insisted that local pain or irritation was the 

main cause of plate removal, and demonstrated a 2.5% inci-
dence of refracture after hardware removal (mean time to hard-
ware removal, 6.6 months) after USO. Furthermore, according 
to Mih et al. [20], 11.3% of patients experienced refracture after 
hardware removal (mean time to hardware removal, 19 
months) from various forearm pathologies. We demonstrated a 
78.2% (61 of 78) incidence of hardware removal in this study, 
which is comparable to the results of other studies. Among 
them, only five patients (8.2%) experienced a refracture after 
hardware removal. All patients underwent revision surgery, 
and the bone union was achieved at the final follow-up. 

This study had several limitations. First, the retrospective na-

Fig. 1. (A) A 62-year-old man was treated with a 2.7-mm locking compression plate (LCP) ulna osteotomy system (Depuy-Synthes, West 
Chester, PA, USA), and interfragmentary screw fixation was not performed. Immediately postoperatively, a neutral ulnar variance was 
achieved and the ulnar osteotomy plate settled well. (B) Twelve weeks later, the gap at the osteotomy site had increased, and delayed 
bone union occurred. (C) Twenty-four weeks later, radiological bone union was spontaneously achieved. (D) A 59-year-old man was 
treated with a 2.7-mm LCP ulna osteotomy system (Depuy-Synthes), and interfragmentary screw fixation was not performed. (E) Thirteen 
weeks later, callus formation was seen around the osteotomy site. (F) Twenty-six weeks later, radiological bone union was achieved with 
excessive callus formation.
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Fig. 2. (A) A 49-year-old woman underwent ulnar shortening osteotomy without interfragmentary screw fixation. Eleven months later, 
solid bone union was achieved and hardware removal was done. (B) Refracture occurred by low-energy trauma after hardware removal. (C) 
A revisional operation was done with ulnar osteotomy plate and interfragmentary screw fixation was performed. Seven weeks later, solid 
bone union was achieved. (D) A 29-year-old man underwent ulnar shortening osteotomy without interfragmentary screw fixation. Twelve 
months later, solid bone union was achieved and hardware removal was performed. (E) After hardware removal, refracture by low-energy 
trauma occurred. (F) Revisional closed reduction and intramedullary nail fixation were performed. Nine weeks later, solid bone union was 
achieved.

ture of this study could have introduced selection bias. The au-
thor suggests that a randomized comparative study would help 
elucidate the most important factors. Second, the degree of dia-
betes mellitus control has not been investigated in detail. These 

details may have been partly responsible for the differences in 
the results. Third, in this study, not like the category of delayed 
bone union, refracture after metal removal showed no signifi-
cant difference between the with-ISF group and the with-
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out-ISF group. As refracture after metal removal could be con-
sidered a serious complication, this could undermine claims 
about the effectiveness of ISF. However, unlike the without-ISF 
group, which showed five cases of refracture (11.6%) after met-
al removal, none (0%) occurred in the with-ISF group. Hence, 
although a significant difference was not achieved, it was as-
sumed that it could sufficiently support the effectiveness of ISF. 

Conclusion 

Plate types did not affect the clinical and radiological out-
comes of USO in patients with idiopathic UIS. However, ISF 
during USO has several advantages, such as early bony union 
and prevention of refracture after hardware removal. In conclu-
sion, ISF during USO can be a good surgical option for patients 
with UIS. 
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Introduction 

Epidermoid cysts are common benign skin neoplasms that typically develop in 
adults. These lesions generally present as round nodules with a central punctum 
on the overlying skin [1] and are predominantly found in males vs. females (2:1) 
[2]. In general, these lesions remain asymptomatic until rupture, inflammation, 
or infection occurs. Histologically, they are lined with stratified squamous epithe-
lium and filled with cheese-like keratin in the laminated layers. Most cases are de-
rived from inflammation of the occluded pilosebaceous apparatus. Although epi-
dermal cysts can appear anywhere in the body, they primarily develop in the 
hair-bearing regions, such as the head, neck, or trunk and fewer than 10% occur 
in the extremities [3]. Although most lesions are sporadic, multiple epidermoid 
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Purpose: Epidermoid cysts are common benign skin neoplasms derived from the pi-
losebaceous apparatus that usually develop in hair-bearing regions such as the head 
and neck. Epidermal cysts rarely occur in the extremities, especially in the palmoplan-
tar region. Therefore, they can be easily misdiagnosed as warts or calluses. Here, we 
present our experience treating epidermal cysts in the extremities, including a very 
rare case of malignant transformation into squamous cell carcinoma. 
Methods: This retrospective study enrolled all patients who underwent excision of 
epidermoid cysts in the upper and lower extremities from March 2006 to April 2021. 
Results: Among 249 patients, there were 10 (seven male and three female patients) 
who had epidermal cysts in the extremities (4.0%). All four plantar cysts were located 
in weight-bearing areas. One palmar epidermal cyst occurred 33 years after the trau-
ma. There was one case of a highly recurrent epidermal cyst on the heel that was 
eventually diagnosed as squamous cell carcinoma arising from the cyst lining on exci-
sional biopsy. After wide excision with a margin of 2 cm, the resulting defect was re-
constructed using a free thoracodorsal artery perforator flap. 
Conclusion: Epidermoid cysts in the extremities, especially the palmoplantar region, 
are rare. Detailed history taking, including underlying diseases and trauma history, is 
helpful for diagnosis. Complete excision is necessary to avoid relapse and to confirm 
the final diagnosis, especially in cases suspected of malignant transformation arising 
from epidermoid cysts. 

Keywords: Hand, Foot, Epidermoid cyst, Neoplasms, Surgery

https://doi.org/10.12790/ahm.22.0049


https://doi.org/10.12790/ahm.22.0049

Sungmi Jeon et al. Epidermoid cysts in the extremities

286

cysts at atypical sites such as limbs may be signs of familial syn-
dromes such as Gardner syndrome [4]. 

Epidermoid cysts can also be found in the palmoplantar re-
gions which lack hair follicles [5-7]. The pathophysiological 
mechanisms of these palmoplantar epidermal cysts remain un-
clear. Previous studies have suggested epidermal implantation 
into the dermis following trauma or surgery and human papil-
lomavirus (HPV) infection of the eccrine ducts as underlying 
etiologies [8-12]. Due to the relatively low incidence of glabrous 
skin, epidermal cysts may be confused with warts, calluses, 
ganglionic or synovial cysts, lipomas, or fibromas [2]. 

Furthermore, epidermal cysts rarely undergo malignant 
transformation into squamous cell carcinomas (SCCs; found in 
the head and neck, trunk, and testicle) [13-15]. Nevertheless, 
surgical excision is recommended to perform a final histo-
pathological examination, especially for epidermoid cysts with 
the involvement of multiple and unusual sites. Complete re-
moval of the capsule is recommended to prevent relapse. In this 
retrospective study, we share our experience of treating epider-
mal cysts found in the upper and lower extremities, including a 
rare case of malignant transformation to SCC on the heel. 

Methods 

Ethics statement: The study was performed in accordance with 
the Declaration of Helsinki after receiving approval from the In-
stitutional Review Board of Seoul National University Hospital 
(No. H-2209-064-1357). Written informed consent was not re-
quired due to its retrospective nature, and the consent for publi-
cation of the clinical images was obtained from the patient.

The medical records of all patients who underwent surgical 
excision for epidermoid cysts located in the upper and lower 
extremities, between March 2006 and April 2021 in Depart-
ment of Plastic and Reconstructive Surgery were retrospective-
ly reviewed. Data on patient demographics, underlying disease, 
history of other operations, diagnosis, onset, operative findings, 
and histopathological findings were collected. The frequency of 
the epidermoid cysts found in the extremities was expressed as 
a percentage divided by the total number of epidermoid cysts 
on the whole body. 

Results 

Among 249 patients who underwent excision for epidermoid 
cysts, 10 patients (4.0%) presenting with lesions in the upper 

and lower extremities were enrolled in this study. Patient clini-
cal information is summarized in Table 1. There were six out of 
10 patients (seven male and three female patients) with epider-
moid cysts in the palmoplantar region (1, palm; 1, finger; 3, ball 
area; and 1, heel), and four in the non-palmoplantar region (1, 
antecubital fossa; 1, posterior forearm; 1, posterior thigh; and 1, 
anterior tibial area). The epidermoid cysts were slow-growing 
masses varying in size from 7 ×5 ×3 mm to 45 ×23 ×16 mm. 
Plantar epidermal cysts in weight-bearing areas cause discom-
fort with ambulation, which means that such patients visit clin-
ics relatively earlier than others. One patient presented with a 
palmar epidermal cyst that developed 33 years after a traumatic 
injury at the same site (case 1) (Fig. 1). Rupture of the epidermal 
cyst with foul odor and ulceration occurred in one patient (case 
5) (Fig. 2). Three cases in the palmoplantar region were recur-
rent after previous treatment at other clinics (cases 1, 2, and 5). 
Considering the patient¹s age in case 6, preoperative ultrasonog-
raphy was performed for the differential diagnosis. Ultrasonog-
raphy revealed a 1 cm-sized well-defined avascular cystic lesion 
with heterogeneous hypoechogenicity (Fig. 3). 

There were three patients (cases 3, 5, and 8) with a history of 
multiple epidermoid cysts or benign soft-tissue tumor (nevus 
and lipoma), two with a history of cancer (thyroid cancer in 
case 1 and prostate cancer in case 2), and two with history of 
gastrointestinal polyposis (cases 2 and 5). Case 10 who demon-
strated an early-onset epidermoid cyst in the lower extremity 
was diagnosed with Lowe syndrome. 

All lesions were intraoperatively found in the subcutaneous 
layer. In nine of the 10 cases, the wounds were closed primarily 
after complete removal. However, in one case, malignant trans-
formation to SCC arising from the cyst wall was incidentally 
found after the excision of the entire lesion with ulceration 
(case 5). After additional wide excision (including of the previ-
ous skin graft) with a margin of 2 cm, the resulting defect was 
reconstructed with a free thoracodorsal artery perforator 
(TDAP) flap (Fig. 2B). 

In all cases, histopathology revealed epidermal cysts lined by 
stratified squamous epithelium and filled with cheese-like ker-
atin in the laminated layers (Fig. 3D, 3E). Case 5 demonstrated 
multiple unilocular epidermoid cysts presenting as a single en-
tity on the heel. In the largest cyst, the presence of a proliferat-
ing squamous epithelial portion of the cyst lining, with areas of 
cytonuclear atypia, indicated invasive well-differentiated SCC 
(Fig. 2C, 2D). No recurrence or complications were noted after 
surgery (mean follow-up, 8.7 ± 4.4 years; range, 1–14 years), ex-
cept in one case. In case 5, the epidermal cyst recurred twice (2 
and 3 years after wide excision and reconstruction with the 
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Fig. 1. A 55-year-old male patient with a painful palmar epidermoid 
cyst that developed 33 years after penetrating trauma (case 1). 
(A) Preoperative and (B) intraoperative images showing the gross 
specimen.

TDAP flap). Ruptured epidermal cysts on the flap were repeat-
edly excised, with no recurrence up to 6 years after the last sur-
gery. 

Discussion 

Epidermal cysts are commonly caused by spontaneous or 
postinjury disruption of the pilosebaceous unit, leading to pro-
gressive cystic ectasia of the infundibular region of the hair fol-
licle [1,6,16]. However, few studies have reported on the patho-
genesis of epidermal cysts in non–hair-bearing regions, al-
though Shimizu et al. [17] did report that most epidermal cysts 
were derived from traumatic sequestration of the keratinized 
squamous epithelium into the dermis. In our study, there was 
one case with a definite history of penetrating trauma to the 
palm (case 1). Case reports on epidermoid cysts that presum-
ably resulted from chronic mechanical trauma such as shoe im-

AA BB

Fig. 2. A 46-year-old male patient with a recurrent plantar epidermoid cyst (case 5). (A) Preoperative image showing the epidermoid cyst 
with overlying skin changes. (B) Postoperative image after wide excision and reconstruction with a free thoracodorsal artery perforator 
flap. (C, D) Microscopic images showing malignant transformation into squamous cell carcinoma arising from the cyst wall (H&E stain; 
scale bars, 2 mm in panel C and 200 μm in panel D).

AA

CC

BB

DD
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pingement or hammering have been suggested [8,18,19]. Con-
versely, several studies have reported HPV infection of the ec-
crine gland duct for possible etiology [9-12,20,21]. Although 
not performed in our study, tests for HPV infection, such as 
immunohistochemical staining and polymerase chain reaction 
may be considered in some cases. 

Most epidermoid cysts are asymptomatic. Plantar epider-
moid cysts can present with discomfort or pain during ambula-
tion [6,22]. Firm swelling of the overlying hard skin of 
weight-bearing areas in the soles is usually protruding or pal-
pable; however, one previously reported case did present with 
intractable heel pain caused by an epidermoid cyst, as revealed 

by magnetic resonance imaging [22]. Epidermoid cysts on the 
hand with increasing size cause pain resulting from pressure on 
the adjacent side. Once inflamed or ruptured, these cysts cause 
erythema, swelling, pain, and tenderness [1]. Incision and 
drainage can provide temporary relief; however, the lesions 
may eventually recur, as in the present cases 1, 2, and 5. Com-
plete excision of the intact cyst wall via an elliptical incision 
with the inclusion of the central punctum is necessary to pre-
vent a recurrence. In cases of active infection, surgical removal 
is delayed until the inflammation subsides after antibiotic ther-
apy. The recurrence rate has been reported to be higher in the 
soles and palms than in other regions [12,16,23]. 

Fig. 3. A 6-year-old female patient with a plantar epidermoid cyst (case 6). (A) Preoperative image. (B) Intraoperative image. (C) 
Preoperative ultrasonographic image showing avascular cystic lesion with heterogenous hypoechogenicity. (D, E) Microscopic images (H&E 
stain; scale bars, 2 mm in panel D and 100 μm in panel E).
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In general, differential diagnoses of epidermoid cysts in the 
hands and feet include warts, calluses, neuromas, ganglion 
cysts, fibromas, and lipomas [2,7]. The majority of epidermoid 
cysts are painless enlarging masses on the palmar aspect of the 
fingers. Previous reports have indicated the presence of a histo-
ry of trauma in half of the patients, and more than half were 
manual laborers [23]. Areas that undergo repeated mechanical 
stress are exposed to chronic irritation and are at risk of recur-
rent minor traumas [19,24,25]. Case 1 also had a manual labor 
job. For plantar epidermoid cysts, the heel is the most common 
area, followed by the lateral border. In our study, however, the 
ball area was the most common region of the soles (three out of 
four patients). 

Malignant transformation of epidermoid cysts is extremely 
rare ( > 1%) [14]. To date, only a few dozen cases of malignant 
transformation into SCC have been reported in the literature 
[13-15,26]. Although the precise mechanism remains unclear, 
the involvement of chronic inflammation due to remnant cystic 
components, especially in long-standing lesions, has been sug-
gested to be involved in the general etiology of squamous cell 
carcinogenesis [15,26]. Similar to our case, most of these ma-
lignancies were detected incidentally on histopathological anal-
ysis after the excision of the whole lesion, which was presumed 
to be benign. The clinical features of suspected malignancy in-
clude rapid enlargement, ulceration of the overlying skin, 
prominent pain, or suspected infected cysts that fail to respond 
to medical therapy such as antibiotics [14,27,28]. 

Plantar epidermoid cysts in young children are rare [29]. 
Knight and Reincer [30] previously reported a greater incidence 
of plantar epidermoid cysts (10 out of 459 squamous cutaneous 
cysts) in children compared with that of adults (2.2% vs. 7.2%). 
In the pediatric population, the differential diagnoses for pedi-
atric cases include pilomatricoma, dermoid cysts, and Gardner 
syndrome [1,32]. In this study, there were two pediatric cases 
with epidermoid cysts in the lower extremities (cases 6 and 10). 
In case 6, ultrasound imaging showing a well-circumscribed 
avascular cystic mass was useful in preoperative evaluation. 

Most epidermoid cysts are sporadic; however, familial inher-
itance is possible. In particular, multiple and atypical localiza-
tion of epidermoid cysts, such as limb involvement, may be in-
dicative of familial syndromes. Case 10 diagnosed with rare, 
X-linked recessive Lowe syndrome presented with a relatively 
large epidermoid cyst in the lower extremity at the age of 4 
years. This syndrome is mainly caused by a mutation of the 
OCRL1 gene. Recently, several studies have been reported on 
the associated skin lesions, such as multiple epidermoid cysts 
on the scalp [33]. On the other hand, case 6 was suspected of 

autosomal dominant Gardner syndrome with a mutation in the 
APC gene, which is characterized by multiple intestinal polyp-
osis, osteomas, epidermoid cysts, and dental anomalies (e.g., 
multiple odontomas and supernumerary teeth) [4]. Early diag-
nosis based on these findings is important as malignant chang-
es occur in colonic polyps that develop in the later decades of 
life. 

Conclusion 

In this study, we present a case series of epidermoid cysts 
found at unusual sites, such as the foot and hand. Differential 
diagnosis is important for these lesions through carefully tak-
ing a clinical history. The rapid growth of symptomatic epider-
moid cysts with repeated recurrence may indicate malignant 
transformation. Complete removal of the mass, including the 
capsule, is important to prevent recurrence and histopathologi-
cal confirmation. Once malignancy is confirmed, wide excision 
to achieve a safety margin should be performed, with the ap-
propriate reconstruction of the resulting defect. 
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Introduction 

Vascular abnormality can be divided into two categories: vascular malforma-
tions and vascular tumors [1]. The term “hemangioma” is reserved for true neo-
plasms, including infantile hemangiomas, congenital hemangiomas, and so on. 
None of them is normally seen in muscles. Thus, benign intramuscular vascular 
lesion can be considered a vascular malformation [2]. Vascular malformations are 
subcategorized according to their flow dynamics as low-flow (venous, lymphatic, 
capillary, capillary-venous, and capillary-lymphatic-venous) and high-flow mal-
formations (arteriovenous malformations and arteriovenous fistulas) [3]. Such 
vascular malformations might be apparent clinically as a mass or cause musculo-
skeletal deformities due to contracture of involved muscles. 

Two treatments are commonly performed for symptomatic vascular malforma-
tions: surgery and interventional management including sclerotherapy or emboli-
zation. Surgical resection is technically challenging due to infiltration of sur-
rounding structures and difficulty in identifying the location and margins of the 
vascular malformation and bleeding control. Therefore, the choice of these two 
treatments depends on the size, location, and morphology of the vascular malfor-
mation. 

We report a vascular malformation occurring in the hand causing adduction 
contracture of the thumb that could not be completely excised. We treated it with 
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Case Report

Vascular malformations of the muscle are rare non-proliferative vascular lesions, and 
few case reports have described intramuscular vascular malformations in the upper 
extremities. Vascular malformations of the muscle may produce musculoskeletal de-
formities due to muscle contracture. Symptomatic intramuscular vascular malforma-
tions are commonly treated with surgery and interventional management. We report a 
vascular malformation that could not be completely resected. It caused adduction 
contracture of the thumb in the hand. Sclerotherapy was performed before surgery, 
but the contracture did not improve. Thus, we additionally performed adductor tenot-
omy. There was no evidence of recurrence during 6 months of follow-up. 

Keywords: Hand, Thumb contracture, Vascular malformations, Sclerotherapy, Tenoto-
my  

https://doi.org/10.12790/ahm.22.0039


Arch Hand Microsurg 2022;27(4):292-295

https://doi.org/10.12790/ahm.22.0039 293

sclerotherapy followed by surgical tenotomy. To the best of our 
knowledge, vascular malformation causing adduction contrac-
ture of the thumb is a very rare lesion that has not been report-
ed previously.  

Case report 

This reports was approved from the Institutional Review 
Board of College of Medicine, The Catholic University of Korea 
(No. VC22ZISI0194) and the informed consent was obtained 
from the patient or the legal guardian for publication of the 
case report including accompanying images.

A 67-year-old male presented with a right thumb limit of 
motion that occurred 6 months ago. He had no traumatic 
event. He had no pain at all and only had a limited range of 
motion (ROM). On physical examination, active and passive 
movements of the thumb interphalangeal joint and metacarpo-
phalangeal (MCP) joint flexion showed normal ROM. In con-
trast, the MCP joint could not extend and the carpometacarpal 
joint of thumb showed adduction and flexion contracture. 
There was no palpable mass on hand. He had no pain during 
ROM (Fig. 1). 

On hand X-rays, a calcific deposit was observed at the 1st 
web space. The magnetic resonance imaging with enhance-
ment of hand showed lobulated soft tissue mass involving dor-
sal interosseous muscle at the 1st web, adductor pollicis, op-
ponens pollicis, and palmar interosseous muscle. High signal at 
T2-weighted image with tubular enhancement suggested intra-
muscular vascular malformation (Figs. 2, 3). 

Complete excision of vascular malformation that invaded 
adductor pollicis muscle was not possible considering the im-

portance of thumb intrinsic muscle function. Thus, symptom-
atic treatment was established to gain ROM. 

The radiologist revealed that his vascular malformation was 
a low-flow lesion using ultrasound. Sclerotherapy was per-
formed by an interventional radiologist. After 1 month of mo-
tion exercise, ROM was not improved. Thus, surgery was 
planned. 

Volar approach from wrist to thenar crease was done. Possi-
ble flexor pollicis longus entrapment and intrinsic muscles were 
checked. While preserving median nerve and branches, the ad-
ductor pollicis muscle was found to be invaded by a vascular 
malformation lesion (Fig. 4). Transverse head of adductor pol-
licis muscle belly tightening tension was palpable with thumb 
abduction. After adductor pollicis tenotomy was done as 
planned, he gained almost full range of thumb motion. During 
6 months of follow-up after surgery, no newly occurred con-
tracture was observed (Fig. 5). 

Fig. 1. Thumb adduction and flexion contracture. Fig. 2. The 1st web space calcific material deposit found on simple 
X-ray.
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Discussion 

The term “hemangioma” has been used commonly to name 
vascular tumor and vascular malformation. International Soci-
ety for the Study of Vascular Anomalies has suggested that vas-
cular abnormality should be classified as vascular tumor and 
vascular malformation [1]. Hein et al. [2] have reviewed 176 
patients with skeletal vascular lesions and suggested that most 
lesions called hemangioma of skeletal muscle are vascular mal-
formations. 

Vascular malformations causing functional limitations have 
been treated with the whole excision of lesion, sclerotherapy, or 
both in several institutes [4-7]. The best treatment for vascular 
malformation has not reached a consensus yet. However, Wieck 
et al. [4] suggested a management algorism for pediatric intra-
muscular venous malformations in 2016 [4]. 

The 5-year local recurrence-free rate has been reported to be 
93% after wide and marginal excision, 65% after an intralesion-
al excision without gross tumor remaining, and 33% after an 
intralesional excision with gross tumor remaining [8]. 

In the present case, for an unresectable lesion in an adult pa-
tient, sclerotherapy was done firstly for a possible gain of ROM 
to get a smaller size and to decrease bleeding during surgery 
that might follow. It has been reported that sclerotherapy can 
be performed for contracture causing lesions to gain ROM in 
few cases. The present case did not respond to sclerotherapy. 
Thus, a tenotomy was then performed. As the gross lesion re-
mained, the expected rate of recurrent is high as Bella et al. [8] 
reported. Ineffectiveness of sclerotherapy might be because re-
peated attempts of sclerosis were not made. On average, three 

Fig. 3. Magnetic resonance imaging T2-weighted fat suppression 
image. Thenar muscles and adductor pollicis (A), and 1st web 
space interosseous muscles (B) were invaded by lobular lesion.

Fig. 4. Adductor pollicis invaded by vascular malformation. With 
thumb range of motion, tightening lesion of adductor lesion was 
checked with freer.

Fig. 5. (A) After adductor tenotomy. (B) Six months after surgery.

AA BB
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attempts were tried in the study of Wieck et al. [4]. However, 
sclerotherapy on contractures seem to be not very effective; in 
the study of Wieck et al. [4], two of five patient [4] and one of 
three cases in the study of Domb et al. [7] got contracture relief 
with sclerotherapy alone.  

Surgical management after ineffective sclerotherapy is com-
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monly reported, but mostly, complete resection was done. If 
complete resection of intramuscular vascular malformations is 
not possible for reasons such as due to thumb function, the use 
of sclerotherapy and partial resection or tenotomy could be 
considered as options for monitoring for recurrence. As a high 
recurrence rate is expected, adjuvant sclerotherapy could be 
used. In the case, in concern about the adverse effect of sclero-
therapy on new contracture development, sclerotherapy has 
not been used. In the study of Bella et al. [8], patients were giv-
en the options of close observation, re-excision, or adjunctive 
treatments such as sclerotherapy/chemoembolization. 

Preoperative sclerotherapy has an advantage on operation 
time and blood loss [9]. Postoperative sclerotherapy has been 
used as adjuvant therapy for incomplete excision as classically. 
As several adverse effects of sclerotherapy have been reported, 
clinicians should weigh the pros and cons of pre- or postopera-
tive sclerotherapy to decide in case of incomplete excision in 
contracture cases. 
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Introduction 

The radial forearm free flap is an essential method for reconstruction of the 
head and neck. Although the course of the radial artery, which lies between the 
flexor carpi radialis (FCR) and brachioradialis (BR) muscles, is thought to be fair-
ly constant, seldom encountered anomalies that are found during the elevation of 
the flap have been reported [1-3]. Proximal bifurcation is one such rare variant of 
the distal radial artery, with an incidence of 0.52%–1% [4]. 

This report describes a proximal bifurcation of the superficial palmar branch 
and anomalous superficial course of the distal radial artery. 

Case report 

 This case report was approved by the Institutional Review Board of the Korea 
University Ansan Hospital (No. 2020AS0050). Written informed consent was ob-
tained for publication of this report and accompanying images. 

A 68-year-old male patient with the chief complaint of a tongue mass was diag-
nosed with T2N2bM0 squamous cell carcinoma. He was scheduled for hemiglos-
sectomy, followed by immediate tongue reconstruction using a left-sided radial 
forearm free flap. On preoperative examination, the radial and ulnar artery pulses 
were both palpable at their respective normal sites, and the Allen test confirmed 
adequate blood flow in both the radial and ulnar arteries. The course of the radial 
artery was traced more proximally using handheld Doppler ultrasound, following 
the continuity of the signals. Sensory and motor functions of the left hand were 
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Case Report

Variations of the radial artery are rare, but clinically significant for surgeons when 
raising a radial forearm free flap. A 68-year-old man presented with an anomaly of 
the radial artery, which had a proximal bifurcation of the superficial palmar branch 
and an anomalous superficial course of the distal radial artery, mimicking duplication 
of the radial artery. A bifurcation of the main vessel was detected approximately 7 cm 
proximal to the wrist crease. Anastomosis was performed by using the superficial pal-
mar branch of the radial artery. After anastomosis, the anomalously bifurcated deep 
palmar branch of the radial artery was transected 1 cm distal to the bifurcation. Al-
though variations, such as unusual bifurcations of the radial artery, are extremely rare, 
surgeons should be aware of possible variations to ensure safe flap harvesting. 

Keywords: Radial artery, Free tissue flaps, Head and neck neoplasms, Anatomic varia-
tion, Reconstructive surgical procedures, Microsurgery  
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normal. 
After hemiglossectomy, an 8 × 6 cm sized radial forearm flap 

was designed on the left palmar-sided distal forearm, and the 
tourniquet was inflated to 250 mmHg after exsanguination by 
elevation. Starting elevation of the flap in the suprafascial plane 
at the ulnar border, elevation proceeded superficially to the 
tendinous portion of the palmaris longus, dividing the inter-
muscular septa, until reaching the tendinous portion of the 
FCR. At this point, the distal end of the radial artery and the 
accompanying veins were identified just at the interval between 
the muscular portion of the FCR and BR. The pedicle was li-
gated and divided to allow the flap to be raised from the distal 
to the proximal direction. 

After the radial incision, we identified the cephalic vein and 
dissected it subcutaneously and proximally following this vein 
to identify the superficial branches of the radial nerve. Another 

pedicle consisting of one artery and two accompanying veins 
was observed just beneath the superficial branch of the radial 
nerve in the subcutaneous layer. Superficial to the BR muscle, it 
coursed radially and crossed the superficial branch of the radial 
nerve, extending in the distal and dorsal directions in the wrist 
(Fig. 1). The forearm was then incised and dissected proximally 
following the anomalous branch to confirm merging with the 
main radial artery. We confirmed that the main trunk of the 
vessel was bifurcated into two branches, approximately 7 cm 
proximal to the wrist crease (Fig. 2). 

The tourniquet was then released and the original pedicle, 
which normally lies between the tendinous portion of the FCR 
and BR, was confirmed to perfuse the skin territory when the 
anomalous branch was obstructed with a vessel clamp. We per-
formed the Allen test intraoperatively and observed sufficient 
blood flow from the ulnar circulation. The anomalous branch 
was then divided at a point 1 cm distal to bifurcation. Micro-
vascular anastomosis in the end-to-end method was performed 
with the superior thyroidal artery and internal jugular vein, 
and arterial and venous flows were sufficient. No complications 
were associated with postoperative flap circulation. 

Discussion 

At the wrist, the usual radial artery branches off the superfi-
cial palmar branch and continues dorsally deep to the tendons 
of the first and third extensor compartments. It provides a deep 
palmar branch for the formation of the deep palmar arch in the 
radial foveola (anatomical snuffbox), and joins the deep palmar 

Fig. 1. Dissected radial artery and vein between the flexor carpi 
radialis muscle (white arrows) and the brachioradialis muscle 
(white arrowheads). Proximal bifurcation of the radial artery into 
the superficial palmar branch (yellow arrows) and the dorsal 
carpal branch (yellow arrowheads). Fig. 2. Elevated radial forearm free flap.
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arch. As the radial arterial system is much more reliable than 
other arterial systems, preoperative evaluation with an imaging 
device is considered unnecessary if the results of Allen test are 
normal. 

Several variations of the radial artery have been reported in 
the literature [3,5,6], particularly in the context of harvesting 
radial forearm flaps. In previous studies, various anomalies 
such as radial artery branching not from brachial artery but 
from common interosseous artery, and aberrant collateral ar-
tery have been reported. In our case, abnormal branching of 
the main vessel was observed in the distal third of the forearm 
(Fig. 3). A branch that coursed in the usual anatomic position 
of the radial artery appeared to be the proximally bifurcated 
superficial palmar branch, whereas the anomalous branch that 
coursed superficial to the anatomical snuffbox was considered 
to be the distal radial artery. The anomalous artery would have 
been open when the superficial palmar branch was occluded 
during the Allen test, causing the collateral circulation of the 
ulnar artery to be poorly assessed. Preoperative vascular imag-
ing was performed using Doppler sonography rather than ul-
trasound, which makes it difficult to detect the anomalous 

course of the distal radial artery. 
An anomalous superficial course of the radial artery, similar 

to this case, has been reported as a superficial radial artery, but 
such cases are quite scarce [1,2]. There are some reports of 
variations in the radial artery. Superficial courses, such as prox-
imal bifurcation [6,7] and distal radial artery, have been report-
ed [5,6] but are not actively discussed as notable variations [2]. 
During embryologic development, the arterial variations affect-
ing these kinds of distal courses of the radial artery are expect-
ed to be established before embryonic developmental stage 21 
(crown-lump length, 22–24 mm) [8]. 

The Allen test was positive because the anomalous branch 
maintained circulation even when the radial side was occluded. 
Usually, imaging tests for vessels are not necessarily performed 
[9], and these anatomical variations may not be detected before 
surgery, which could lead to severe surgical complications [10]. 
Therefore, surgeons should elevate the flap carefully, consider-
ing the possibility of vascular variations, and we recommend 
retaining branches until the circulation of the flap is confirmed. 
The vessels should be carefully evaluated to determine whether 
they can be used as the main vascular pedicle. 

Fig. 3. Schematic courses of previously reported anomalies. (A) Normal course of the radial artery (RA). (B) RA branching not from the 
brachial artery (BA), but from the common interosseous artery (CIA). (C) Aberrant collateral RA. (D) Proximal bifurcation of the superficial 
palmar branch of the RA (SPB). UA, ulnar artery; DPB, deep palmar branch of the RA; ACA, aberrant collateral radial artery.
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In this case, a radial forearm free flap was chosen for recon-
struction of the tongue defect after tumor resection. It appeared 
to be a proximally bifurcated deep palmar branch of the radial 
artery. The superficial palmar branch of the radial artery was 
used as the main vascular pedicle for the flap. 

Despite its rare incidence (0.52%–1%), anomalies of the radi-
al artery exist. Reconstructive surgeons should be aware of 
these anomalies, and preoperative ultrasound evaluation is sug-
gested to detect an anomalous course of the distal radial artery 
for safe flap harvesting. 
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Introduction 

In traumatic amputations of upper extremities, replantation is commonly at-
tempted with high success rates. However, successful replantation not only im-
plies the survival of length but also must show good functional outcomes of the 
restored hand [1,2]. Hence, due to the dominant importance of thumb, account-
ing for 40% to 50% of hand function, the utmost priority is on the salvage of 
thumb. In cases when replantation is not feasible, various efforts including polli-
cization of the index finger, toe transfer, lengthening of thumb stump, and deep-
ening of the 1st web space have been made. 

Heterotopic thumb-to-thumb replantation is another reconstructive option ap-
plicable to rare circumstances of bilateral amputation on the upper extremity. 
Among bilateral mangling injuries, there are certain cases in which one hand is 
structurally intact but not replantable by severe proximal segment injuries, while 
on the other hand, the digits themselves are unsalvageable. In such cases, sur-
geons must try their best to restore at least one functional hand. Under these dir-
est circumstances, there have been case reports of heterotopic thumb-to-thumb 
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Case Report

In traumatic amputations in the upper extremities, replantation has been commonly 
attempted with high success rates. However, successful replantation implies both the 
maintenance of length and good functional outcomes of the restored hand. Since the 
thumb accounts for 40% to 50% of hand function, the utmost priority is on the sal-
vage of the thumb. In cases when replantation is not feasible, various efforts have 
been made to replace the thumb, including pollicization of the index finger, toe trans-
fer, lengthening of the thumb stump, and deepening of the first web space. Alterna-
tively, heterotopic thumb-to-thumb replantation has been suggested as a rescue plan 
in rare circumstances of bilateral amputation in the upper extremities. However, even 
if heterotopic replantation is successful, there are situations in which a severe crush-
ing injury to the thenar muscles of the recipient’s thumb causes opposition failure of 
the reconstructed thumb. We report a case of functional reconstruction of the thumb 
in a rare case of bilateral mangling amputations in the upper extremities, by a hetero-
topic thumb-to-thumb replantation combined with secondary opponensplasty to 
compensate for the opposition failure. 

Keywords: Heterotopic, Replantation, Opponensplasty, Amputation
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transfer as a rescue plan [1]. 
However, although thumb-to-thumb replantation was done, 

a satisfactory function of the transplanted thumb may not al-
ways be guaranteed due to the diverse level and extent of injury 
in different bilateral mangled hand injuries. For example, there 
are situations in which the concomitant damage to the intrinsic 
muscle causes opposition failure and disturbs the usable func-
tion of the reconstructed thumb.  

We report a case of functional reconstruction of the thumb 
in rare case of mangling bilateral amputations on the upper ex-
tremity, by a heterotopic thumb-to-thumb replantation com-
bined with secondary opponensplasty. 

Case report 

A 24-year-old man, injured by a press machine, came to the 

emergency room with bilateral mangling amputations on both 
upper extremities. The right forearm was completely amputat-
ed at proximal 1/3 level of the forearm with comminution on 
both ulna and radius. The amputated part had severe crushing 
at proximal segment but was in relatively good condition distal 
to wrist level with unusable thenar muscles group including ab-
ductor pollicis brevis (APB), flexor pollicis brevis, and oppon-
ens pollicis due to severe crushing and significant loss of the 
muscle tissue. On the other side, the nondominant left hand 
had crushing on the thumb, index, middle finger, and palm. 
The index and middle finger retained blood circulation with 
comminuted fractures on proximal and middle phalanges. 
However, the thumb was subtotally amputated without any soft 
tissue left for replantation and comminuted fracture at the 1st 
carpometacarpal (CMC) joint (Fig. 1). 

Based on the comminuted, mangled nature of the right up-

Fig. 1. Initial preoperative photo showing bilateral mangling amputations on the upper extremity. (A) The right forearm was completely 
amputated at proximal 1/3 level of the forearm with comminution on both ulna and radius. (B) The nondominant left hand had crushing 
on the thumb, index, middle finger, and palm. The left thumb was subtotally amputated without circulation and severe crushing was 
found on the thenar muscles; however, the index finger retained blood circulation on the fingertips. On plain radiography, the thumb was 
amputated at the 1st carpometacarpal joint and the index finger showed bony amputation at proximal phalangeal head level.
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per extremity segmental injury, we concluded that replantation 
of the arm is unlikely to restore a functional limb. Since the 
thumb of the amputated right hand was nearly intact but with 
crushing injury on thenar muscle, we decided to replace the 
unsalvageable left thumb by heterotopic thumb-to-thumb re-
plantation. In this way, we thought we could save at least one 
functional hand with a thumb. The amputated right arm was 
planned for stump revision. 

1. Heterotopic thumb-to-thumb replantation 
The right thumb was harvested at the 1st CMC joint level 

with extensor pollicis longus (EPL) and flexor pollicis longus 
(FPL) tendons, both ulnar and radial digital arteries and digital 
nerves, and cephalic veins. The right thumb was secured to the 
1st CMC joint of the left hand by cross fixation with two 0.9 
mm Kirschner wires (K-wires). EPL and FPL tendons were 
both repaired by core sutures in the modified Kessler technique 
using Ethibond 4-0 (Ethicon Inc., Raritan, NJ, USA) and multi-
ple epitendinous sutures using PDS 4-0 (Ethicon Inc.). The 
damaged thenar muscles were not usable, and therefore most 
of the muscle tissues were trimmed. Under a microscope, both 
radial and ulnar digital arteries were anastomosed in end-to-
end fashion with Nylon (Ethicon Inc.) 10-0, and both digital 
nerves were repaired by epineural interrupted sutures with Ny-
lon 9-0. Finally, the cephalic vein and subcutaneous veins were 

repaired by end-to-end anastomosis as in the arteries using 
Nylon 10-0 (Fig. 2). 

The transferred thumb survived. To prevent joint stiffness, 
early active and passive range of motion (ROM) was encour-
aged from the 2nd week after surgery. After discharge, more 
aggressive passive exercise was done by a physical therapist 
three times a week at an outpatient clinic. Cross-fixated K-wires 
on the 1st CMC joint of thumb were removed at the 25th week 
after surgery. 

At 2-year follow-up in the outpatient clinic, the replanted 
thumb had a satisfactory protective sensation. The static two-
point discrimination of the thumb was 4 mm. However, oppo-
sition failure of the thumb still showed considerable limitation 
in daily living activities such as grabbing a bottle. The active 
ROM of the joints was acceptable, with 70° at the interphalan-
geal joint and 20° at the metacarpophalangeal joint. However, 
there was a significant failure in opposition with radial and pal-
mar abduction of 30° and 25° each. The thumb could only 
pinch the radial side of index finger with Kapandji score of 1, 
and it was assessed as “fair” according to Sundaraj and Mani 
criteria (Table 1). By lack of opposition, the patient was not able 
to grab tightly or hold an object. We concluded that the injury 
on the thenar muscles of the replanted thumb owed for the op-
position failure; hence, we planned for opponensplasty by ex-
tensor indicis proprius (EIP) transfer.  

Fig. 2. Intraoperative photo showing the heterotopic thumb-to-thumb replantation. (A) The right thumb is harvested at the 1st 
carpometacarpal joint level and replanted to the left hand. (B) The plain radiography taken before thumb replantation and 2 years after 
surgery, showing the transferred right thumb to the left hand.
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2. Extensor indicis proprius opponensplasty  
The overall method of tendon transfer was identical to the 

Burkhalter technique. Due to the absence of intrinsic thenar 
muscles including the APB, EIP was inserted on the EPL ten-
don with a weaving suture using PDS 4-0 [3] (Fig. 3). Postoper-
atively, a dorsum protective short arm splint was applied 
around the thumb. 

At 10-year follow-up, the opposition of thumb showed im-
provement. The radial and palmar abduction increased to 55° 
and 60° respectively (Fig. 4), and the Kapandji score increased 

from 1 to 4, along with the improvement in Sundaraj and Mani 
criteria from “fair” to “excellent” (Table 1). The patient had only 
minor difficulties carrying out daily living activities with DASH 
(Disabilities on Arm, Shoulder, and Hand) score of 28.3. He 
was satisfied with the surgery, and he gained full employment 
through driving. 

Written informed consent for publication of the clinical im-
ages was obtained from this patient.

Discussion 

In the reconstruction of hand after traumatic amputation, 
one should put reconstructing the thumb at top priority. The 
thumb accounts for the tripod pinch through opposition, and 
therefore, loss of thumb impairs hand function by 50% [2]. If 
the amputated thumb is not replantable, one should consider 
other options such as pollicization of the index finger, toe 
transfer, and deepen of the 1st web space. Still, replacing the 
thumb with the thumb itself is known to be more ideal in terms 
of cosmetics, sensory and motor function [4]. 

Bilateral upper extremity amputations present a rare oppor-
tunity in which heterotopic thumb replantation may be consid-
ered [1]. Cross-hand replantation was first done by Kutz et al. 

Fig. 3. Preoperative and intraoperative photo of extensor indicis proprius (EIP) opponensplasty. (A) Preoperative photo taken at 2-year 
follow-up after the initial thumb replantation, showing limitations in thumb opposition. (B) The EIP tendon was identified through a 
linear incision over the dorsal ulnar aspect of the 2nd metacarpophalangeal joint. The tendon was detached free from the extensor 
digitorum communis. (C) Through wide excision of the deep fascia of forearm, the distal part of the muscle belly is gently freed and 
pulled out. (D) The muscle-tendon unit was tunneled through the subcutaneous border of the ulna and brought out through another 
incision near the pisiform. (E) Due to the absence of an abductor pollicis brevis, EIP was inserted on the extensor pollicis longus (EPL) 
tendon. (F) EIP was connected to EPL tendon with a weaving suture using PDS 4-0 (Ethicon Inc., Raritan, NJ, USA).

Table 1. Comparison of functional outcomes of the heterotopically 
replanted thumb before and after opponensplasty

Functional outcome Before 
opponensplasty

After 
opponensplasty

IP joint ROM (°) 70 95
MCP joint ROM (°) 20 25
Radial abduction (°) 30 55
Palmar abduction (°) 25 60
Grip power (kg) 10 12
Kapandji score 1 6
Sundaraj and Mani criteria Fair Excellent

IP, interphalangeal; ROM, range of motion; MCP, metacarpophalangeal.
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[4], and Tegtmeier [5] later reported the heterotopic thumb-to-
thumb transfers from the nonfunctioning contralateral hand. 
Although rare, the reported cases have shown satisfactory 
pinch and grip power, with preserved opposition function 
when the intact intrinsic muscles and nerves are intact. 

Nonetheless, there are situations where the replanted thumb 
is not in intact condition with severe crushing in the intrinsic 
muscles. In such cases, persistent opposition failure may inter-
fere with daily living activities. In this case, severe crushing on 
intrinsic thenar muscles caused opposition failure, and we 
managed it with secondary EIP opponensplasty. Usually, EIP is 
inserted into the APB muscle. This is partly because the EIP 
tendon is usually short in length for suturing it with the EPL 
tendon. However, in this case, the APB muscle could not be 
used as an anchor, and the replanted thumb was slightly shorter 
than the normal thumb; hence, we made an improvisation of 
weaving the EIP tendon with the EPL tendon. As a result, our 
procedure seems to be similar to the pollicization of an index 
finger. Both techniques share the idea that EIP is reattached to 
the extensor system of thumb, serving as the EPL tendon [3]. 
We were able to reconstruct a functioning thumb by combining 
the mechanism of two surgeries: EIP opponensplasty and index 
finger pollicization. 

A few reports have asserted that toe transfer shows great sen-

Fig. 4. Follow-up photo of the 10th year after extensor indicis proprius (EIP) opponensplasty taken at the outpatient clinic. (A) Significant 
improvement in the opposition of thumb was seen, allowing the pinching on the ring and little fingers. (B) Follow-up photo of the 
10th year after EIP opponensplasty taken at the outpatient clinic. (B) The radial abduction increased to 55°. (C) The palmar abduction 
increased to 60°. (D) The patient recovered satisfactory grip power to grab a bottle.

sory recovery as good as, even better than replanted fingers [4]. 
This was mainly because toes are transplanted under optimal 
conditions with minimal ischemic time and trauma, compared 
to replanted fingers. The heterotopically replanted thumb in 
this case, showed a great recovery of sensation with static two-
point discrimination of 4 mm. This was similar to two-point 
discrimination of less than 10 mm in toe transferred patients in 
average [4]. The patient showed no significant disabilities due 
to dullness or neurological pain in daily activities. We assume 
that this satisfactory sensory recovery was achieved by using 
intact digital nerves from the contralateral thumb, and shorten-
ing the ischemic time by implementing direct thumb-to-thumb 
replantation in an acute setting. 

In reconstructing an amputated thumb, our case suggests 
that it is worth using the thumb from an unsalvageable contra-
lateral hand, even though intrinsic muscles are severely dam-
aged. By combining with opponensplasty, it is possible to com-
pensate for functional deficits after heterotopic thumb replan-
tation.  
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Introduction 

To reconstruct digital phalanx soft tissue defect, there are various options in-
cluding reverse digital artery island flap, thenar flap, hypothenar free flap, toe 
pulp flap, and venous free flap [1]. A sensate hypothenar free flap is a good tool to 
reconstruct skin defects with good sensory recovery [1]. However, the flap size is 
not sufficient to resurface a circumferentially degloved finger. We present a case 
where the patient’s entire index finger was degloved to excise the squamous cell 
carcinoma and soft tissue coverage was done by circumferential wrapping using a 
bilateral free hypothenar flap. To our knowledge, this is the first case where two 
free hypothenar flaps were used to cover an entirely degloved finger. 

Case report 

This study was approved beforehand by the Institutional Review Board of Seoul 
National University Bundang Hospital (No. B-2212-798-701) and performed in 
accordance with the principles of the Declaration of Helsinki. Written informed 
consent for publication of the clinical images was obtained from the patient.

A 68-year-old male patient with underlying diabetes mellitus type presented 
with a skin lesion on his right finger. Punch biopsy done at dermatology depart-
ment showed Bowen disease. The patient received eCO2 laser and Aldara cream. 
Ten years later, the size of the lesion increased up to the point of encompassing 
the entire index finger as shown in Fig. 1 and the patient was referred to our de-
partment. Keratosis was observed and the patient complained of no symptoms 
other than itching sense. The most recent punch biopsy showed squamous cell 
carcinoma. Preoperative chest and abdominopelvic computed tomography 
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Case Report

Soft tissue reconstruction of a circumferentially degloved finger is a major challenge. 
A 64-year-old male patient with underlying diabetes and hypertension presented with 
biopsy-proven squamous cell carcinoma involving his entire finger. The entirety of his 
finger was circumferentially degloved to obtain a safety margin. The finger was recon-
structed using bilateral free hypothenar flap, and the patient recovered without any 
complications. 
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showed no evidence of distant metastasis. Hand magnetic reso-
nance imaging showed diffuse enhancing thickening limited to 
dermal subcutaneous layer of the right 2nd finger from distal 
to the middle phalanx. No bone invasion was observed. 

Wide excision was planned by degloving the entire finger with 
preservation of tendon, ligaments as shown in Fig. 2. The exten-
sor and flexor tendon sheaths were removed to ensure complete 
removal of the tumor. Neurovascular bundles were ligated at the 
mid proximal phalanx level. The involved finger was totally del-
goved with a proximal safety margin of 1 cm. The safety margin 
was confirmed by intraoperative frozen biopsy. 

Skin circumferential resurfacing was done using bilateral free 
hypothenar flap as shown in Fig. 3. Ipsilateral free hypothenar 
flap with a 6×3.5-cm skin paddle was harvested. The ulnar ar-
tery perforator was anastomosed to the distal end of the ulnar 

side digital artery in an end-to-end fashion, one cutaneous vein 
was anastomosed to the dorsal digital vein in an end-to-end 
fashion. The thickest nerve among the cutaneous nerves arising 
from the ulnar nerve was harvested together and anastomosed 
to the digital ulnar nerve. The second hypothenar free flap with 
the same size was harvested from the contralateral side and ves-
sel anastomosed to the radial side digital artery and dorsal vein 
concomitantly. Flaps were harvested by a technique described 
by Kodaira and Fukumoto [1]. Histopathologic examination of 
the amputation specimen demonstrated a squamous cell carci-
noma with a tumor thickness of 2 mm. The investigation con-
firmed an R0 resection with 0.1-cm proximal safety margin and 
0.2-cm deep safety margin. Tumor stage and grading were 
pT3cN0cM0, G2, and stage III. The patient was discharged 8 
days postoperatively and no adjuvant chemotherapy or radia-
tion was administered. For the 20 months of follow-up periods, 

Fig. 1. (A) Preoperative photographs showing squamous cell 
carcinoma encompassing the entire right index finger from 
the distal phalanx to the mid-phalanx level. (B) The magnetic 
resonance imaging shows diffuse enhancing of thickening of 
dermal and subcutaneous layer at 2nd finger middle to distal 
phalanx without evidence of bone invasion.

Fig. 2. Photographs of the degloved right index finger after wide 
excision of the skin lesion.

Fig. 3. Immediate postoperative photograph showing circumferential 
finger resurfacing using two free hypothenar flaps.
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the patient is very satisfied with the result and showed no diffi-
culty in hand pinch and daily activity as shown in (Fig. 4). 

The distal phalanx of the right 2nd finger was observed to be 
continuously absorbed during follow-up, which appears to have 
occurred using bilateral digital arteries as recipients during sur-
gery. Currently, the flap is stable, and the patient does not com-
plain of any discomfort in daily life. The middle phalanx bone 
was observed intact, confirming that the viability of the bone to 
at least the middle phalanx was guaranteed even if both bilater-
al digital arteries were used at the proximal level of the proxi-
mal phalanx (Fig. 4).  

Discussion 

Reconstruction of finger defects can be achieved using vari-
ous flaps. For small defects, an anterograde digital artery island 
flap can be used. For medium-sized defects larger than half the 

finger pulp, reverse digital artery island flap, toe pulp flap, and 
hypothenar free flaps are options. Although reverse digital ar-
tery island flap harvest is tedious, donor site closure often re-
quires skin graft coverage. Thenar flap harvest is also tedious 
but often causes finger joint flexion contracture. Hypothenar 
free flap harvest requires more care than the aforementioned 
flap, but the donor site can be closed primarily with a relatively 
inconspicuous scar [1]. 

Soft tissue coverage of circumferential degloved finger is a 
great challenge. Skin grafts cannot be used due to contracture, 
non-gliding tendons, and avascular necrosis of distal bones [2]. 
Flaps are required to cover exposed tendons, ligaments, joint 
capsules, and neurovascular bundles [2]. Reconstruction 
should provide a pliable and sensate skin without hindering 
motor function [3,4]. Local flaps near the hand that match the 
texture of the finger may be used but they are limited by the 
flap size and defect location [5]. For example, a reverse dorsal 

Fig. 4. Postoperative 20-month photographs (A) and X-rays (B).
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digital island flap may be used, but the flap size is not sufficient 
to cover an entire phalanx [6]. Distant pedicled flaps may be 
used but it requires at least 2 week period where the defect is 
attached to a distant part of the body which may lead to joint 
stiffness [7,8]. Free flaps can be used for their versatility in size, 
shape, and positioning [2]. For degloved digits, the flap should 
be thin, pliable, yet broad enough to cover the entire digit. 
Large flaps such as free abdominal, radial forearm free flap, 
dorsalis pedis flap, anterolateral thigh flap, thoracodorsal artery 
flap, lateral arm flap, and medial sural artery flap can be uti-
lized, but results in poor cosmetic and functional outcome. 
They also result in cosmetically unacceptable donor site scars. 
A great toe wrap around flap can be used specifically for thumb 
reconstruction but is not suitable for the remaining phalanx 
[9,10]. 

The advantage of using free hypothenar free includes excel-
lent skin thickness, color and texture, and pliability of finger. 
Functional and cosmetic appearance are relatively good [1]. 
The hypothenar area skin is also unique in that it consists of 
both dorsal and palmar side skin of the hand. Thus, the dorsal 
part of the hypothenar skin can be used to reconstruct the dor-
sal part of the finger and the palmar side of the hypothenar 
skin can be oriented to cover the palmar side of the finger. The 
palmar skin of the fingertip is important in sensory function 
[10]. Thus, using palmar skin for reconstruction of palmar skin 
is ideal. Harvesting as a sensate flap shows excellent sensory re-
covery [10]. The great challenge of using hypothenar free flap 
in resurfacing a circumferential degloved finger is that flap vol-
ume is only sufficient to cover semi-circumferentially. In our 
case, this was overcome by using two flaps to cover the radial 
and ulnar side each. 

There are also disadvantages of hypothenar flap including 
difficult pedicle dissection. Temporary congestion can be ob-
served, which can be alleviated using bleeding or medical 
leeches. Due to the bulkiness of flap, additional skin graft may 
be required to cover the raw surface to avoid pedicle compres-
sion [10]. However, these disadvantages are outweighed by the 
advantages of hypothenar flaps in finger soft tissue reconstruc-
tion. 

In conclusion, reconstruction of a degloved finger due to 
trauma or wide excision of skin cancer as in this case is a great 
challenge. Reconstruction requires abundant soft tissue that 
also matches the color, texture, and thickness of both the volar 
and dorsal sides of the original finger skin. Using free hypothe-
nar flap qualifies these qualities in that it consists of both the 
dorsal and volar sides of the hand. The limited amount of soft 

tissue to cover an entire finger can be overcome by using two 
flaps from both hands as in this case. Thus, using bilateral free 
hypothenar flap is an excellent choice in resurfacing an entirely 
delgoved finger. 
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Introduction 

A penetrating injury due to a plant thorn in the hand may cause pain, swelling, 
stiffness, or decreased range of motion in the affected finger joint, and sometimes 
may present with chronic monoarthritis, infectious tenosynovitis, pyogenic ar-
thritis, or osteomyelitis. Most of these injuries can be managed with conservative 
treatment including oral antibiotics administration. However, surgical treatment 
such as debridement, removal of the remnant foreign body, or synovectomy of 
the tendon sheath or affected finger joint may be required depending upon the 
progression [1-4]. 

The authors experienced two patients who underwent conservative treatment 
for prick injuries due to a plant thorn, resulting in the rupture of the extensor dig-
itorum communis (EDC) tendon. The characteristics of these patients are dis-
cussed along with literature review. 

This case report was approved by the Institutional Review Board of Konyang 
University Hospital (No. KYUH 2021-12-023-003). Written informed consent 
was obtained for the publication of this case report including accompanying im-
ages. 

Case report 

1. Case 1 
A 47-year-old male patient presented with pain and swelling of the right dorsal 
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Case Report
Penetrating injuries due to a plant thorn in the hand may occur during outdoor activi-
ties. We experienced two patients with rupture of the extensor digitorum communis 
(EDC) tendon in extensor zone V caused by plant thorn injuries. Both patients, present-
ing with pain and swelling around the third metacarpophalangeal joint, had a history 
of penetrating injuries due to plant thorns. The injuries had been ineffectively treated 
with oral antibiotics. Plain radiographs showed soft tissue swelling without a foreign 
body and bony lesions. Enhanced magnetic resonance imaging confirmed a rupture of 
the EDC tendon at the third extensor zone V. Tendon ruptures were diagnosed 27 and 
60 days after injury, respectively. A plant thorn injury in the hand can cause persistent 
synovitis around the tendon, and as a result, progress to tendon rupture. A magnetic 
resonance imaging examination may be helpful if symptoms do not improve for a pro-
longed period after plant thorn injury. 

Keywords: Plant thorn, Extensor digitorum communis tendon, Magnetic resonance 
imaging, Rupture  
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hand (Fig. 1A). He had a history of being stabbed by a plant 
thorn in the dorsal hand while working outdoors about 2 
months earlier. He stated that he was injured by the thorn of 
Japanese Elm during environmental cleanup work in a military 
unit. He was treated with oral antibiotics at a private hospital 
with pain and swelling around the third metacarpophalangeal 
(MCP) joint, but the symptoms did not improve. The physical 
examination revealed tenderness and an approximate 10°exten-
sion lag in the third MCP joint. There was no local heating or 
fluid fluctuation around the third MCP joint. He had no co-
morbidities such as diabetes mellitus, gout, or rheumatoid ar-
thritis. Plain radiographs of the right hand showed mild swell-
ing of the dorsal hand, but no bony abnormality or residual 
foreign material (Fig. 1B). On enhanced magnetic resonance 
imaging (MRI), subcutaneous edema and rupture with retrac-
tion of the EDC tendon in the dorsal aspect of the third meta-
carpal head were confirmed (Fig. 1C, 1D). The results of labo-
ratory tests at the time of presentation were within the normal 
ranges. Intraoperatively, turbid fluid collection, tenosynovitis, 
and about 90% rupture of the third EDC tendon in extensor 
zone V were noted (Fig. 1E). However, residual foreign body 
and perforation of joint capsule were not observed. The necrot-

ic tissue was debrided, and the ruptured tendon was sutured 
directly. Intraoperative cultures including gram stain, acid-fast 
bacteria stain, bacterial culture, fungal culture, and the tuber-
culosis/non-tuberculosis polymerase chain reaction test had 
negative results. The histopathological examination confirmed 
chronic inflammation without foreign material. Postoperative-
ly, antibiotic treatment using first-generation cephalosporin 
was performed for 2 weeks. And cast immobilization including 
the MCP joint was applied for 4 weeks. Three months after sur-
gery, the patient showed a 10° extension lag and 90° flexion of 
the third MCP joint, without interfering with daily activities or 
signs of recurrent infection (Fig. 1F, 1G). Since no residual for-
eign body could be identified during the operation, a telephone 
interview was conducted to check whether the symptom has 
recurred. And there has been no recurrence of symptoms so 
far, more than 2 years after surgery. 

2. Case 2 
A 54-year-old male complained of swelling of the left dorsal 

hand, and pain and limitations of motion in the left third finger 
(Fig. 2A). His job was to hunt harmful animals such as wild 
boars, and he stated that he had felt a penetrating feeling on his 

Fig. 1. (A) In a photograph, swelling around the third metacarpophalangeal joint of the right dorsal hand was observed. (B) A lateral 
radiograph showed mild swelling of the dorsal hand without residual foreign material. (C) Sagittal magnetic resonance imaging (MRI) 
(enhanced T1 fat-suppressed) showed subcutaneous edema and rupture with retraction of the extensor digitorum communis (EDC) 
tendon at the dorsal aspect of the third metacarpal head. (D) Axial MRI (enhanced T1 fat-suppressed) showed fluid collection and 
disappearance of the EDC tendon. (E) Intraoperatively, a nearly complete rupture of the third EDC tendon was confirmed. (F and G) 
Photographs showed recovery of the range of motion at the final follow-up.
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dorsal hand while walking around the mountains about 4 
weeks ago. At that time, he said he did not find any visible 
thorns. Although he took oral antibiotics, the symptoms did 
not improve. He had no comorbidities. On physical examina-
tion, swelling and tenderness around the left third MCP joint 
were found and active motion of affected finger was limited. 
Plain radiographs showed swelling of the dorsal hand without 
other abnormal findings. MRI revealed a rupture of the EDC 
tendon at the dorsal aspect of the third metacarpal head (Fig. 
2B). Also, because enhanced MRI showed diffuse synovial 
thickening and enhancement around affected joint, infectious 
arthritis was suspected (Fig. 2C, axial image). The results of 
laboratory tests were within the normal ranges. Intraoperative-
ly, tenosynovitis with synovial hypertrophy, residual foreign 
material, and complete rupture of the third EDC tendon in the 
extensor zone V were noted (Fig. 2D). Synovitis and perfora-
tion of the third MCP joint capsule, and erosion of the articular 
cartilage were also confirmed (Fig. 2E). Since no findings sug-
gestive of the infectious arthritis were observed, intraarticular 
debridement was not performed, only around perforation of 
joint capsule. After the necrotic tissues were debrided, the rup-
tured tendon was directly repaired (Fig. 2F). The intraoperative 

cultures had negative results. Histopathological analysis con-
firmed chronic inflammation with foreign material. Postopera-
tively, antibiotics were administrated for 2 weeks. Cast immobi-
lization was applied for 4 weeks. Three months after surgery, 
the patient showed a 10° extension lag and 75° flexion of the 
third MCP joint, without interfering with daily activities or 
signs of recurrent infection. 

Discussion  

A penetrating injury of the hand can easily occur during dai-
ly or professional activities and can be caused by various agents 
such as metal, nails, needles, glass, fish bones, wood splinters, 
or thorns. The risk of infection depends upon the type and 
properties of the foreign objects, as well as the timing and du-
ration of symptom presentation, the location and depth of pen-
etration, the environment of the injury, previous treatment, and 
the immune status of the patient [3,4]. A penetrating injury due 
to foreign material should be properly evaluated to determine 
whether or not surgical exploration is needed in the early stag-
es. Because patients may not be aware of retained foreign mate-
rial, physicians should make efforts to confirm the presence of 

Fig. 2. (A) Swelling of the left dorsal hand was observed in a photograph. (B) T1 sagittal magnetic resonance imaging (MRI) showed 
rupture of the extensor digitorum communis (EDC) tendon at the dorsal aspect of the left third metacarpal head. (C) Axial MRI (enhanced 
T1 fat-suppressed) showed fluid collection and disappearance of the EDC tendon. Infectious arthritis was also suspected because diffuse 
synovial thickening and enhancement at the third metacarpophalangeal joint was found. (D) Intraoperatively, an approximately 2-mm 
foreign body was found in a hypertrophied synovium of the ruptured third EDC tendon. (E) The necrotic tissues, including the dorsal joint 
capsule, were debrided. (F) The ruptured tendon was directly repaired.
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foreign material and localize it [3]. Plain radiography, ultraso-
nography, and computed tomography can be used to detect re-
tained foreign material, but MRI has the limitations of cost, in-
spection time, expense, and the characteristics of the images 
[4]. The composition of the foreign material must be confirmed 
because organic matters such as wood and vegetable are related 
to increased inflammation in soft tissue compared to metal or 
glass objects and as a result, has a higher risk of infection [3,4]. 
Foreign materials penetrating the skin can induce granuloma 
formation related to a foreign body reaction, and can mostly be 
treated with conservative management or removal of the for-
eign material [1]. However, this injury may present as various 
complications, which include persistent pain, foreign body sen-
sation or reaction, local cellulitis, synovitis or tenosynovitis, 
monoarthritis, abscess, infectious tenosynovitis, septic arthritis, 
and osteomyelitis [5,6]. The treatment of patients with compli-
cations should be approached by dividing the presentation into 
superficial and deep involvement [7]. Also, if an infection is 
observed, active treatment such as antibiotics or surgical de-
bridement should be performed [1,6,8]. 

Because of anatomical characteristics of the dorsal hand, 
even deep structures such as the extensor tendon sheath and 
joint capsule are vulnerable by the penetrating injury, resulting 
in deep infections like infectious tenosynovitis or infectious ar-
thritis. In this study, deep infection was observed as a form of 
delayed rupture of the EDC tendon, which has not been previ-
ously reported in the English literatures. Flexor tendon rupture 
secondary to a catfish spine injury was reported to occur 1 to 2 
days after the initial injury, but this rupture was likely caused 
by the residual sharp spine [9]. The presented cases were treat-
ed for 2 months and 4 weeks after the incident, respectively, 
and surgery was delayed because there was no foreign material 
on the initial radiography. It seems that sustained inflammation 
caused by a foreign body reaction continued and as a result, the 
tendon ruptured, and the histological examination confirmed 
chronic granulomatous inflammation, not a suppurative infec-
tion. 

Doctors often encounter patients who are stabbed by the 
pointed part of a plant during outdoor activities. Although oral 
antibiotic administration is sometimes necessary, most can be 
treated conservatively or by only removing the foreign body. 
Since the symptoms are not severe in the early stage of injury, 
the diagnosis is likely to be delayed even in patients with com-
plications [2]. In the cases of this study, the occurrence of ten-
don ruptures related to plant thorn injuries was not be consid-

ered in course of conservative treatment. Therefore, if the 
symptoms of a finger affected by a penetrating injury do not 
improve, the involvement of deep structures should be suspect-
ed. MRI examination may be helpful in determining the extent 
of the involved lesion and the condition of the tendons. More-
over, because organic matter induces more severe inflammato-
ry response than inorganic matter, the penetrating injury due 
to this matter should be observed more carefully. 
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Introduction 

The distal radius fracture is one of the most common fractures in the forearm. 
Acceptable alignment fractures can be treated nonoperatively and commonly 
have a good clinical outcome [1]. However, it is necessary to inform patients 
about complications associated with conservative treatment, like delayed tendon 
injury or carpal tunnel syndrome [2]. 

Delayed tendon injury is a common complication of distal radius fractures. Af-
ter conservative treatment, the tendon rupture most commonly involved is the 
extensor pollicis longus (EPL). If delayed rupture of the EPL occurs, a tendon 
transfer or tendon graft is usually required to restore function [3]. 

We found delayed rupture of extensor carpi radialis longus (ECRL) and exten-
sor carpi radialis brevis (ECRB) associated with distal radius fracture. Delayed 
rupture of ECRB and ECRL due to unrecognized distal radius fracture has not 
been reported, so we report the clinical course and literature review. 

Case report 

This report was approved by the Institutional Review Board of SMG-SNU Bo-
ramae Medical Center (No. 20-2022-79). Written informed consent for publica-
tion of the clinical images was obtained from the patient. 

A 71-year-old female patient presented to our institution with weakness during 
extension for 1 year and a palpable mass on the dorsum of the left wrist. She had 
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Case Report

Conservative treatment shows favorable results for minimally displaced fractures of 
the distal radius. A commonly reported complication associated with distal radius 
fractures is delayed tendon rupture. The extensor pollicis longus tendon is the tendon 
that has most commonly been reported to be injured in distal radius fractures. This re-
port provides a new case of delayed rupture of the extensor carpi radialis longus and 
extensor carpi radialis brevis tendons after conservative treatment of a distal radius 
fracture, along with a review of the literature. 

Keywords: Radius fractures, Conservative treatment, Tendon injury, Extensor carpi ra-
dialis longus, Extensor carpi radialis brevis  
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a trauma history of the left wrist 16 months ago, but she did not 
seek medical attention. She experienced the right distal radius 
fracture and was treated by open reduction and internal fixa-
tion by volar locking plate fixation technique four years ago. 
On the physical examination, motor power for wrist extension 
was grade 4, and about 2.0 × 2.0 cm-sized mass was palpated on 
the dorsal aspect of the 2nd to 3rd metacarpal bone base area. 
Plain radiographs of the left wrist showed a slightly reduced 
volar tilt by 5° that suspected a previous fracture (Fig. 1). How-
ever, it was impossible to compare with the contralateral wrist 
because of previous surgery. The patient had not received any 
other treatment, such as steroid injections for her left wrist, and 
she was a housewife, not a heavy wrist worker. The musculo-
skeletal radiologist suspected a fibroma or giant cell tumor of 
the tendon sheath by confirming a 2.0 × 2.0 × 1.5-cm mass on 
the ECRB and ECRL on the ultrasound examination (Fig. 2). 
On ultrasonography, the continuity of ECRB and ECRL ap-
peared intact. 

The first operation under local anesthesia was performed for 
excision with a biopsy of the mass. However, the mass was not 
soft tissue and was identified as a distal remnant of ruptured 
ECRL and ECRB tendon (Fig. 3). Additional surgical explora-
tion was conducted in the 3-cm range near the Lister’s tubercle, 
but proximal stumps could not be observed. It was difficult to 
take more time to search the proximal stumps and reconstruc-
tion due to the tourniquet. The operator ended the operation 
for further evaluation and reconstruction planning. The mag-
netic resonance imaging (MRI) demonstrated a total rupture of 

ECRL and ECRB tendon and showed the proximal stumps 
were at 6 cm proximal from Lister’s tubercle. An osteophyte, 
sharply protruding to the second extensor compartment, was 
seen on implying a previous fracture (Fig. 4). 

The second operation was performed 2 weeks after the first 
surgery. On surgical exploration, each proximal end of the 
ECRL and ECRB tendon was totally ruptured, but the tendon 

Fig. 1. Plain radiographs of the left wrist. (A) Posterior anterior 
view and (B) lateral view. A decreased volar tilt angle was seen on 
the lateral view.

Fig. 3. Intraoperative photograph of the first operation planned 
for mass excision. The mass was the remnant of the ruptured 
extensor carpi radialis longus and extensor carpi radialis brevis 
tendons.

AA BB

Fig. 2. Transverse ultrasonography image shows a well-circumscribed, 
hypoechoic mass (arrow) on the dorsum of the second and third 
metacarpal bases.
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sheath was intact, which was misread intact tendon by sonog-
raphy (Fig. 5). Each distal end of tendon rupture was debrided 
and the protruded osteophyte was removed. Two palmaris lon-
gus tendons were harvested from each forearm, and ECRB and 
ECRL were reconstructed (Fig. 6). Postoperatively, the hand was 
immobilized in a short arm splint with the wrist in 30° exten-
sion for 2 weeks. After the suture stitch-off, a removable splint 
was applied for 4 weeks with mild wrist joint exercise. Eight 
weeks after surgery, the patient regained full range of motion 
and strength of wrist extension as contralateral wrist (Fig. 7). 

Discussion 

Tendon injury is one of the common major complications of 
distal radius fracture and EPL rupture is a common tendon in-
jury associated with conservative treatment [2]. The incidence 

Fig. 5. The proximal ends of the ruptured extensor carpi radialis 
longus and extensor carpi radialis brevis tendons were identified 
with intact sheaths.

Fig. 4. Magnetic resonance imaging obtained after the first 
operation. The images revealed a large osteophyte (arrows) sharply 
protruding into the second extensor compartment in (A) the 
coronary plane and (B) axial plane.

Fig. 6. Tendon reconstruction of the extensor carpi radialis longus 
and extensor carpi radialis brevis was performed with autologous 
palmaris longus tendon obtained from both forearms.
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of EPL tendon rupture is about 3% to 5% of conservative treat-
ment [4]. Extensor tendon ruptures other than the EPL tendon 
are very rare. Only two case reports described concomitant 
rupture of the EPL and extensor digitorum communis tendon 
[5,6]. The rupture usually occurs from 6 weeks to 3 months 
postoperatively without pain. Extensor rupture is believed to 
occur more frequently after minimally displaced and nondis-
placed distal radius fractures [4]. The extensor retinaculum on 
the third dorsal compartment is intact in non-or minimal dis-
placed distal radius fracture. Therefore hematoma, swelling, 
edema, and fracture callus contribute to narrowing of space 
available for the EPL tendon in the third dorsal compartment. 
Eventually, the EPL tendon gradually becomes devitalization 
and ruptures [7]. 

Flexor tendon ruptures in conservative treatment of distal ra-
dius fractures were different mechanisms from the EPL rupture 
such as malunited bones or sharp bony spurs [8]. Malunion-in-
duced flexor tendon injury was caused by attrition of the ulnar 
head or radius volar cortex prominence. Flexor tendon injuries 
commonly occur in the flexor digitorum profundus and are 
most often caused by a protruded ulnar head [8]. 

This case demonstrates a rare type of delayed tendon rupture 
after conservative treatment of distal radius fracture in both the 
ECRL and ECRB tendon, not the EPL tendon. Considering the 
previous literature, the rupture of the ECRL and ECRB tendons 
is most likely due to osteophyte, unlike EPL. Hirasawa et al. [7] 
reported the ECRL and ECRB tendon has a more abundant 
vascularized sheath than the EPL tendon and may be less rup-
tured. There are reports about a closed rupture of the ECRL 
and ECRB tendon, but in case of multiple extensor tendon rup-
tures during high-energy injury like a motor vehicle accident 

[9], or of abrupt extension/flexion of the wrist like striking a 
boxing bag [10]. This case was a minimally displaced fracture, 
not heavy labor, and only a sharp osteophyte on the second 
compartment was identified. Therefore, the rupture of ECRL 
and ECRB is likely due to osteophyte. 

This report means the treating physicians should be noted 
and explain to patients the possibility of rupture in extensor 
tendons other than the EPL tendon when treating nondisplaced 
distal radius fracture. In addition, after fracture union is 
achieved, computed tomography or MRI evaluation may be 
performed to confirm risky osteophytes to evaluate the possi-
bility of tendon injury. Furthermore, if ECRB and ECRL injury 
occurred, a normal function could be regained through recon-
struction. For early detection of sharp osteophyte, it seems that 
a plain radiograph comparison with the unaffected side could 
be helpful. However, in this case, there was a malunion defor-
mity of the contralateral radius due to the previous surgical 
history so it was hard to initially find sharp osteophyte which 
result in the extensor tendon rupture by plain radiograph. The 
physicians should notice the normal range of radiologic fea-
tures on the distal radius and be aware of the possibility of a 
rare type of extensor rupture. 

ORCID 

SeongJu Choi, https://orcid.org/0000-0003-0524-6977 
Joonha Lee, https://orcid.org/0000-0002-6080-5914 
Choong Ryul Lee, https://orcid.org/0000-0003-3444-266X 
Yohan Lee, https://orcid.org/0000-0002-2078-3167 
Jeoung Seok Yu, https://orcid.org/0000-0001-6993-0343 

Fig. 7. (A) A clinical photograph shows a limited extension of the left wrist with less motor power than the right wrist. (B) Six weeks 
postoperatively, nearly a full range of extension and motor power was found.
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Introduction 

Microsurgical reconstruction for traumatic soft tissue defects of hand is one of 
the most challenging fields for surgeons [1]. Traumatic hand defects usually have 
a complex level of injuries involving partial or total loss of local vasculature, ten-
don, or bone exposures which often requires free flap coverage [2]. While various 
parameters such as the magnitude of trauma, infection, postoperative manage-
ment, and surgical judgment influence clinical outcomes, perhaps the most criti-
cal factors for flap success may be the surgical technique and recipient vessel sta-
tus [1]. In terms of these two factors, the pediatric population is a particularly 
challenging subgroup [1]. 

Nowadays, thanks to the development of microsurgical tools and surgical tech-
niques, it is demonstrated that microsurgeries in children and adults show similar 
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Purpose: Microsurgery in pediatric patients remains challenging because of technical 
difficulties in small-vessel anastomosis and flap dissection. Few reports have focused 
exclusively on the microsurgical reconstruction of traumatic hand defects in children. 
Herein, we share our experience of posttraumatic hand reconstruction with free tissue 
transfer in pediatric patients and compare the treatment outcomes with adults. 
Methods: A single-institution retrospective review of trauma-induced microsurgical 
hand reconstruction cases was performed. Pediatric patients below 17 years old and 
adults who underwent microsurgical reconstruction of traumatic hand defects be-
tween 2011 and 2021 were included. Patient demographics, flap type, use of vein 
grafts, operative time, flap survival, and postoperative complications were document-
ed. A subgroup analysis of patients younger than 8 years was also performed. Data of 
pediatric patients were statistically compared with those of adults who underwent 
free flap surgery using nearly identical surgical procedures by four senior surgeons at 
our medical center. 
Results: Forty-one flaps in 39 pediatric patients and 184 flaps in 184 adult patients 
were analyzed. Fasciocutaneous flaps were predominantly used in both groups. In pe-
diatric patients, all flaps survived, while 170 adults (92.4%) survived. No statistically 
significant between-group differences in treatment outcomes were found. However, 
pediatric patients (22.0%) had significantly fewer secondary operations than adults 
(67.4%, p<0.001). 
Conclusion: Microsurgical reconstruction for trauma-induced hand defects in pediat-
ric patients has a high success rate and low complication rate, just as with adults. Pe-
diatric patients may be more resistant to partial necrotic flap changes, thereby requir-
ing fewer secondary operations than adults. 

Keywords: Pediatric, Microsurgery, Hand injuries, Soft tissue injury
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success rates and complication rates [3]. Most past clinical re-
ports, however, included a heterogeneous group of pediatric 
patients, involving variously different defect causes such as 
trauma, tumor, congenital malformation, scar contracture, etc. 
Also, most studies failed to focus on specific anatomic regions, 
including defects in head and neck, flank, and upper and lower 
extremities. Considering the importance of defect cause and 
location in determining surgical success, studies relying on het-
erogeneous population may have some limitations in drawing 
meaningful conclusions [1,3]. 

Compared with other causes like post-tumor resection, free 
flap on traumatic defects tends to show a lower success rate [1]. 
After trauma, it is hard to precisely assess the extent of vascular 
injuries due to anatomical distortions. Moreover, trauma is 
likely to induce secondary perivascular fibrosis and inflamma-
tion, leading to a higher rate of thrombotic complications after 
surgery [1]. However, few studies are focused on trauma-in-
duced defects in children. Most of them include both elective 
free flap and replantation from multi-centered patient groups 
and did not make a direct comparison with corresponding 
adult groups [4]. Those studies narrowed down to trauma, and 
failed to focus specifically on hand defects [1,3,5-11]. 

In this study, we focused on the homogeneous pediatric pop-
ulation who had posttraumatic hand defects treated with free 
flap surgery in the past 10 years. Direct comparison was made 
between the clinical outcomes of the pediatric group of 39 pa-
tients and the adult group of 184 patients. 

Methods 

Ethics statement: This study design was approved by the Institu-
tional Review Board of Gwangmyeong Sungae General Hospital 
(No. KIRB-2020-N-003). Written informed consent was obtained 
for publication of this report and accompanying images.

A retrospective study was conducted on 39 patients under 
the age of 17 years old, and 184 adult patients who received 
elective microsurgical reconstruction for coverage of trau-
ma-induced hand defects between 2011 January and 2021 De-
cember (Table 1). The surgery was done in a single medical 
center by similar surgical procedures carried out by four senior 
surgeons. 

Our exclusion criteria were free flaps performed for defects 
other than trauma, emergent replantation, and recipient sites 
other than hand. Clinical data collected included patient demo-
graphic data including body mass index (BMI), level of injury, 

donor site, flap size, the diameter of anastomosed artery and 
veins, use of vein graft, operation time, hospital day, flap sur-
vival, and complications (i.e., secondary operation, transfusion, 
emergent revision, infection, and donor-site complications) 
(Table 1). In addition, subgroup analysis was done for pediatric 
patients under the age of 8 years, and we compared them with 
the adult group. 

Statistical analysis was done using Fisher exact test (or chi-
square test) for categorical variables, and Mann-Whitney U-test 
was applied for continuous variables such as artery and vein di-
ameter, operation time, or hospital day. Statistical significance 
was considered at p < 0.05.  

1. Intraoperative and postoperative care  
Intraoperative heparinized saline was used for irrigation of 

vessels in all patients. For postoperative systemic anticoagula-
tion, 120 mg/kg of heparin sodium injection (low molecular 
weight heparin; Hanlim Inc., Yongin, Korea) was infused for 
pediatric patients daily and 2,400 mg for the adult group. In 
addition, prostaglandin E1 (Eglandin; Mitsubishi Tanabe Phar-
ma Inc., Osaka, Japan) was intravenously used for 1 week (2 
µg/kg for the pediatric group and 10 µg for the adult group dai-
ly). There was no routine pain control for both the pediatric 
and adult groups, and intravenous antibiotics were applied for 
2 weeks after the surgery. Immobilization by arm restraints was 
carried out for 1 week. Postoperative monitoring of flaps was 
done by direct clinical observation checking flap color, capil-
lary refill, pinprick, and also by hand-held Doppler examina-
tion [3,12]. 

2. Demographics 
A total of 39 pediatric patients received 41 cases of free flap 

after hand trauma, and 184 adult patients received 184 cases 
from 2011 to 2021. The mean age of the pediatric group was 11 
years old (12 months to 17 years old). The mean age of the 
adult group was 45 years old. Of the 39 pediatric patients, 34 
were male (87.2%), similar to 160 male patients in the adult 
group (87.0%). The BMI of pediatric patients was 19.1 kg/m2, 
which falls under the normal range of the general pediatric 
population. Among the pediatric group, soft tissue defect was 
mostly at distal level (distal to distal interphalangeal [DIP] 
joint) with 25 cases, followed by nine cases in the middle level 
(DIP joint to proximal phalanx), and seven cases in proximal 
(metacarpophalangeal joint to hand). In the adult group, distal 
level soft tissue defects were in 86 cases, 42 cases in the middle, 
and 56 cases in the proximal level. Flap sizes of the pediatric 
group range from 1.3 to 108 cm2 (11.8 cm2 in average). Various 
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types of donor sites were used in both groups, and a partial 2nd 
toe pulp-free flap was the most common donor site for both 
groups (Tables 1, 2). The mean ± standard deviation of the fol-
low-up period for the pediatric group was 12.4 ± 3.1 months; 
and for the adult group, it was 19.1 ± 5.6 months. 

Results 

1. Type of flaps 
Fasciocutaneous flaps were predominantly used in both pe-

diatric and adult groups, with partial 2nd toe free flaps (Fig. 1) 
accounting for 23 cases (56.1%) in the pediatric group and 84 

Table 1. Demographics, locations, and mechanisms of injury, outcomes, and complications of pediatric patients

Patient Sex/age (yr) Mechanism of injury Injury site Injury level Donor Flap size (cm)
1 M/2 Bicycle chain Rt. thumb, index MCPJ SCIP 7.0×2.0
2 M/15 Punching machine Lt. index Finger pulp Partial second toe pulp 3.0×1.5
3 M/16 Metal desk Rt. middle Finger pulp Partial second toe pulp 2.0×1.0
4 M/4 Stone cutter Lt. middle Finger pulp Partial second toe pulp 1.5×1.0
5 M/17 Rolling machine Rt. ring Proximal phalanx Second toe plantar 1.5×1.5
6 M/17 Door hinge Lt. ring Finger pulp Partial second toe pulp 1.0×2.0
7 M/7 Rolling machine Lt. small Proximal phalanx Forearm (venous) 2.0×1.5
8 M/17 Cannon Lt. index Finger pulp Partial second toe pulp 2.5×1.5
9 M/5 Press machine Lt. index Finger pulp Partial second toe pulp 1.4×1.2
10 M/16 Press machine Rt. index Volar, dorsum ALT facial 5.0×2.0
11 M/12 Fall down Lt. ring PIPJ Forearm (venous) 2.0×1.5
12 M/13 Press machine Rt. hand Dorsum ALT 12.0×6.0
13 M/4 Door hinge Rt. index Finger pulp Partial second toe pulp 1.5×1.0
14 M/16 Bicycle chain Lt. small DIPJ Partial second toe pulp 3.0×1.2
15 M/16 Pipe cutter Lt. index Finger pulp Partial second toe pulp 2.0×1.5
16 M/16 Traffic accident Rt. hand First web ALT 12.0×4.0
17 F/7 Fitness equipment Rt. small PIPJ Partial second toe pulp 1.5×4.0
18 M/16 Press machine Rt. thumb /hand PIPJ/palm ALT/medial plantar 18.0×8/7.0×4.5
19 F/6 Door hinge Rt. ring PIPJ Partial second toe pulp 1.4×3.0
20 M/16 Press machine Lt. thumb Finger pulp Partial second toe pulp 2.5×1.3
21 M/17 Iron plate Rt. index Finger pulp Partial second toe pulp 2.5×1.5
22 M/17 Rolling machine Lt. index Finger pulp Partial second toe pulp 2.5×1.0
23 M/15 Door hinge Lt. index Finger pulp Partial second toe pulp 2.0×2.0
24 M/14 Snake bite Rt. middle PIPJ Anconeus /second toe joint 3.5×3.0/1.5×1.0
25 M/17 Onion peeler Lt. small DIPJ Partial second toe pulp 3.0×1.5
26 M/10 Iron plate Lt. ring DIPJ Forearm (venous) 2.5×1.0
27 M/15 Traffic accident Rt. middle Finger pulp Thenar 3.0×1.5
28 F/12 Traffic accident Lt. hand Dorsum ALT 12.0×5.0
29 F/3 Door hinge Rt. middle Finger pulp Partial second toe pulp 1.2×0.8
30 M/17 Rolling machine Rt. index PIPJ Forearm (venous) 3.5×1.5
31 M/2 Meat grinder Lt. hand Palm SCIP 7.0×5.0
32 M/7 Door hinge Rt. middle Finger pulp Partial second toe pulp 1.8×1.3
33 M/1 Farm equipment Rt. thumb Finger pulp Partial second toe pulp 1.3×1.2
34 M/17 Iron plate Rt. index Finger pulp Partial second toe pulp 2.5×1.5
35 M/16 Rice cake cutter Rt. middle Finger pulp Thenar 2.0×1.5
36 F/2 Farm equipment Rt. middle Finger pulp Partial second toe pulp 1.1×1.2
37 M/17 Hammer Rt. index DIPJ Partial second toe pulp 2.0×1.0
38 M/2 Door hinge Lt. ring Finger pulp Partial second toe pulp 2.0×1.0
39 M/1 Door hinge Lt. index Finger pulp Thenar 2.0×1.0

Rt., right; MCPJ, metacarpophalangeal joint; SCIP, superficial circumflex iliac artery perforator; Lt., left; ALT, anterolateral thigh; PIPJ, proximal 
interphalangeal joint; DIPJ, distal interphalangeal joint.
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Table 2. Comparison of the choice of flaps between the pediatric and adult patients

Flap type Pediatric group Adult group
Fasciocutaneous
 Anterolateral thigh free flap 4 (9.8) 43 (23.4)
 Medial plantar free flap 1 (2.4) 0 (0)
 Superficial circumflex iliac artery perforator flap 2 (4.9) 0 (0)
 Venous forearm free flap 4 (9.8) 15 (8.2)
 Thenar free flap 3 (7.3) 23 (12.5)
 Partial second toe pulp free flap 23 (56.1) 84 (45.7)
  Second toe plantar free flap 1 (2.4) 1 (0.5)
 Becker’s free flap 0 (0) 2 (1.1)
 Radial artery superficial palmar branch free flap 0 (0) 2 (1.1)
Osteocutaneous
 Second toe joint free flap 1 (2.4) 1 (0.5)
 Second toe transfer 0 (0) 1 (0.5)
Fascial
 Anterolateral thigh fascial free flap 1 (2.4) 6 (3.3)
 Lateral arm fascial free flap 0 (0) 5 (2.7)
Musculocutaneous
 Anconeus muscle free flap 1 (2.4) 0 (0)
 Latissimus dorsi muscle free flap 0 (0) 1 (0.5)
Total 41 (100) 184 (100)

Values are presented as number (%).

cases (45.7%) in the adult group. In the pediatric group, os-
teocutaneous (2nd toe joint free flap), fascial (anterolateral 
thigh [ALT] fascial free flap), and musculocutaneous flap (an-
coneus muscle free flap) were used in one case each. Similarly, 
in the adult group, 11 cases were fascial flaps, which are fol-
lowed by one osteocutaneous and one musculocutaneous flap 
each (Table 2). 

2. Artery and vein diameter 
The diameter of artery and vein anastomosed were measured 

by intraoperative photos during chart review. The mean artery 
diameter of pediatric patients was 0.58 mm (range, 0.2–1.0 
mm), and the vein was 0.73 mm (range, 0.2–1.2 mm). This sig-
nificantly decreased in the subgroup of patients under the age of 
8 years. The mean artery diameter of the subgroup was 0.38 mm 
(range, 0.2–0.7 mm), and vein was 0.32 mm (range, 0.2–0.5 
mm). As anticipated, the diameter increased in the adult group, 
with the mean artery diameter of 0.84 mm (range, 0.4–2.0 mm), 
and vein was 0.83 mm (range, 0.4–1.3 mm). Three groups (i.e., 
pediatric, subgroup, and adult) showed a significant increase in 
vessel diameters with age (p<0.001) (Tables 3–5).  

3. Flap survival  
All 41 cases in the pediatric group have survived, but 14 out 

of 184 adult cases failed (over 60% of flap surface lost). Howev-
er, the flap survival rate of the pediatric group did not statisti-
cally differ from that of the adult group (100% vs. 92.4%, re-
spectively; p = 0.133) (Tables 3–5). 

4. Complications 
Emergent reexploration was needed in two cases of the pedi-

atric group (4.9%), with one arterial spasm and one arteriove-
nous thrombosis. Both cases were successfully salvaged after 
revision. There was no revision case in subgroup patients under 
the age of 8 years. In the adult group, 20 cases of revision were 
undergone (10.9%); but comparing this result with pediatric 
(p = 0.383) and subgroup (p = 0.369), these differences were not 
significant (Tables 3–5). 

Secondary operations such as split-thickness skin graft, local 
flap, or stump revision were done in nine pediatric cases 
(22.0%), of which five were in the subgroup (35.7%). However, 
in the adult group, 123 cases of operations (66.8%) were need-
ed, which split-thickness skin grafts accounted for the most 
(42.4%). Each difference between the pediatric group and the 
adult group (p < 0.001) and between the subgroup and the adult 
group (p = 0.022) was statistically significant. Adult patients 
more frequently needed secondary operations than pediatric 
and subgroup patients (Tables 3–5). 
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Fig. 1. The examples of 2nd toe pulp free flap done on pediatric 
pateint. (A) Twenty-three-month-old girl with soft tissue defect 
on right middle finger pulp and her preoperative X-ray after being 
injured by the fruit sorting machine. (B) Intraoperative photo 
during donor harvest. 1.2×1.1 cm sized fasciocutaneous flap was 
elevated from right 2nd toe pulp. (C) Immediate postoperative 
photo after flap insetting on finger pulp. (D) A 27-month follow-
up photo at the outpatient clinic.

cant (Tables 3–5). 
The mean operation time was 188 minutes in the pediatric 

group (p = 0.405) and 164 minutes in the subgroup (p = 0.234). 
This was nearly the same in the adult group, which showed to 
be 184 minutes in length. In addition, the average hospital day 
for the pediatric group, the subgroup, and the adult group were 
28.1, 28.4, and 35.3 days each. There was a significant differ-
ence in hospital days between the pediatric group and the adult 
group (p = 0.002), but not with the subgroup (p = 0.052) (Tables 
4, 5). 

Discussion 

Initial concerns about the technical difficulties of small vessel 
size, higher vasospascity, and limitations in selecting appropri-
ate donor sites surgeons have been reluctant to offer microsur-
gery for pediatric traumatic defects [3,7,9]. A number of studies 
proved that treatment outcomes are nearly the same as adults 
[3,5,6]. Nevertheless, most of these clinical reports included a 
rather heterogeneous patient group with defects caused by 
trauma to post-tumor resection, and with various anatomical 
locations [1]. 

Considering that free flap on traumatic defects tends to show 
a lower success rate than other defect causes, possibly due to 
posttraumatic anatomical distortions and secondary perivascu-
lar fibrosis and inflammation, it is highly valuable to sort out 
only trauma-induced cases and make a homogeneous analysis 
[1]. Moreover, since hand is relatively intricate by nature with 
smaller vessel diameters compared to other body parts, it seems 
that comparing the outcomes of a homogeneous pediatric pop-
ulation with hand defects with the corresponding adult popula-
tion is meaningful.  

Initially, it was believed that 0.7 mm is the lower limit of safe 
microscopic anastomosis in young children [1]. However, re-
cent studies have shown high flap success rates of over 95% in 
children, which is similar to that of adults [13]. It is nowadays 
believed that generally, small vessel size does not necessarily 
lead to flap failure since the ‘relative size’ of a pediatric vessel is 
not smaller than adults [4,14]. Also, it is believed that vaso-
spasm is not more common in children, partly because chil-
dren usually have no vascular disease leaving the vessels as in a 
pristine state. Moreover, studies suggest that the immature pe-
diatric vessel walls lack muscularis layers, hence less likely to 
cause vasospasm [4,6]. Our findings correspond to these beliefs 
since both pediatric and subgroup patients had no significant 
difference with adults in terms of emergent revision rates or 
flap survival rates, although with a marked difference in the di-

AA

CCBB

DD

Infection was present in four cases in the pediatric group 
(9.8%); but all of them were superficial, requiring only systemic 
antibiotics for treatment. There was no infection in the sub-
group. In the adult group, 18 cases were present in total (9.8%), 
with 17 superficial and one deep tissue infection which re-
quired surgical drainage. The difference in infection rate be-
tween the pediatric group and the adult group (p > 0.999) and 
between the subgroup and the adult group (p = 0.621) was not 
statistically significant (Tables 3–5). 

Five pediatric patients needed transfusion after surgery 
(12.2%, p = 0.158), and two of them were under the age of 8 
years (p = 0.204). On the other hand, 10 adult patients needed 
transfusion (5.4%) and these differences were also not signifi-

https://doi.org/10.12790/ahm.22.0021


Arch Hand Microsurg 2022;27(4):320-328

https://doi.org/10.12790/ahm.22.0021 325

Table 5. Comparison of vessel diameter and treatment outcomes between the pediatric subgroup and adult group

Variable Pediatric subgroup <  8 yr 
(n=14) Adult group p-value

Artery diameter (mm) 0.38 0.84 <0.001*
Vein diameter (mm) 0.32 0.83 <0.001*
Flap survival (%) 100 92.4 0.605
Emergent revision (%) 0 10.9 0.369
Secondary operation (%) 35.7 67.4 0.022*
Infection (%) 0 9.8 0.621
Transfusion (%) 14.3 5.4 0.204
Operation time (min) 164 184 0.234
Hospital day 28.4 35.3 0.052

*p<0.05, statistically significant.

Table 4. Comparison of vessel diameter and treatment outcomes between the pediatric and adult groups

Variable Pediatric group Adult group p-value
Artery diameter (mm) 0.58 0.84 <0.001*
Vein diameter (mm) 0.73 0.83 <0.001*
Flap survival (%) 100 92.4 0.133
Emergent revision (%) 4.9 10.9 0.383
Secondary operation (%) 22 67.4 <0.001*
Infection (%) 9.8 9.8 >0.999
Transfusion (%) 12.2 5.4 0.158
Operation time (min) 188 184 0.405
Hospital day 28.1 35.3 0.002*

*p<0.05, statistically significant.

Table 3. Comparison of postoperative complications between the pediatric and adult groups

Postoperative complication Pediatric group Adult group
Flap loss 0 (0) 14 (7.6)
Emergent revision
 Arterial spasm 1 (2.4) 12 (6.5)
 Venous thrombosis 0 (0) 4 (2.2)
 Arterial and venous thrombosis 1 (2.4) 4 (2.2)
Secondary operation
 STSG 5 (12.2) 78 (42.4)
 Local flap 3 (7.3) 33 (17.9)
 STSG+local flap 0 (0) 12 (6.5)
 Stump revision 1 (2.4) 0 (0)
Infection
 Superficial 4 (9.8) 17 (9.2)
 Deep tissue 0 (0) 1 (0.5)
 Osteomyelitis 0 (0) 0 (0)
Donor-site complication 0 (0) 2 (1.1)
Transfusion 5 (12.2) 10 (5.4)

Values are presented as number (%).
STSG, split-thickness skin graft.
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ameters of vessels (Tables 4, 5). 
Previously, choosing the donor site was mainly focused on 

flap survival. Hence, donor sites with consistent anatomies 
such as rectus abdominis flap or latissimus dorsi muscle flaps 
were preferred. Recently the paradigm of donor selection has 
shifted to seeking ‘less donor morbidity,’ as high success rates 
were guaranteed [1,5,7,8]. Besides, the donor choice for chil-
dren needs extra care due to high growth potential [10]. As a 
result, recently fasciocutaneous flaps and perforator-free flaps 
have become popular due to supple tissue volume, great 
growth potential, less donor morbidity, and the versatility to 
change into full-thickness skin grafts [7]. This recent trend 
resonates in our study as fasciocutaneous flaps such as venous 
forearm flap (Fig. 2) and perforator-free flaps such as ALT free 
flap (Fig. 3) accounted for a vast majority of both pediatric 

(56.1%) and adult group (45.7%). There were no donor-site 
complications for the pediatric group and only two cases of 
adult groups had donor dehiscence, which was managed by 
secondary closure. Although various types of flaps were used, 
there was an obvious preference for certain donor sites (i.e., 
2nd toe pulp). This seems to contribute to a higher flap surviv-
al rate as a single surgical team gets more skilled after repeat-
ing the same type of surgery [2]. 

The only outcome that had a statistically significant differ-
ence between the three groups were secondary operations. Pe-
diatric patients had only 21.9% of secondary operation rates, 
and subgroup patients under the age of 8 years, had 35.7% of 
STSG or local flaps. However, a much higher number of adult 
patients (67.4%) received secondary surgery. The reason might 
be that some adult patients have vasculopathies such as type 2 
diabetes, hypertension, and atherosclerosis, while all pediatric 
patients have fully pristine vessel lumens [4,6]. Besides, since 
adult patients needed larger flaps, the larger flap size combined 
with hindersome blood flow may cause more partial necrotic 
changes around flap margins. 

Infections were rare, with only four cases of pediatric patients 
and 17 cases of adult patients suffering minor superficial cellu-
litis. Only one case of the adult group suffered from deep tissue 
infection with purulent discharge. We were able to manage the 
deep tissue infection through serial aseptic dressings in the op-
eration room [12]. 

Unlike the previous studies in which nearly 40% of pediatric 

Fig. 2. The examples of venous fasciocutaneous forearm flap 
done on pediatric patient. (A) Ten-year-old boy with soft tissue 
defect and extensor tendon exposure, after a crushing injury by a 
metal plate. An X-ray after the initial open reduction and internal 
fixation surgery. (B) A venous fasciocutaneous flap was harvested 
from the left forearm. (C) Intraoperative photo of vein anastomosis 
with vein diameter of 0.5 mm. (D) A 36-month follow-up photo at 
the outpatient clinic.

Fig. 3. The examples of anterolateral thigh flap done on pediatric 
patient. (A) Ten-year-old girl came with an extensive soft tissue 
defect on her left-hand dorsum run by a traffic accident. (B) 
An anterolateral thigh free flap was planned and a 12×5 cm 
sized fasciocutaneous flap was harvested in the left thigh. (C) 
Intraoperative photo during anastomosis, showing artery diameter 
of 0.7 mm. (D) A 20-month follow-up photo at the outpatient 
clinic.
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patients needed transfusion [1], 12.2% of pediatric patients 
(14.3% of subgroup patients) and 5.4% of adult patients needed 
a transfusion. Although statistically insignificant, the subgroup 
had the highest rate and adults had the lowest rate of transfu-
sion. This supports our belief that as smaller the body size and 
less body fluid, the more patients are prone to blood loss. How-
ever, the rate of transfusion may be biased, as the decision for 
initiating transfusion is subjective and the exact blood loss of 
each patient was not calculated. 

The limitation of this study is the short follow-up period of 
pediatric group patients (12.4 months in average), which is not 
sufficient to fully assess the long-term functional outcomes. 
Due to this short follow-up period, we could not assess the do-
nor and recipient growth. In addition, since this study relied on 
retrospective chart review, we could not objectively analyze the 
functional parameters such as 2-point discrimination sensory 
check, hand grip power, DASH (Disabilities of Arm, Shoulder 
and Hand) score, etc [1,13,15]. Moreover, although the surgical 
procedures were similar, the fact that operations were under-
gone by four different senior surgeons may present bias since 
the ‘surgeon factor’ is one of the most important factors in sur-
gical outcomes. Finally, our age of patient selection was under 
17 years old, similar to other reports [5,7,8,12]. However, there 
is a study claiming that the surgical technique and process of 
those over 10 years old are almost the same in adults [3]. 
Among 39 pediatric patients in our study, some of them may 
be not appropriate to represent pediatric physiology and ana-
tomic features. 

Conclusion 

Microsurgical reconstruction for trauma-induced hand de-
fects in the pediatric population may bring us a high success 
rate and low complication rate just as adults. The pediatric 
population may be more resistant to partial necrotic flap 
changes and require fewer secondary operations than adults do. 
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Introduction 

Venous skin ulcer is the most severe form of chronic venous disease, which af-
fects 1% to 3% of the general population and up to 4% of people aged ≥ 80 years 
[1,2]. The high recurrence rate of chronic venous ulcer (CVU) can cause signifi-
cant physical and emotional distress to the patient, as well as high socioeconomic 
losses. Moreover, the incidence of CVU tends to increase with age and obesity, re-
sulting in a gradual increase in social loss. It has been reported that 2.5 million to 
3.0 million Americans are affected by venous insufficiency, with at least 600,000 
patients suffering from chronic leg ulcers; as a result, the annual economic bur-
den has reached up to $15 billion [3]. Although it is not a life-threatening disease, 
patients with CVU experience a significant decline in quality of life due to the 
high recurrence rate and severity of the symptoms. Despite this, a standardized 
treatment regime for CVU has not been established. 

The key points for the treatment of CVU are wound management and lifelong 
compression therapy. Compression therapy is known to be an effective method 
for reducing edema and controlling venous hypertension, which has been identi-
fied as the cause of venous ulcers, and is actively used to treat venous ulcers [4,5]. 
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Purpose: This study conducted a comparative analysis of the effectiveness of 
split-thickness skin grafts (STSGs) and free flaps of the lateral thoracic region per-
formed for coverage after extensive debridement in patients with difficult-to-treat 
chronic venous ulcers (CVUs) with severe symptoms. 
Methods: This retrospective, single-center study included 20 patients (28 cases) with 
CVUs. Patients who received an STSG or free-flap procedure were included in the 
study. Data comparing these two groups were analyzed. 
Results: The STSG and free-flap groups showed no significant differences in patient 
demographics. There was no significant difference in wound size before and after de-
bridement between the two groups (before, 52.25±58.03 cm2 vs. 37.69±32.83 cm2, 
p=0.407; after, 210.92±202.80 cm2 vs. 142.63±84.01 cm2, p=0.291). Wound disruption 
was not significantly different between the groups (p=0.231). However, a significant 
difference was found in recurrence between the STSG group (n=7, 58.3%) and the 
free-flap group (n=1, 6.3%) (p=0.004). 
Conclusion: Free-flap surgery may be a good option for difficult-to-treat, recurrent 
CVU. Because venous ulcers require extensive debridement, a lateral thoracic region 
free flap, which enables the harvest of large and various forms of flaps, could be the 
best choice for microsurgery. 

Keywords: Venous ulcer, Skin transplantation, Free tissue flaps
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Moreover, various biophysical therapies, including ultrasonog-
raphy, electrostimulation, and phototherapy, have been used in 
recent years to treat CVU, while other methods, including stem 
cell therapy, plasma therapy, oxygen therapy, and antitumor ne-
crosis factor therapy, have also been attempted. However, the 
clinical efficacy of these treatment modalities still needs to be 
proven and many of these methods are still in the experimental 
stage [6]. 

Surgical treatment is designed to promote the improvement 
of venous drainage and recovery of tissue damage, for which 
sclerotherapy, ligation or ablation of veins, venous valve recon-
struction, and endoscopic perforator vein surgery may be con-
sidered. However, approximately one in five venous ulcer cases 
show no healing after 1 year despite such treatment [4]. For pa-
tients with repeated recurrence and severe open wounds, ex-
tensive debridement of pigmentation, eczema, and lipoderma-
tosclerosis near the CVU may be unavoidable. Furthermore, a 
skin graft and tissue free-flap procedure may be performed on 
the defect that results from debridement. 

The objective of the present study was to compare and assess 
the effectiveness of a split-thickness skin graft (STSG) and the 
free flap of lateral thoracic region procedure performed for 
coverage after extensive debridement at Hanyang University 
Medial Center in patients with a difficult-to-treat CVU with 
severe symptoms. 

Methods 

Ethics statement: The study was conducted with approval from 
the Institutional Review Board of Hanyang University College of 
Medicine (No. 2022-05-007). Written informed consent for publi-
cation of the clinical images was obtained from the patient.

The study was a retrospective study of patients with CVU 
who received surgical treatment in our institution between May 
2013 and January 2022. The diagnosis of CVU was based on a 
clinical diagnosis; among patients with pain, fatigue, and heavi-
ness in the legs, those with the severe form of open wounds 
with edema, hyperpigmentation, and eczema were diagnosed 
with CVU. The patients who received simple debridement and 
negative-pressure wound therapy were excluded from the 
study. Only patients who received STSG and free flap of lateral 
thoracic region procedures were included in the study; data 
comparing these two groups were analyzed. 

1. Patients 
Patient demographics and characteristics were obtained from 

electronic medical records. Sex, age, body mass index (BMI), 
defect size, and comorbidities (diabetes mellitus, hypertension, 
and rheumatoid arthritis) were included. The same patient re-
ceiving multiple rounds of STSG, patients who underwent a 
subsequent free-flap procedure after STSG, and the same pa-
tient receiving surgical treatment on other affected areas were 
all included in the study data as separate cases. 

2. Surgical methods 
All surgical procedures were performed by three experienced 

surgeons as a one-stage operation with concurrent debride-
ment and coverage. Debridement involved wide excision of at 
least 2 cm and up to 11 cm from the wound margin. The extent 
of the debridement was decided based on the clinical determi-
nation on tissue conditions such as pigmentation and lipoder-
matosclerosis near the wound; the focus was on sufficient exci-
sion more than the defect size to be covered after debridement. 
Debridement was performed up to the suprafascial layer, and if 
the ulcer was already deeper than that, excision was performed 
including the muscle layer depending on the wound state. 
During the procedure, visibly abnormal vessels were ligated. 
Two methods were used for coverage. For STSG, the skin was 
harvested from the thigh according to the defect size, and when 
necessary, meshed STSG or Matriderm (MedSkin Solutions Dr. 
Suwelack AG, Billerbeck, Germany) was used. For the free-flap 
procedure, we selected the lateral thoracic area as the donor site 
and mainly used the right side. The flap was harvested in vari-
ous forms, such as a perforator, musculocutaneous, or chimeric 
flap, depending on the defect size and character. For the perfo-
rator type, the thoracodorsal artery perforator flap was used, 
and for the musculocutaneous type, the latissimus dorsi muscle 
was used. In addition, in the case of the chimeric type, the tho-
racodorsal artery perforator flap and the serratus anterior mus-
cle flap were harvested together and used. As we mentioned 
above, since debridement was performed on the suprafascial 
layer, a perforator flap that can obtain a thin flap for aesthetic 
benefit after coverage was preferred. However, when an appro-
priate perforator could not be found or the depth of the defect 
was up to the muscle layer, a musculocutaneous flap type was 
used to acquire more sufficient volume. In the case of a chime-
ric-type flap, it was performed when a deep vessel was exposed 
after debridement or when a defect in some muscle layer re-
mained after coverage using a perforator flap. For the recipient 
vessel, the anterior tibial or posterior tibial vessel was used de-
pending on the location of the defect; it was determined by ref-
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erencing preoperative computed tomography angiography re-
sults (Fig. 1). 

The choice of surgical method was decided according to the 
surgeon’s judgment comprehensively considering clinical fea-
tures including defect size and vessel patency. Procedures such 
as perforator ligation surgery, sclerotherapy, and valve surgery 
were not performed before surgery. And in both groups, com-
pression therapy was started 2 weeks after surgery if there were 
no complications. Compression was initially performed using 
an elastic bandage and was replaced with compression gar-
ments when the wound was stabilized and maintained continu-
ously. Recurrence was defined as a newly discovered skin ulcer 
in the covered area or surrounding area within 6 months after 
surgery, regardless of the surgical method. 

3. Statistical analyses 
Categorical data were expressed as a percentage and analyzed 

using the chi-square or Fisher exact test. Continuous variables 
were calculated as the mean and standard deviation for com-
parison with a two-sided t-test and Levene test of equal vari-
ances. In cases where the same patient had received multiple 
surgical treatments, the outcome of each surgical treatment was 
analyzed separately according to the surgical method. The sta-
tistics derived reflect the data at the time of surgery. A p-value 

of < 0.05 was considered statistically significant. All analyses 
were performed using IBM SPSS Statistics ver. 25 (IBM Corp., 
Armonk, NY, USA). 

Results 

A total of 20 patients were included in the study: seven re-
ceived STSG, 13 received free-flap procedures, and four re-
ceived both. A comparison between the STSG and free-flap 
groups showed no significant difference in sex (p = 0.253). Fur-
thermore, there was no significant difference in mean age be-
tween the STSG (46.5 ± 18.45 years) and free-flap groups 
(52.0 ± 16.30 years) (p = 0.411). In addition, no significant dif-
ferences in height (p = 0.860) or BMI (p = 0.302) were observed 
between the two groups. Measurement of ulcer size before de-
bridement showed a larger mean defect size in the STSG group 
(52.25 ± 58.03 cm2) than in the free-flap group (37.69 ± 32.83 
cm2); however, the difference was not significant (p = 0.407) 
(Table 1). 

There were 12 cases in total of STSG, of which Matriderm 
and meshed STSG were used in two each. The mean period for 
recurrence of venous ulcer after STSG was 5.14 ± 6.72 months. 
Meanwhile, there were 16 free-flap procedures, in which all pa-
tients had a history of receiving surgical treatment before the 

Fig. 1. A 27-year-old male patient with a chronic venous ulcer in the left lower leg previously received split-thickness skin grafts 
twice but relapsed. He complained of severe pain and recurring open wounds, which caused a detrimental impact on his daily life. (A) 
A skin ulcer with necrotic tissue, pigmentation of the surrounding soft tissue, and lipodermatosclerosis is observed. (B) After extensive 
debridement of the skin ulcer and surrounding tissue, coverage was performed using a thoracodorsal artery perforator flap. The posterior 
tibial vessel was used as the recipient vessel. (C) A photograph taken 9 months after surgery. No recurrence was observed, and the 
previous symptoms had all disappeared. In addition, the degeneration of the surrounding skin was resolved, providing satisfactory 
aesthetic results.
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flap procedure. There were 11 patients who had previously re-
ceived STSG for skin ulcers, and there was one who received up 
to four rounds of skin graft due to continued recurrence after 
the surgery. The mean follow-up period after the free-flap pro-
cedure was 35.63 ± 28.27 months. With respect to the flap type, 
a perforator and musculocutaneous flap were harvested in 10 
and three cases, respectively, while a chimeric type of flap was 
harvested in three cases, in which the serratus anterior muscle 
was elevated together with the thoracodorsal artery perforator 
flap. The mean flap size was 152.00 ± 91.83 cm2. Partial flap loss 
occurred in three cases; healing was achieved in all cases 
through dressing and revision under local anesthesia. Mean-
while, there were no cases of total flap loss (Table 2). 

Measurement of ulcer size after surgical debridement also 
showed a larger mean defect size in the STSG group (210.92 ±  
202.80 cm2) than in the free-flap group (142.63 ± 84.01 cm2), 
just as with before debridement, although the difference was 
not significant (p = 0.291). Wound disruption after coverage 
was found in five and three cases, respectively, showing no sig-
nificant difference between the groups (p = 0.231). Wound dis-
ruption occurred in one of the two cases in which Matriderm 
was used with STS, and was healed by dressing. With respect to 
recurrence, there was a significant difference in recurrence be-
tween the STSG (n = 7, 58.3%) and free flap groups (n = 1, 
6.3%) (p = 0.004; Table 3). 

Discussion 

For CVU, surgical treatment such as sclerotherapy, valve re-
construction, and perforator vein surgery could be considered 
for improvement of the venous system causing CVU. However, 
patients with the chronic venous disease who have more severe 
pain and itching or have an open wound (Clinical-Etiolo-

gy-Anatomy-Pathophysiology classification C6) may need 
more aggressive treatment. The treatment could be designed to 
remove the venous system that is causing the problem by per-
forming extensive debridement on the wound and surrounding 
tissues that have begun to deform, followed by coverage of the 
defect. 

Bitsch et al. [7] performed STSG on chronic leg ulcer cases 
and analyzed the prognosis of traumatic, arterial, and venous 
ulcers; STSG performed on venous ulcer cases showed a recur-

Table 1. The patients’ characteristics

Characteristic STSG Free flap p-value
No. of cases 12 16
Sex, male:female 9 (75.0):3 (25.0) 8 (50.0):8 (50.0) 0.253
Age (yr) 46.5±18.45 52.0±16.30 0.411
Height (cm) 168.60±5.51 163.31±9.98 0.086
Body mass index (kg/m2) 25.11±3.77 23.16±5.51 0.302
Comorbidity
 Hypertension 5 (41.7) 3 (18.8) 0.231
 Diabetes melliuts 2 (16.7) 3 (18.8) >0.999
 Rheumatoid arthritis 1 (8.3) 5 (31.3) 0.196
Wound size (cm2) 52.25±58.03 37.69±32.83 0.407

Values are presented as number only, number (%), or mean ± standard deviation.
STSG, split-thickness skin graft.

Table 2. Free flap characteristics

Characteristic Data (n=16)
Previous STSG history 11 (68.8)
Follow-up (mo) 35.63±28.27
Flap type
 Perforator 10 (62.5)
 Musculocutaneous 3 (18.8)
 Chimeric 3 (18.8)
Flap size (cm2) 152.00±91.83
Flap loss
 Partial 3 (18.8)
 Total 0 (0)

Values are presented as number only, number (%), or mean ± standard 
deviation.
STSG, split-thickness skin graft.

Table 3. Surgical outcomes

Variable STSG (n=12) Free flap (n=16) p-value
Defect size (cm2) 210.92±202.80 142.63±84.01 0.291
Wound disruption 5 (41.7) 3 (18.8) 0.231
Recurrence 7 (58.3) 1 (6.3) 0.004

Values are presented as number (%) or mean ± standard deviation.
STSG, split-thickness skin graft.
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rence rate of 14% after 1 year. However, other studies have 
shown that recurrence is more common after a skin graft for 
CVU. Turczynski and Tarpila [8] performed STSG in 51 cases 
of venous ulcer and reported a recurrence rate of 43%, with a 
mean period of 4 months until such recurrence. Moreover, 
Abisi et al. [9] reported a recurrence rate of 42% based on a fol-
low-up of up to 4 years in 72 cases of venous ulcers. In the pres-
ent study, the recurrence rate after STSG was 58.3%, which was 
relatively higher than that of previous studies, while long-term 
follow-up of at least 1 year showed recurrence in all patients. 
Such findings indicated that it would be difficult to resolve ve-
nous hypertension, which is the fundamental cause of CVU, by 
debridement and coverage with simple tissue-like skin. STSG 
may be an option for incurable CVUs, but considering the 
pathophysiology of venous ulcers, a long-term therapeutic ef-
fect may not be expected, and as a result, there may be frequent 
recurrences. 

Meanwhile, coverage by a free flap has been reported in vari-
ous previous studies. Kumins et al. [10] reported no recurrence 
based on a long-term follow-up after a free-flap procedure us-
ing the rectus abdominis or latissimus dorsi in 24 cases of 
non-healing venous ulcer, including recurrences after STSG. 
Isenberg [11] treated CVU using a radial forearm fasciocutane-
ous free flap and reported satisfactory outcomes in short- and 
long-term follow-ups. In the present study, treatment of venous 
ulcers using a free flap showed a recurrence rate of 6.3%, which 
was significantly lower than that of 58.3% after STSG. It is be-
lieved that this could be due to the free flap resolving venous 
stasis caused by the dysfunctional venous valve, which has been 
identified as a cause of venous ulcers. Healthy tissue harvested 
for the free-flap procedure contains many normal valves, which 
can store and drain venous blood by replacing abnormal tissue 
[10]. While sclerotherapy [12], valvuloplasty [13], and emboli-
zation/ligation of veins, perforator vessels, and feeding vessels 
[14] are being attempted as surgical treatment for venous insuf-
ficiency, these are procedures performed on localized veins and 
are methods that simply “repair” the abnormal vein system. On 
the other hand, free-flap surgery that can “replace” many 
healthy venous systems can theoretically be a fundamental 
treatment modality for venous ulcers. Healthy tissue grafted in 
this manner can block the hemodynamic vicious cycle by re-
solving congestion in the existing lesion, which can affect tis-
sues surrounding the flap [15]. In addition, highly vascularized 
free-flap tissue can achieve an improvement in abnormal ves-
sels within several months after the surgery, and as a result, the 
venous system beyond the flap and venous insufficiency can be 
improved to lower the likelihood of recurrence. In this sense, 

the free-flap procedure could be a good option for the surgical 
treatment of venous ulcers.  

Previous studies have pointed out that recurrence, especially 
a newly formed ulcer from the flap margin, is caused by insuf-
ficient debridement of lipodermatosclerotic tissue near the ul-
cer that may have appeared as normal skin during the previous 
surgery [4,11,16]. Theoretically, sufficient debridement could 
be a solution to this problem. In the surgical treatment of ve-
nous ulcers, the removal of many abnormal vessels and tissues 
by extensive debridement around the lesion is essential for a 
better prognosis. However, since coverage must also be consid-
ered, the extent of debridement is limited. Therefore, when 
considering coverage using free flaps, this is an important point 
in donor site selection. 

In 1979, Watson et al. [17] became the first to attempt micro-
vascular transfer of a latissimus dorsi muscle flap on the lower 
extremity. Different types of flaps, including the anterolateral 
thigh, superficial circumflex iliac artery perforator, gracilis, ra-
dial forearm, and rectus abdominis flap, are used to reconstruct 
the lower extremities [18-21]; however, the free tissue transfer 
of the lateral thoracic region could be preferred more by pa-
tients with a venous ulcer of lower extremities. 

There are several advantages to treating CVU by selecting the 
lateral thoracic region as the donor site. First, as described 
above, extensive debridement is essential in the surgical treat-
ment of venous ulcers, and so a tissue that can cover a wide 
range is required. The lateral thoracic region for free-flap tissue 
can be viewed as an appropriate choice since a large flap can be 
obtained. In the case of thoracodorsal artery perforator flaps, a 
skin paddle sized up to 12 × 25 cm can be harvested [22]. Ciu-
dad et al. [23] reported clinically satisfactory outcomes by har-
vesting a flap 15 × 30 cm in size using the e xtended fleur-de-lis 
method. Second, in venous ulcer cases with exposed tendon, 
muscle, or bone after extensive debridement, a sufficient width 
and volume of the flap must be assured. Thus, there is the ad-
vantage of elevating various forms of flaps together, with a 
musculocutaneous flap and a chimeric flap harvested from the 
serratus anterior muscle. Mahajan et al. [24] reported the suc-
cessful reconstruction of 47 traumatic extensive lower extremi-
ty wounds with latissimus dorsi-serratus anterior chimeric 
flaps. Tachi et al. [25] covered complex soft tissue and bone de-
fects after osteomyelitis with a chimeric-type flap using latissi-
mus dorsi myocutaneous flap and scapula bone. As in previous 
studies, in the present study, coverage was performed by har-
vesting different types of flaps depending on the defect, from 
which favorable treatment outcomes were achieved. In addi-
tion, the outcomes were aesthetically satisfactory. 
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The risk of recurrence exists from a long-term perspective, 
and skin grafts are still widely used as surgical treatment for 
CVU [26,27]. On the other hand, surgical treatment using the 
free flap has the disadvantage of requiring microsurgery, al-
though it offers the major advantage of fundamentally resolv-
ing venous insufficiency. Ultimately, free tissue transfer has an 
advantage in that it can reduce the recurrence rate of incurable 
CVU, which is a problem due to frequent recurrence after 
treatment. The significance of the present study can be found 
in the fact that it directly compared the two surgical treatment 
methods most widely used for CVU, besides perforator surgery 
or venous ablation that focus on venous manipulation. Howev-
er, the present study was a single-center retrospective study; 
thus, there are limitations in generalizing the findings. Because 
of such reasons, there may be selection bias when selecting 
STSG or free-flap procedures for treating CVU. In patients with 
a wider ulcer, STSG may have been preferred over a free flap 
due to the burden of coverage. However, despite the differences 
in the wound and defect sizes, there was no significant differ-
ence between the two groups. Moreover, because cases involv-
ing the same patient receiving multiple rounds of STSG or pa-
tients who received STSG subsequently receiving the free-flap 
procedure were all included as individual cases, each case may 
lack independence.  

Conclusion 

Free-flap surgery may be a good option for difficult-to-treat, 
recurrent CVU. Based on the nature of venous ulcers that re-
quire extensive debridement, a free flap from the lateral thorac-
ic region that enables the harvesting of large and various forms 
of flaps could be the best choice for microsurgery. 
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Original Article

Purpose: Wide excision and subsequent reconstruction of the defect are crucial pillars 
in the treatment of soft tissue sarcoma (STS); however, those procedures carry a rela-
tively high risk of postoperative complications, which could raise oncologic concerns. 
The present study evaluated the association of postoperative complications after re-
section and immediate reconstruction with STS recurrence. 
Methods: We reviewed patients with primary STS who underwent wide resection and 
immediate reconstruction between 2011 and 2019. Patients were categorized into 
three groups based on their postoperative inflammatory complication status: no com-
plications, noninflammatory complications, and inflammatory complications. Inflam-
matory complications were defined as those involving a sustained elevation of inflam-
matory markers in laboratory tests after postoperative 2 weeks. The cumulative inci-
dence of oncologic events and their respective hazard ratios (HRs) were evaluated us-
ing multivariable Cox regression analyses. 
Results: In total, 94 patients with a median follow-up of 54.8 months were analyzed, 
including 17 with inflammatory complications, 17 with noninflammatory complica-
tions, and 60 with no complications. The three groups showed similar baseline charac-
teristics except for older age and a lower rate of FNCLCC (Fédération Nationale des 
Centres de Lutte Contre Le Cancer) grade 3 in the inflammatory complications group. 
The inflammatory complications group showed significantly worse disease-free surviv-
al than the no complications group. This difference remained significant after adjust-
ment for other variables in multivariate analyses (HR, 3.485; p=0.019). The develop-
ment of noninflammatory complications was not associated with oncologic outcomes. 
Conclusion: Our findings suggest that the development of inflammatory complica-
tions following wide excision and immediate reconstruction may be associated with 
the recurrence of STS. 

Keywords: Sarcoma, Reconstructive surgical procedures, Inflammation, Postoperative 
complication

Introduction 

Soft tissue sarcoma (STS), a heterogeneous subtype of malignant tumors con-
sisting of more than 100 different histologic subtypes, displays a range of invasive 
potential and different oncologic prognoses [1,2]. Although it is difficult to gen-
eralize, surgical excision with a sufficient safety margin and solid reconstruction 
using various modalities are the mainstay of treatment. In a majority of cases, the 
resulting soft tissue defects may be closed primarily; however, those following ex-
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cision of a large tumor or having insufficient soft tissue near 
the defect could raise the need for the reconstruction of soft 
tissue. In those cases, surgical reconstruction plays an essential 
role in providing adequate functional coverage of defects [3]. 

Although soft tissue reconstruction can provide effective lo-
cal tumor control while facilitating limb salvage, it has inher-
ent drawbacks including prolonged operation time, increased 
procedural complexity and wider spanned surgical fields, 
which may increase the risks of postoperative complications. 
In addition to the burden of the complication itself, there has 
been a concern regarding whether its development may lead 
to increased risks for the recurrence of original cancer [4]. 
Therefore, numerous studies have reported the potential asso-
ciation of postoperative complications with an increased risk 
of recurrence of gastric, colorectal, and breast cancer [5-7]. 
The suggestive mechanism, though not fully elucidated, is that 
inflammatory response caused by the postoperative complica-
tions could influence local residual and/or dormant tumor 
cells via inflammatory mediators, eventually triggering tumor 
recurrence [6,8-11]. 

In this regard, a few studies have investigated the potential 
association between postoperative complications and oncologic 
outcomes in STS as well [12-14]. However, they provided con-
flicting results, with one showing no correlation [12] but the 
other two suggesting postoperative complications as an inde-
pendent predictor of disease-specific survival [13,14]. These 
inconsistent results might be attributable to a lack of classifying 
the postoperative complications according to the presence of 
systemic inflammation, the proposed mechanism for other pri-
mary malignancies [6,8-11]. 

Therefore, here we hypothesized that inflammatory postop-
erative complications were associated with STS recurrence, 
while noninflammatory ones were not. To test this hypothesis, 
this study evaluated the association between postoperative 
complications and oncologic outcomes in patients with STS 
who underwent wide resection and immediate reconstruction, 
with dividing the complications according to accompanying by 
systemic inflammation or not. 

Methods 

Ethics statement: This study was conducted after obtaining ap-
proval from the Institutional Review Board of Samsung Medical 
Center (No. 2022-07-176). The study was performed in accordance 
with the Declaration of Helsinki, and written informed consent 
was waived due to its retrospective nature.

1. Study population 
We enrolled patients with primary STS who underwent wide 

resection and immediate reconstruction between January 2011 
and December 2019. Patients were excluded if they underwent 
delayed reconstruction or distant metastasis was observed at 
the time of the first diagnosis. 

Each patient’s case and treatment policy was discussed by our 
institution’s multidisciplinary sarcoma tumor board comprising 
surgeons, diagnostic radiologists, pathologists, medical oncolo-
gists, and radiation oncologists. The resection procedures were 
most commonly performed by orthopedic surgeons. Recon-
structive procedures were performed by plastic surgeons, and 
the reconstruction modality was determined by the attending 
surgeon considering the patient’s general health, preference, 
defect location, and defect size. Postoperative sarcoma surveil-
lance was mostly undertaken by orthopedic surgeons and by a 
medical oncologist when neoadjuvant or adjuvant chemothera-
py and/or radiotherapy were required. Physical examinations 
and imaging workups, such as computed tomography or mag-
netic resonance angiography, were performed every 3 months 
for the first year postoperative, every 6 months thereafter until 
postoperative 5 years. 

2. Data acquisition and outcome measures 
Patient demographic data and clinical outcomes were gath-

ered from a prospectively maintained database and electronic 
medical records. Patient characteristics including age, sex, body 
mass index (BMI), comorbidities (hypertension and diabetes), 
smoking status, and American Society of Anesthesiologists 
physical status (ASA PS) classification at the time of surgery 
were collected. Tumor characteristics included location, histo-
logic subtype, size, and Fédération Nationale des Centres de 
Lutte Contre Le Cancer (FNCLCC) histologic grade. Tumor 
size was classified according to the T (size) classification of the 
American Joint Committee on Cancer guidelines, 8th ed. Op-
eration-related characteristics included margin status after final 
resection and the type of reconstruction procedure (local flap, 
free flap, or skin graft). In addition, data on whether neoadju-
vant or adjuvant chemotherapy and/or neoadjuvant or adjuvant 
radiotherapy was administered were collected. Patients with 
hypertension were defined as those taking antihypertensive 
medication at the time of surgery. Diabetes patients were de-
fined as those taking oral diabetes medication and/or insulin at 
the time of surgery. Smokers were defined as active smokers at 
the time of surgery. 

The development of postoperative complications in the re-
constructed area and the presence of sustained systemic in-
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flammation were also assessed. Postoperative complications in-
cluded an emergency return to the operating room due to a 
threatened flap, total flap or graft loss, partial flap or graft loss, 
delayed wound healing, seroma, venous thrombosis, and infec-
tion. Dehiscence was defined as an open wound requiring sur-
gical debridement. Seroma was defined as fluid accumulation 
requiring aspiration and/or revision surgery. Venous thrombo-
sis comprised postoperative deep vein thrombosis caused by a 
thrombus in the legs as well as pulmonary embolism. Infection 
was defined as the requirement for oral or intravenous antibi-
otics and/or surgical irrigation and debridement within 6 
months of immediate reconstruction. If the C-reactive protein 
(CRP) level was not elevated or the infection was restricted to 
the reconstructed area, it was classified as a local infection, 
whereas if the CRP level increased or the infection spread to 
another part of the body, it was classified as a systemic infec-
tion. Among patients who developed postoperative complica-
tions, those with elevated CRP levels (>1.0 mg/dL) in laborato-
ry tests until 2 weeks postoperative [6] were defined as having 
inflammatory postoperative complications. Patients were cate-
gorized into three groups based on the development of postop-
erative complications, with or without systemic inflammation: 
no complications, noninflammatory complications, and in-
flammatory complications. 

The primary outcomes of interest were prognostic outcomes, 
which were identified from medical records. Prognostic out-
comes including recurrence date and type (local and/or region-
al node and distant), date of the last follow-up, and disease sta-
tus at that time were documented. The final follow-up date was 
that on which the patient had last visited the orthopedic sur-
geon or medical oncologist’s outpatient clinic for cancer sur-
veillance or the date of death. Disease-free survival (DFS) was 
calculated as the time interval from the date of the first diagno-
sis to any type of the first occurrence of disease progression or 
death. 

3. Statistical analysis 
The baseline characteristics were compared between groups 

categorized by the development of postoperative inflammatory 
complications. Pearson chi-square test or Fisher exact test was 
used to analyzing categorical variables. Continuous variables 
were analyzed using the Mann-Whitney U-test, one-way analy-
sis of variance, or the Kruskal-Wallis test. Survival curves for 
DFS were calculated and presented using the Kaplan-Meier 
method, and differences among the postoperative inflammato-
ry complication groups were calculated using the log-rank test. 
For the DFS curve, STS recurrence and death during follow-up 

were analyzed. Patients were censored if relevant events did not 
occur during the follow-up period. Uni- and multivariate Cox 
regression analyses were performed to identify independent 
prognostic factors for oncological outcomes, with results ex-
pressed as hazard ratios (HR) and 95% confidence intervals 
(CI). A backward selection model was used for the multivariate 
analyses. The p-values <0.05 were considered statistically sig-
nificant. All statistical analyses were conducted using IBM 
SPSS Statistics ver. 27.0 (IBM Corp., Armonk, NY, USA). 

Results 

During the study period, 129 STS patients underwent wide 
resection and immediate reconstruction. After the application 
of the exclusion criteria, 94 patients were included in the analy-
sis. The baseline characteristics of the study population are 
summarized in Table 1. The mean patient age was 50.8 years 
(range, 8–80 years), and the mean BMI was 25.3 kg/m2 (range, 
16.9–38.45 kg/m2). Of the patients, 67.0% were male; the most 
common tumor location was the lower extremity (40 of 94, 
42.6%). The local flap (46.8%) was the most commonly used 
reconstruction modality, followed by the free flap (37.2%). The 
median follow-up period was 54.8 months. 

Among the 94 patients included in this study, 34 developed 
postoperative complications at the reconstructed site, of which 
delayed wound healing (12.4%) was the most common, fol-
lowed by partial flap loss or skin graft loss (9.6%) and seroma 
(9.6%) (Table 2). Of those developing postoperative complica-
tions, 17 showed sustained elevation of inflammatory markers 
after postoperative 2 weeks, assigned as the inflammatory com-
plications group, and the other showed no elevation of the 
markers, assigned as the noninflammatory group. In compari-
son of baseline characteristics among the three groups, the 
mean age and comorbidities (hypertension and diabetes) dif-
fered significantly (Table 1). The ASA PS classes at the time of 
surgery were distributed differentially, with a higher proportion 
of class II and III patients in the inflammatory complications 
group (64.7% vs. 41.2% vs. 38.3%). The operation-related char-
acteristics were not significantly different across groups except 
for FNCLCC grade, which showed a lower rate of grade 3 in 
the inflammatory complications group (5.9% vs. 17.6% vs. 
18.3%). The final margin status was negative in all cases of the 
inflammatory complications group. The rate of patients receiv-
ing neoadjuvant radiotherapy or adjuvant radiotherapy was 
highest in the noninflammatory complications group. Other 
characteristics were not significantly different among groups. 

Table 3 shows the oncological outcomes of the patients at the 
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Table 1. Comparison of baseline characteristics according to postoperative complication

Characteristic Total Inflammatory 
complication

Noninflammatory 
complication No complication p-value

No. of cases 94 17 17 60
Demographics
 Age (yr) 50.8±15.4 60.0 (55–73) 44 (38–57) 52 (37–59) 0.033
 Sex 0.858
  Male 63 (67.0) 12 (70.6) 12 (70.6) 39 (65.0)
  Female 31 (33.0) 5 (29.4) 5 (29.4) 21 (35.0)
 BMI (kg/m²) 25.3±3.4 25.3 (24.2–28.0) 25.0 (22.1–26.8) 24.8 (23.2–26.8) 0.514
 Hypertension 26 (27.7) 10 (58.8) 2 (11.8) 14 (23.3) 0.007
 Diabetes 8 (8.5) 4 (23.5) 2 (11.8) 2 (3.3) 0.021
 Current smoking 13 (13.8) 1 (5.9) 3 (17.6) 9 (15.0) 0.577
 ASA PS classification 0.061
  I 53 (56.4) 6 (35.3) 10 (58.8) 37 (61.7)
  II 39 (41.5) 9 (52.9) 7 (41.2) 23 (38.3)
  III 2 (2.1) 2 (11.8) 0 (0) 0 (0)
Operation-related
 Tumor site 0.132
  Thoracodorsal 18 (19.1) 3 (17.6) 5 (29.4) 10 (16.7)
  Abdominopelvic 9 (9.6) 3 (17.6) 2 (11.8) 4 (6.7)
  Upper extremity 27 (28.7) 2 (11.8) 2 (11.8) 23 (38.3)
  Lower extremity 40 (42.6) 9 (52.9) 8 (47.1) 23 (38.3)
 Reconstruction type 0.617
  Local flap 44 (46.8) 8 (47.1) 10 (58.8) 26 (43.3)
  Free flap 35 (37.2) 7 (41.2) 6 (35.3) 22 (36.7)
  Skin graft 15 (16.0) 2 (11.8) 1 (5.9) 12 (20.0)
Pathology
 Tumor size (cm) 0.874
  ≤5 52 (55.3) 10 (58.8) 10 (58.8) 32 (53.3)
  >5, ≤10 31 (33.0) 5 (29.4) 7 (41.2) 19 (31.7)
  >10, ≤15 7 (7.4) 1 (5.9) 0 (0) 6 (10.0)
  >15 0 (0) 0 (0) 0 (0) 0 (0)
  Unknown 4 (4.3) 1 (5.9) 0 (0) 3 (5.0)
 FNCLCC grade 0.023
  1 20 (21.3) 2 (11.8) 1 (5.9) 17 (28.3)
  2 39 (41.5) 13 (76.5) 8 (47.1) 18 (30.0)
  3 15 (16.0) 1 (5.9) 3 (17.6) 11 (18.3)
  Unknown 20 (21.3) 1 (5.9) 5 (29.4) 14 (23.3)
 Microscopic margin 0.551
  Negative 89 (94.7) 17 (100) 15 (88.2) 57 (95.0)
  Positive 1 (1.1) 0 (0) 0 (0) 1 (1.7)
  Unknown 4 (4.3) 0 (0) 2 (11.8) 2 (3.3)
Radiotherapy 0.008
  None 78 (83.0) 14 (82.4) 10 (58.8) 54 (90.0)
  Neoadjuvant 5 (5.3) 0 (0) 4 (23.5) 1 (1.7)
  Adjuvant 11 (11.7) 3 (17.6) 3 (17.6) 5 (8.3)
  Both 0 (0) 0 (0) 0 (0) 0 (0)
Chemotherapy 0.665
  None 89 (94.7) 17 (100) 16 (94.1) 56 (93.3)
  Neoadjuvant 1 (1.1) 0 (0) 1 (5.9) 0 (0)
  Adjuvant 3 (3.2) 0 (0) 0 (0) 3 (5.0)
  Both 1 (1.1) 0 (0) 0 (0) 1 (1.7)
Values are presented as number only, mean±standard deviation, or median (interquartile range).
BMI, body mass index; ASA PS, American Society of Anesthesiologists physical status; FNCLCC, Fédération Nationale des Centres de Lutte Contre Le 
Cancer.
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ous locoregional recurrence, while seven (7.4%) were diag-
nosed with distant metastasis during the follow-up period. 
Eight patients (8.5%) died during follow-up, including six of 
disease progression (5.8%) and two of an unspecified cause. Of 
the 17 patients who developed inflammatory complications, six 
(35.3%) were diagnosed with postoperative recurrence. The re-
currence rate in this group was higher than that among patients 
who developed noninflammatory complications (11.8%) or no 
complications (15.0%), but the difference was not statistically 
significant (p=0.157). The rates of local or distant recurrence 
were comparable among the three groups. 

In the Kaplan-Meier analysis, the inflammatory complica-
tions groups showed inferior DFS compared to the control, 
which difference was marginally significant (p=0.071) (Fig. 1). 
The noninflammatory complications group and no complica-
tions group showed similar DFS (p=0.781). In the multivariable 
Cox regression analysis adjusted for other variables, the devel-
opment of postoperative inflammatory complications was asso-
ciated with inferior DFS versus that of patients with no compli-
cations (HR, 3.485; 95% CI, 1.226–9.901; adjusted p=0.019) 
(Table 4). In addition, neoadjuvant chemotherapy had a signifi-
cant influence on DFS after the adjustment for other variables. 
However, the development of noninflammatory complications 
was not an independent predictor of DFS. 

Discussion 

The present study investigated the potential association of a 
sustained systemic inflammatory state with postoperative com-
plications on the STS prognosis of 94 patients who underwent 
the resection of STS and immediate reconstruction. Although 
the majority of patients included in previous studies were those 
in whom primary closure was possible [13,14], this study fo-

Table 2. Postoperative complication profile

Variable Data (n=94)
Wound complications
 Any 34 (36.2)
 Reexploration 5 (5.3)
 Total flap/skin graft loss 2 (2.1)
 Partial flap/skin graft loss 9 (9.6)
 Delayed wound healing 12 (12.4)
 Seroma 9 (9.6)
 Venous thrombosis 1 (1.1)
 Local infection 2 (2.1)
Inflammatory complications
 Any 17 (18.1)
 Reexploration 5 (5.3)
 Total flap/skin graft loss 2 (2.1)
 Partial flap/skin graft loss 4 (4.3)
 Delayed wound healing 5 (5.3)
 Seroma 4 (4.3)
 Venous thrombosis 1 (1.1)
 Local infection 0 (0)
Noninflammatory complications
 Any 17 (18.1)
 Reexploration 0 (0)
 Total flap/skin graft loss 0 (0)
 Partial flap/skin graft loss 5 (5.3)
 Delayed wound healing 7 (7.2)
 Seroma 5 (5.3)
 Venous thrombosis 0 (0)
 Local infection 2 (2.1)

Values are presented as number (%).

Table 3. Outcomes according to the presence of postoperative complications at the first event

Oncologic outcome Overall 
(n=94)

Inflammatory 
complications (n=17)

Noninflammatory 
complications (n=17)

No complications 
(n=60) p-value

Overall recurrence 17 (18.1) 6 (35.3) 2 (11.8) 9 (15.0) 0.157
 Local recurrence 7 (7.4) 2 (11.8) 1 (5.9) 4 (6.7)
 Regional LN recurrence 2 (2.1) 1 (5.9) 0 (0) 1 (1.7)
 Simultaneous locoregional recurrence 1 (1.1) 0 (0) 0 (0) 1 (1.7)
 Distant metastasis 7 (7.4) 3 (17.6) 1 (5.9) 3 (5.0)
Survival 0.562
 Alive 86 (91.5) 15 (88.2) 17 (100) 54 (90.0)
 Dead 8 (8.5) 2 (11.8) 0 (0) 6 (10.0)
Follow-up period (mo) 54.8 57.0 54.0 55.0 0.805

Values are presented as number (%) or median value only.
LN, lymph node.

first STS recurrence event. Overall, 17 patients developed post-
operative STS recurrence. Local recurrence and regional lymph 
node recurrence occurred in seven (7.4%) and two cases 
(2.1%), respectively. One patient (1.1%) developed simultane-
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Fig. 1. Disease-free survival according to the development of postoperative inflammatory complications (Cx).

cused on the oncologic outcomes of patients requiring soft tis-
sue reconstruction who tended to have challenging defects and 
thus had a high tendency to develop postoperative complica-
tions. We further classified their postoperative complications 
according to systemic inflammation status represented by CRP 
levels. Our study results are significant in that this is the first 
study to investigate the association between postoperative in-
flammatory complications and the oncologic prognosis of STS. 

Similar to the previous studies, the most common location of 
the STS was the lower extremity (42.6%) [2]. The 5-year DFS 
rate of our study population (80.2%) with a median follow-up 
of 54.8 months is at least comparable to that of previous studies 
showing 5-year local recurrence-free survival rate of 74.2% [14] 
and 5-year overall survival rate of 79.9% (95% CI, 77.7%–
82.1%) [15]. A slightly superior outcome of this study might be 
attributable to tumor size, as the majority in this study were <5 
cm in diameter. In addition, as the plastic surgery team at our 
institution provided solid reconstructive support to optimize 
the challenging defect with various reconstruction options, all 
patients included in this study were able to undergo radical re-
section with sufficiently wide negative margins by the oncolog-

ic surgeon, enabling complete local tumor control. 
Our data suggest that only sustained inflammatory compli-

cations of the reconstructed area were independent predictors 
of DFS in STS patients, while noninflammatory complications 
had no significant influence on STS recurrence. The associa-
tion between the postoperative elevated CRP level and worse 
prognosis was investigated in a few studies of other gastric ma-
lignancies [16,17], and the findings of our study were analo-
gous to those studies in that only inflammatory complications 
were prognostic factors in STS patients. Recent studies reported 
that a modified Glasgow prognostic score reflecting a high CRP 
level in the preoperative setting of STS patients might have reli-
able prognostic value [18-20], and the increase in preoperative 
CRP level is known to be mainly associated with oncologic 
conditions [18]. Whereas, postoperative CRP levels are consid-
ered more useful for predicting prognosis since they reflect 
both oncological conditions and postoperative inflammatory 
responses [4,16]. The relationship between postoperative CRP 
levels and worse prognosis is also under investigation [17]. 

As previously stated, systemic inflammation represented by 
elevated CRP levels (>1.0 mg/dL) in laboratory tests until 2 
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Table 4. Univariable and multivariable Cox regression analysis to identify the independent associations of each variable with disease-free 
survival

Variable
Univariable analysis Multivariable analysis

p-value HR (95% CI) p-value HR (95% CI)
Age 0.614 0.992 (0.961–1.024)
Sex 0.508 1.386 (0.527–3.643)
Body mass index 0.951 1.004 (0.877–1.151)
Hypertension 0.406 0.589 (0.169–2.051)
Diabetes 0.634 0.612 (0.081–4.616) 0.136 0.152 (0.013–1.809)
Current smoking 0.643 1.343 (0.386–4.675)
ASA PS classification
 I Ref
 II 0.377 0.625 (0.220–1.773)
 III 0.985 0
Tumor site
 Thoracodorsal Ref
 Abdominopelvic 0.472 1.798 (0.363–8.913)
 Upper extremity 0.893 1.100 (0.275–4.401)
 Lower extremity 0.538 0.638 (0.152–2.670)
Tumor size (cm)
  ≤5 Ref
  >5, ≤10  0.655 0.764 (0.235–2.482)
  >10, ≤15 0.875 0.847 (0.107–6.686)
  >15 <0.001  0
 Unknown 0.003 7.725 (2.006–29.755)
FNCLCC grade
 1 Ref
 2 0.145 4.644 (0.588–36.654)
 3 0.086 6.834 (0.763–61.227)
 Unknown 0.333 3.061 (0.318–29.429)
Microscopic margin
 Negative Ref
 Positive 0.751 0.045 (0.000–9,337,066.131) 
 Unknown 0.539 0.045 (0.000–872.532)  
Flap type
 Local flap Ref
 Free flap 0.479 1.443 (0.523–3.983)
 Skin graft 0.753 0.777 (0.161–3.739)
Postoperative complications
 No complications Ref Ref
 Noninflammatory complications 0.785 0.808 (0.174–3.739) 0.669 0.735 (0.180–3.008)
 Inflammatory complications 0.083 2.497 (0.889–7.019) 0.019 3.485 (1.226–9.901)
Neoadjuvant radiotherapy 0.495 0.045 (0.000–330.617)
Adjuvant radiotherapy 0.392 1.725 (0.495–6.007)
Neoadjuvant chemotherapy <0.001 19.085 (3.678–99.022) <0.001 95.143 (7.616–1,188.640)
Adjuvant chemotherapy 0.105 3.392 (0.774–14.865)

HR, hazard ratio; CI, confidence interval; ASA PS, American Society of Anesthesiologists physical status; Ref, reference; FNCLCC, Fédération Nationale 
des Centres de Lutte Contre Le Cancer.
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weeks postoperative [6] in our study population might result 
from the complex interplay between other oncologic effects 
and the influence of postoperative complications. However, the 
rate of FNCLCC grade 3 tumors was lower in the inflammatory 
complications group than in the other groups, and no patients 
had a positive or unknown final margin status, demonstrating 
full ablation of the primary tumor. Meanwhile, the complica-
tion profiles in the inflammatory complications group showed 
more severe characteristics than those of the other two groups, 
which showed a higher rate of reexploration or total flap/
split-thickness skin graft loss. Therefore, it can be assumed that 
the elevated CRP level is more likely a result of complications 
themselves rather than oncologic interactions, and the inflam-
matory responses as a sequel to postoperative complications 
might play a central role in accelerating STS recurrence. Never-
theless, it further needs to be verified since the exact causal re-
lationship between elevated CRP levels and complications has 
not yet been investigated, as well as the fact that elevation of 
CRP might be an interaction of local residual or dormant tu-
mor cells. 

In addition to the presence of inflammatory complications, 
neoadjuvant chemotherapy was an independent prognostic 
factor in the multivariate analysis. Dadras et al. [14] also re-
ported that neoadjuvant chemotherapy was a predictor of infe-
rior disease-specific survival, but this was described as a result 
of confounding bias in patients with high-grade sarcoma. In 
our study, only two patients received neoadjuvant chemothera-
py; thus, this correlation might be a result of the small sample 
size. 

Our results suggest that patients who develop severe compli-
cations that may be associated with systemic inflammation may 
need to be monitored for any sign of recurrence with close fol-
low-up. In addition, it might be better to implement timely ac-
tive intervention in patients with postoperative complications 
before the transition to the systematic inflammatory state to 
improve oncologic prognosis. Ultimately, reconstructive sur-
geons might need to consider proper reconstruction modalities 
and postoperative management to reduce complications and 
identify an aggressive intervention method that promotes rapid 
healing rather than expecting secondary healing in the event of 
flap or graft loss. 

This study has several limitations. First, it is inherently limit-
ed by its retrospective study design and the small number of 
cases; thus, further large-scale well-designed prospective stud-
ies are required to draw more concrete conclusions. Second, no 
further analysis was conducted on whether this inflammatory 
response represented by an elevated CRP level was due to the 

complication itself or by a complex interplay between other 
systematic conditions; thus, it will be necessary to further eval-
uate whether the elevated CRP level per se might affect the on-
cologic outcomes of STS patients. Third, other clinical variables 
might have acted as cofounders in STS patients; however, be-
cause of the heterogeneous nature of STS, it was difficult to 
consider all other biological and clinical variables. Finally, our 
study included a mean follow-up period of 56.5 months, but 
the recurrence rate of our population tends to be lower than 
that of the previous studies; therefore, further long-term fol-
low-up studies are necessary to capture late recurrence cases. 

Conclusion 

The findings of the current retrospective study suggest that 
the development of inflammatory complications after STS re-
section and immediate reconstruction may be associated with 
inferior prognostic outcomes. Noninflammatory complications 
were not associated with STS recurrence. Given our findings, 
in patients with severe complications that may be associated 
with systemic inflammation, implementing active intervention 
promptly and close follow-up for any sign of recurrence might 
be needed. Although further studies are warranted to evaluate 
a clear causal relationship, these results may contribute to pre-
operative individualized planning, patient counseling, and 
postoperative oncologic surveillance. 
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Introduction 

Mycobacterial infection leads to a wide range of diseases in both immunocom-
petent and immunosuppressed individuals, with diverse symptoms. Skin and soft 
tissue infections (SSTIs) caused by mycobacteria include tuberculosis, nontuber-
culous mycobacterial (NTM) infections, and leprosy. These are caused by Myco-
bacterium tuberculosis (MTB), NTM, and Mycobacterium leprae, respectively [1,2]. 
SSTIs usually involve infection of the skin, underlying subcutaneous tissue, fascia, 
and muscle, but when exacerbated, bone or joint involvement may occur. 

Mycobacterial infections are not rare, but SSTIs account for a low percentage of 
cases. SSTIs show nonspecific symptoms ranging from minor wounds, such as lo-
calized ulcers or abscesses, to systemic reactions in immunosuppressed patients 
[3-5]. In mycobacterial SSTIs, mycobacterial culture is the main method of diag-
nosis, but culture time can exceed several weeks and the detection rate is low. Due 
to this and the diverse clinical manifestations, timely diagnosis and treatment of 

Resurfacing defects from mycobacterial skin 
and soft tissue infections using thoracodorsal 
artery perforator free flaps
Hyun Wang, Young Man Lee, Youn Hwan Kim
Department of Plastic and Reconstructive Surgery, Hanyang University College of Medicine, 
Seoul, Korea

pISSN 2586-3290 · eISSN 2586-3533
Arch Hand Microsurg 2022;27(4):345-353
https://doi.org/10.12790/ahm.22.0056

Received: October 9, 2022
Revised: October 29, 2022
Accepted: October 31, 2022

Corresponding author: 
Youn Hwan Kim 
Department of Plastic and 
Reconstructive Surgery, Hanyang 
University College of Medicine, 222-1 
Wangsimni-ro, Seongdong-gu,  
Seoul 04763, Korea
Tel: +82-2-2290-8560
Fax: +82-2-2295-7671 
E-mail: younhwank@hanyang.ac.kr
ORCID: 
https://orcid.org/0000-0003-3365-1232

Original Article

Purpose: Skin and soft tissue infections (SSTIs) caused by mycobacteria are rare and 
difficult to diagnose and treat. Furthermore, systematic treatment protocols for myco-
bacterial SSTIs have not been established. This study introduces a strategy with radical 
resection and resurfacing using thoracodorsal artery perforator (TDAP) free flaps. 
Methods: From December 2013 to February 2022, 13 patients with mycobacterial SS-
TIs underwent radical resection and reconstruction using TDAP free flaps. Exact map-
ping of the lesion extent was performed preoperatively with magnetic resonance im-
aging. When the extent was limited to soft tissue, resection and reconstruction were 
performed in a single stage. However, in cases with bone or joint involvement, two-
stage reconstruction was applied with radical resection and negative-pressure wound 
therapy followed by resurfacing with a flap. Complex defects formed after resection 
were filled with a musculocutaneous or chimeric flap. All patients were administered 
antimycobacterial medications. 
Results: Mycobacterial infection recurred in one patient; therefore, a total of 14 cases 
of reconstruction were performed. Reconstruction was performed with a TDAP free 
flap alone in 10 cases, with a chimeric flap in three cases, and with a musculocutane-
ous flap in one case. The flaps ranged in size from 7×5 cm2 to 25×12 cm2 (mean, 97.2 
cm2). The mycobacterial species identified were Mycobacterium tuberculosis (n=8) and 
nontuberculous mycobacteria (n=5). 
Conclusion: For mycobacterial SSTIs, radical resection followed by resurfacing and re-
construction using TDAP free flaps can be an effective surgical treatment strategy. 

Keywords: Mycobacterium infections, Soft tissue infections, Free tissue flaps  
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mycobacterial SSTIs is challenging [1,4]. 
A combination of antibiotics has been suggested for mild 

forms of mycobacterial SSTIs [1-3,6-9]. Surgical intervention 
has also been recommended for abscesses, deep ulcers, or com-
plicated cases such as those involving osteomyelitis or arthritis 
[1,4,6]. Unfortunately, a systematic approach has not yet been 
established for cases requiring such surgical intervention, mak-
ing treatment in clinical practice more difficult. 

Many studies have explored reconstruction of various com-
pound and complex defects after infection. Good results have 
been obtained using microsurgical free tissue transfer as an ad-
vanced method [10-12]. For refractory mycobacterial SSTIs, 
however, treatment including such reconstruction has not been 
suggested; thus, in this study, we present a series of radical re-
sections and reconstructions using a thoracodorsal artery per-
forator (TDAP) free flap as a resurfacing surgical strategy. 

Methods 

Ethics statement: The medical records and charts of patients 
were retrospectively reviewed after obtaining the approval of the 
Institutional Review Board of Hanyang University Medical Center 
(No. 2022-09-039). The study was performed in accordance with 
the ethical principles of the Declaration of Helsinki, and written in-
formed consent for publication of the case reports with the clinical 
images was obtained from the patient.

1. Patients and preoperative assessment 
Between December 2013 and February 2022, 13 patients pre-

senting with mycobacterial SSTI underwent radical resection 
and reconstruction based on TDAP free flaps. Nine of these 
patients were male, and the mean age of the patients was 56.2 
years (range, 31–77 years). All specimens submitted for identi-
fication of mycobacterial organisms were obtained in the form 
of tissue samples or discharge samples. For all specimens, ac-
id-fast bacillus (AFB) stain and mycobacterial culture were 
performed. If positive results were obtained from either sample, 
polymerase chain reaction (PCR) were performed next to iden-
tify and classify the type of mycobacteria, also with a drug sen-
sitivity test for applying proper antibiotics. In addition, after 
samples were tested for drug sensitivity, all patients were also 
given antibiotics in consultation with the infectious disease de-
partment. The infected sites were mainly on the extremities. 
The demographics and medical history data of all patients, in-
cluding sex, age, etiology, identified Mycobacterium species, an-
tibiotics applied, flap information, complications, and fol-

low-up data were obtained by retrospective chart review. De-
tailed information on each patient is given in Table 1. 

For exact mapping of the extent of the lesion caused by my-
cobacterial SSTI, preoperative magnetic resonance imaging 
(MRI) was performed. Bone or joint involvement and the ex-
tent of osteomyelitis and arthritis were accurately identified 
through MRI. 

2. Surgical techniques 
In cases without bone or joint involvement, where only soft 

tissue was infected, single-stage reconstruction was performed 
with resurfacing using free flaps immediately after resection. If 
bone or joint involvement was confirmed on preoperative MRI, 
two-stage reconstruction was performed. The infected lesion 
was first radically excised to eliminate additional sources of in-
fection, and then negative-pressure wound therapy (NPWT) 
was applied. Resection of infected bone or joint was performed 
in cooperation with the orthopedics department. After that, 
when the wound bed was stabilized through NPWT and steril-
ization was confirmed with a negative AFB stain, the wound 
was resurfaced using a free flap. 

Which free flap to use was determined according to the size 
and shape of the defect after resection. A TDAP free flap can 
cover defects of various sizes, but, in some cases, a chimeric 
flap or a latissimus dorsi (LD) musculocutaneous flap was 
more appropriate. A chimeric flap including the serratus ante-
rior (SA) muscular component or fascial component was used 
when a small dead space was expected when applying only a 
TDAP flap or when functional support was required. When a 
large dead space was expected or a large volume of tissue was 
required for resurfacing, an LD musculocutaneous flap was 
used.  

The initial settings for TDAP, chimeric, or LD musculocuta-
neous flap harvest were the same. Under general anesthesia, 
patients were placed in the supine position with the arm ab-
ducted and elevated. The lateral border of the pectoralis major 
and the anterior border of the LD were marked, and a line was 
designed along the midportion of the borders. A parallel inci-
sion was made along the midsection between the anterior bor-
der of the LD and the pectoralis major. At this point, identifica-
tion of the anterior border of the LD is essential for successful 
flap harvest. Once the anterior border of the LD had been iden-
tified, the LD was pulled toward the surgeon. There were sever-
al perforators along the anterior border of the LD, and reliable, 
pulsatile perforators were selected and placed on skin paddles. 
The branch of the thoracodorsal artery pedicle that entered the 
perforators via the skin paddles was dissected. The avascular 
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plane between the LD and the SA was easily dissected. The 
subscapular arterial system, including the SA branch, the cir-
cumflex scapular vessel branches, and the thoracodorsal ves-
sels, could be identified. To obtain an acceptable-length vascu-
lar pedicle, vascular branches other than the thoracodorsal ar-
tery pedicle were ligated, while saving the thoracodorsal nerve 
branches. An outline of the flap was made on the skin paddle 
that would sufficiently cover the remaining defect. The flap was 
then harvested in the caudocephalic direction and detached 
carefully. 

When harvesting chimeric flaps containing SA muscular 
components or fascial components, additional desired SA com-
ponents were designed, and the vascular branches leading to 
the SA were preserved and elevated together. When harvesting 
the LD musculocutaneous flap, the LD muscular component 
including several perforators in the skin paddle was harvested 
along with the designed skin paddle. At this time, perforators 
were checked for branching from the thoracodorsal vessel 
without skeletonizing the perforator. The donor site was pri-
marily closed or partially covered with skin graft followed by 
negative suction drainage. 

After the harvested flap was positioned appropriately over 
the defect, the direction was adjusted to prevent kinking of the 
pedicle, and microanastomosis was performed with the recipi-
ent vessel in an end-to-end fashion with 9-0 monofilament ny-
lon. Prostaglandin E1 was administered intravenously for 2 
weeks postoperative. 

Although radical excision was performed for the infected 
wound, in preparation for the slight possibility that the infec-
tion may remain, the surgical instruments used for the infected 
wound were not used during flap harvest to prevent donor site 
infection. 

In the case of single-stage reconstruction, the patient was 
discharged after 2 to 3 weeks postoperatively. In the case of 
two-stage reconstruction, the period of NPWT application af-
ter radical excision was as short as a week or as long as 3 weeks, 
and after the reconstruction, the patient was discharged after 
observation for 2 to 3 weeks. After discharge, a close follow-up 
was performed at the outpatient clinic. 

3. Antimycobacterial medication 
Mycobacterial culture took about 4 weeks for identification 

of Mycobacterium, while PCR results took several days. If a 
positive result was obtained by chance in AFB stain performed 
for screening, PCR was carried out immediately and the result 
could be confirmed quickly. As soon as the results were con-
firmed, antimycobacterial medication was started in consulta-

tion with the infectious disease department. Additionally, as 
patients with mycobacterial SSTI may be accompanied by tu-
berculosis in other sites such as pulmonary tuberculosis, plain 
chest radiography was taken to check pulmonary or miliary tu-
berculosis in all patients with confirmed mycobacterial infec-
tion. Concomitant treatment with pulmonary or miliary tuber-
culosis was performed. 

In the case of MTB infection, isoniazid, ethambutol, rifampi-
cin, and pyrazinamide (abbreviated as HERZ) was used for 6 
months because the treatment was the same as for pulmonary 
tuberculosis [2,8]. In the case of NTM infection, there were rel-
atively many drug changes due to insufficient treatment estab-
lishment through a comparative randomized clinical study, but 
it was maintained for at least 2 months after surgery [2,4]. Pa-
tient compliance was checked during hospitalization and at the 
outpatient clinic of the infectious disease department. If other 
symptoms were present, the duration of use of the drug was 
also prolonged. 

Since all MTB treatments are oral medications, the prescrip-
tion during hospitalization and after discharge is the same, but 
in the case of NTM, there are medications that require intrave-
nous injection, such as amikacin. If it was unavoidable, he visit-
ed the hospital every day, and injection was performed.  

Results 

1. Demographics 
All patients with mycobacterial SSTIs were successfully treat-

ed with radical resection and resurfacing with free flaps. Caus-
ative organisms of mycobacterial SSTIs included species of 
MTB (n = 8) and NTM (n = 5). NTM species were Mycobacteri-
um abscessus (n = 3), Mycobacterium fortuitum (n = 1), and My-
cobacterium massiliense (n = 1). In one patient with MTB infec-
tion, the infection recurred after primary resection and recon-
struction, so treatment with resection and reconstruction using 
a flap was performed again. All flaps survived except for two 
cases of partial flap margin necrosis, which resolved with con-
servative treatment. The most commonly used flap type was 
TDAP only (n = 10), followed by chimeric flap (n = 3) and mus-
culocutaneous flap (n = 1). Flap size ranged from 7 × 5 cm2 to 
25 × 12 cm2 (mean, 97.2 cm2). The mean follow-up period was 
21.7 months (range, 12-42 months). 

All patients had good compliance with antimycobacterial 
medications, but minor complications such as gastrointestinal 
trouble and skin rash occurred. These complications were re-
solved by altering the medication in consultation with the in-
fectious disease department. 

https://doi.org/10.12790/ahm.22.0056


Arch Hand Microsurg 2022;27(4):345-353

https://doi.org/10.12790/ahm.22.0056 349

2. Case reports 
Case 10 

A 63-year-old man with a history of rheumatoid arthritis and 
diabetes was referred from the orthopedic surgery department. 
He had acute osteomyelitis of the right distal tibia, and was 
treated with vancomycin and gentamicin beads for 2 weeks, 
followed by internal fixation using a plate 1 month ago, but 
about 1 × 2 cm-sized wound dehiscence occurred repeatedly. 
Purulent pus-like discharge was observed in the wound, and 
MTB was identified on culture (Fig. 1A). Preoperative MRI 
confirmed remained osteomyelitis on the distal tibia (Fig. 1B, 
1C); therefore, debridement and ostectomy was performed for 
radical resection, followed by NPWT application. After the 
wound was stabilized, a TDAP chimeric flap containing an SA 
fascial component was performed to resurface the defect, while 
SA fascial component covered the previously fixed plate (Fig. 
1D, 1E). The posterior tibial vessels were used as recipient ves-
sels. Two-stage reconstruction was successfully completed 
without any complications (Fig. 1F). Any recurrence or re-
mained osteomyelitis was not observed at 1-year postoperative 
follow-up, confirming that resurfacing using a free flap to cover 
the defect was successful (Fig. 1G, 1I). Through a series of sur-
gical interventions, the white blood cell (WBC) count and the 
C-reactive protein (CRP) level, which are inflammatory mark-
ers, were decreased from 8,700/mm3 to 5,100/mm3 and 7.1 mg/
dL to 0.4 mg/dL, respectively. 

Case 12 
A 62-year-old man with a history of hypertension, diabetes, 

kidney transplantation due to end-stage renal disease, and mil-
iary tuberculosis presented with 2 × 2 cm-sized left popliteal 
wound resulting from a scratch of unknown origin (Fig. 2A). 
As preoperative MRI and wound culture showed tuberculous 
arthritis of the knee joint, radical resection including bursecto-
my and NPWT was performed (Fig. 2B). A TDAP free flap was 
later used to cover the wound, with anastomosis to the medial 
superior genicular artery and greater saphenous vein (Fig. 2C, 
2D). Through these surgical interventions, the WBC count de-
creased from 14,400/mm3 to 7,800/mm3 and CRP level de-
creased from 14.2 mg/dL to 0.5 mg/dL, which were normal-
ized. There were no short-term complications, but swelling oc-
curred in the medial thigh 11 months later (Fig. 2E). Follow-up 
MRI showed abscess formation arising from the suprapatellar 
bursa, and MTB was reidentified on culture of aspirated mate-
rial (Fig. 2F, 2G). Definitive radical resection was performed 
through reoperation, and wound clearance was confirmed 
through NPWT (Fig. 2H). To cover the defect in the medial 

thigh, a TDAP chimeric flap containing an SA muscular com-
ponent was used (Fig. 2I, 2J). The flap showed partial necrosis 
of the margin but healed without reoperation through conser-
vative treatment (Fig. 2K). Any recurrence was not observed 
until 15-month follow-up after the second reconstruction, con-
firming that resurfacing using a free flap to cover the defect was 
successful (Fig. 2L, 2M). Through these second surgical inter-
ventions, WBC count decreased from 18,300/mm3 to 6,200/
mm3 and CRP level decreased from 27.6 mg/dL to 0.3 mg/dL, 
which were normalized again.  

Discussion 

Concerns about the treatment of mycobacterial SSTIs are 
growing. Although the overall number of MTB-infected pa-
tients is decreasing, 5.8 million people were newly diagnosed 
worldwide in 2020. Of these, the proportion of SSTIs is less 
than 4%, but such infections are still often encountered in a 
clinical setting [13]. More than 170 species of NTM have been 
discovered, and although not all species are pathogenic and 
contagious among humans, the number of reports related to 
surgical, cosmetic, and other procedures is increasing [7,9]. As 
the prevalence of mycobacterial SSTIs is increasing in devel-
oped countries, mainly those associated with NTM species [14], 
an optimal and systematic strategy for treatment that can effec-
tively cover defects occurring after infection needs to be estab-
lished for cases requiring surgical intervention. 

Previously, the focus of treatment was on the simple removal 
of infection through resection or non-surgical treatment with 
antibiotics only [5]. If the wound is infected with bacteria resis-
tant to empirical antibiotics or if the wound is complex involv-
ing structures other than soft tissue, effective treatment will be 
delayed. As a result, the wound healing and hospitalization pe-
riod of patients can be prolonged, which increases overall cost 
[11]. Long-term hospitalization and antibiotic use increase the 
incidence of various complications such as gastrointestinal 
problems, antibiotic resistance, and leukopenia [15]. For this 
reason, it is essential to carry out an appropriate culture, fol-
lowed by drug sensitivity testing when the bacteria is identified, 
and to apply optimal antibiotics through consultation with the 
infectious disease department [16,17]. 

Even with appropriate antibiotics, severe SSTIs such as cases 
with abscesses, osteomyelitis, and arthritis are often not treated 
well with antibiotics alone and even worsened in many cases, 
requiring surgical intervention [18,19]. In the past years, treat-
ment through serial debridement and secondary healing was 
applied, but the recurrence rate was high, resulting in poor out-
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Fig. 1. (A) A patient with tuberculous osteomyelitis on the right distal tibia. A preoperative photograph shows the previous operative 
wound with recurrent dehiscence. (B) Coronal view of preoperative T1-weighted magnetic resonance imaging (MRI). (C) Sagittal view of 
preoperative T1-weighted MRI. An intramedullary abscess measuring approximately 6×2×2 cm was identified. (D) A thoracodorsal artery 
perforator (TDAP) chimeric flap containing a 6×11-cm skin paddle and 1.5×5-cm serratus anterior (SA) fascial component was harvested. 
(E) The harvested TDAP chimeric flap is prepared for inset, covering the previously fixed plate containing an SA fascial component. (F) 
Immediate postoperative photograph of reconstruction using a TDAP chimeric flap. (G) One-year postoperative follow-up photograph 
shows no problems, including recurrence. (H) Anteroposterior view of the 1-year postoperative follow-up X-ray. (I) Lateral view of the 
1-year postoperative follow-up X-ray, showing no remaining osteomyelitis, while the previously fixed plate remained in place.
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Fig. 2. (A) A patient with tuberculous arthritis of the left knee joint. A preoperative photograph shows a defect measuring approximately 
2×2 cm aligned with the healed wound from previously attempted closure. (B) Sagittal view of preoperative T1-weighted magnetic 
resonance imaging (MRI). An abscess with ill-defined septa was identified on the semimembranous bursa. (C) A 12×8-cm thoracodorsal 
artery perforator (TDAP) flap was harvested. (D) Immediate postoperative photograph of reconstruction using a TDAP flap. (E) Broad 
swelling was observed on the left thigh, adjacent to the prior arthritis region. (F) Coronal view of follow-up T1-weighted MRI shows 
an approximately 9×7×25-cm abscess arising from the suprapatellar bursa, superiorly extending along the vastus medialis and vastus 
intermedius muscle. (G) Intraoperative photograph shows whitish necrotic debris in the abscess. (H) The wound was cleared with 
application of negative-pressure wound therapy. (I) A TDAP chimeric flap containing a 25×12-cm skin paddle and a 10×3-cm serratus 
anterior muscular component was harvested. (J) Immediate postoperative photograph of reconstruction using a TDAP chimeric flap 
on the thigh. (K) Partial distal flap necrosis was found after 2 weeks but healed without additional surgery. (L, M) Fifteen-month 
postoperative follow-up photographs show no problems, including recurrence, in the thigh and popliteal region.
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comes and a long treatment period [20]. A regional flap was in-
troduced as an alternative, and a radial forearm fascial flap was 
first used as a salvage procedure for cutaneous tuberculosis in 
1998 [21]. 

An important aspect of our surgical treatment strategy is to 
remove the infection source as much as possible through radi-
cal resection, and to supply new vascularity to the wound bed 
through a microsurgical transfer of well-vascularized tissue. 
Our approach entails preoperative MRI prior to en bloc resec-
tion, and the timing of reconstruction is to be determined 

through this. Involvement of the bone or joint adjacent to the 
wound can be confirmed through MRI. In this case, NPWT 
was applied for complete infection control to minimize the 
possibility of remaining infected wounds and to prepare clean 
wounds after debridement [22]. Several weeks later, microsur-
gical tissue transfer was performed to complete a two-stage re-
construction. If the bone and joint were not involved, sin-
gle-stage reconstruction was performed immediately after en 
bloc resection, with microsurgical tissue transfer to minimize 
the treatment period. Meticulous debridement and copious ir-
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rigation were performed in every surgery. 
Through microsurgical tissue transfer, wound healing could 

be promoted by increasing blood flow, oxygen concentration, 
mobilization of WBCs, and phagocytosis around the wound 
bed [23]. In addition, because of the average antibiotic concen-
tration around the wound, the activity of leukocytes and blood 
flow increased, making microsurgical tissue transfer the recon-
struction method of choice in large and refractory infected 
wounds to reduce the risk of recurrence [10]. Also, well-vascu-
larized tissue has been commonly used to promote wound 
healing and overcome local infections in chronic, unhealed 
wounds [19]. These points suggest that sterilization can be 
achieved through flap coverage in mycobacterial infected 
wounds. In addition, there is a cosmetic advantage because of 
the possibility of resurfacing to prevent discoloration, scarring, 
and joint immobilization that may occur during secondary 
healing [24]. 

In recent years, there have been rapid developments related 
to free tissue transfer, and many methods have been intro-
duced. We chose reconstruction using TDAP flaps, which have 
several advantages compared with other flaps [25]. When the 
thoracodorsal axis is used, which includes the SA muscle and 
the LD muscle, chimeric or musculocutaneous flaps can be se-
lectively harvested considering the shape, location, and func-
tional characteristics of the defect [25-27]. In addition, we also 
used the “free style” flap design concept for harvesting TDAP 
flaps, which was described by Wei and Mardini [28]. It places 
emphasis on finding the perforator first and designing the flap 
later, depending on the location of the perforator. If a reliable 
perforator is found in that way, the flap can be designed parallel 
to the axis of the descending branch of the thoracodorsal ves-
sels, having more options for choosing the shape and dimen-
sion of flap. Therefore, various flaps can be harvested according 
to the required amount and size of the tissue, making resurfac-
ing easy and successful. Especially in wounds with osteomyeli-
tis or arthritis, reconstruction can be performed to minimize 
the dead space for complex defects that may occur after en bloc 
resection using a chimeric or musculocutaneous flap. Since the 
donor site is located on the side, there is also a relative cosmetic 
advantage. 

In the case of mycobacterial SSTIs, recurrence within 1 year 
is relatively common due to causes such as environmental in-
fluences and flora [2]. Considering the possibility of recur-
rence, even if complete en bloc resection is performed, serial 
outpatient-based observation is required. Since recurrence can 
occur at a location distant from the operation site, it is neces-
sary to carefully examine the whole body to make sure that no 

other wounds occur during the follow-up period. 
This study has several limitations. In this study, 13 cases were 

included in the study. However, we did not establish a control 
group without surgical intervention or a control group using a 
flap other than TDAP, and a rather small number of cases were 
included to accurately determine the effectiveness of TDAP. It 
is thought that the effect can be accurately confirmed through 
additional research in the future. 

Thus far, no systematic and optimal treatment approach has 
been proposed for refractory and complex mycobacterial SSTI 
wounds. After radical resection, while using antibiotics against 
identified mycobacteria, reconstruction based on the TDAP 
flap can be the useful, cost-effective, time-saving, and success-
ful resurfacing procedure for defects. We believe that this tech-
nique will be helpful to find the optimal treatment approach 
through future large-scale studies. 

Conclusion 

A systematic treatment plan has not yet been proposed for 
mycobacterial SSTIs requiring surgical intervention. In our 
study, it was shown that resurfacing the defects from mycobac-
terial SSTIs based on TDAP flap can be effectively performed 
while controlling infection through radical resection and appli-
cation of antibiotics. 
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Introduction 

With the remarkable developments in reconstructive microsurgery, reconstruc-
tion of lower limb damage is not only a simple way to fill the deficiency site but 
also an advanced functional reconstruction that aims at the functional restoration 
of the deficiency site. 

The primary goal of functional reconstruction of the lower extremities is allow-
ing the patient to walk properly without pain. Dorsiflexion is an important func-
tion necessary for walking, and the anterior compartment muscles of the lower 
extremities are responsible for it [1,2]. If this function is damaged, foot drop and 
walking disorders may arise [1,2]. Several studies have reported the simple vol-
ume filling of soft tissue defects in lower extremity reconstruction. However, 
functional reconstruction of the lower extremity is challenging and has rarely 
been reported [3]. 

Recently, chimeric flaps have gained popularity because of their unique ability 
to restore composite defects of the lower extremities while maintaining economic 
tissue use and low donor-site morbidity [4]. Therefore, we aimed to introduce a 
successful functional reconstruction case using a chimeric anterolateral thigh free 
flap (cALT-FF) for repairing a total defect of the anterior compartment muscles 
and soft tissue in the lower extremity. We focused on the functional reconstruc-
tion. Although the cALT-FF already has been used to reconstruct for lower ex-
tremity defects, reports focused on functional reconstruction for lower extremity 
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Case Report

Although several studies exist on the simple volume filling of soft tissue defects in 
lower extremity reconstruction, few reports have described functional reconstruction. 
In this study, a 52-year-old male patient, after a forklift accident, developed soft tissue 
defects of the all the right dorsiflexors. The patient underwent surgery with a chimeric 
anterolateral thigh free flap (cALT-FF), in which 18×8 cm2 fasciocutaneous flaps were 
harvested, including a 6×9 cm2 vastus lateralis muscle flap in a chimeric pattern. The 
functionality of the lower extremities was evaluated in terms of the active ankle-dor-
siflexion range of motion and the Stanmore system after 15 months, and the result 
was good. In this study, we focused on functional reconstruction following the use of 
cALT-FF in a patient with defects of all the dorsiflexor muscles, which play an import-
ant functional role in gait. 

Keywords: Free tissue flaps, Lower extremity, Reconstructive surgical procedures, Re-
covery of function
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defects are limited.  

Case report

This study was conducted in accordance with the principles 
of the Declaration of Helsinki. Written informed consent was 
obtained for publication of this case report and accompanying 
images.

A 52-year-old male patient had a right distal tibia and fibula 
open fracture (Gustilo IIIC [5]) with a crushing injury to the 
right leg due to a forklift accident. After the initial orthopedic 
treatment, the patient presented with a soft tissue defect with 
metal plate exposure and a muscle defect in the entire anterior 
compartment, including the dorsiflexors tibialis anterior (TA), 
extensor halluces longus (EHL), extensor digitorum longus 
(EDL), and fibularis tertius (FT). As confirmed in physical ex-

amination, he was unable to dorsiflex and had a foot drop in 
the right ankle due to muscle injury in the anterior compart-
ment of the leg. 

Computed tomography images immediately after trauma re-
vealed a 3.5-cm long muscle defect in the anterior compart-
ment of the right distal leg (Fig. 1). Computed tomography an-
giography results revealed normal vascularity of the lower ex-
tremities. 

Since the patient had both muscle and soft tissue defects, we 
used a chimeric flap with multiple components. Furthermore, 
we decided to reconstruct the muscle and soft tissue defects 
with a contralateral cALT-FF. After the debridement of the soft 
tissues and muscles, the length of the muscle defect measured 6 
cm (Fig. 2C). We harvested a flap consisting of an 18 × 8 cm2-
sized fasciocutaneous component and a 6 × 9 cm2-sized vastus 
lateralis (VL) muscle component in a chimeric pattern (Fig. 2A, 

Fig. 1. Preoperative computed tomography image. Coronal view 
of a computed tomography image showing a 3.5-cm anterior 
compartment muscle defect of the right lower limb (bone grafting 
was performed later through orthopedic surgery for the tibia 
defect).

Fig. 2. Intraoperative clinical images. (A) Design of a vastus 
lateralis (VL) chimeric anterolateral thigh free flap (cALT-FF). (B) 
Harvested VL cALT-FF. (C) Clinical photograph revealing a 6-cm-
long composite soft tissue defect with plate exposure, after the 
debridement. (D) An immediate postoperative photograph after 
the flap was inset.
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2B, 2D). These two components were supplied by the descend-
ing branch of the lateral circumflex femoral artery (LCFA). The 
fasciocutaneous component had two perforators, and the mus-
cle component had one perforator. The length of the perfora-
tors of the fasciocutaneous component was 18 cm and 8 cm 
long from the pedicle, and the length of the perforator of the 
muscle component was 15 cm from the pedicle. The distal per-
forator of the fasciocutaneous component was connected to the 
perforator of the muscle component. 

The perforating branch of the LCFA of the flap was anasto-
mosed end-to-end to the right anterior tibial artery. The ac-
companying vein of the flap was then anastomosed end-to-end 
with a vena comitans of the right anterior tibial artery. Addi-
tionally, a split skin graft was performed to cover the subcuta-
neous area of the flap and the donor area remaining after pri-

mary repair. A short leg splint was applied at the end of the 
surgery, and a fluffy gauze dressing was placed. 

The surgical scheme is presented in Fig. 3. There were no 
acute complications such as loss or necrosis in the flap. After 2 
months, the flap remained stable. After 3 months, functional 
defects, such as dorsiflexion and foot drop, improved. 

The follow-up period was 15 months. Photographs were tak-
en when the patient could achieve the maximum active dorsi-
flexion in the supine position and extended knee position (0°), 
and the angle of the ankle-dorsiflexion range of motion (ROM) 
in the image was measured. The axis was centered over the me-
dial malleolus, and the arms were aligned with the tibial shaft 
and head of the fifth metatarsal [6]. After 15 months, he could 
dorsiflex up to 0° (Fig. 4), and the angle improved by 22° com-
pared to –22° before the surgery. Moreover, the patient was able 

Fig. 3. Scheme of the surgery. (a) This preoperative image represents a 6-cm muscle and soft tissue defect with plate exposure after the 
debridement. (b) On the other side (left) of the thighs, the chimeric anterolateral thigh free flap (cALT-FF) that had a vastus lateralis (VL) 
muscle component was harvested. (c) The fasciocutaneous component of the flap restored the soft tissue defect with plate exposure, and 
the VL muscle component was adjusted to suit the size of the muscle defect.

Anterior compartment (defect)

(a) Preoperative

(c) Postoperative

(b) cALT-FF harvest

Tibia (defect)
Metal plate for tibia fracture
Lateral compartment

Fibula

Deep posterior compartment

Superficial posterior compartment

Coverage with STSG

Septocutaneous 
portion of
cALT-FF

Muscle 
portion of
cALT-FF

Lateral compartment
Fibula

Deep posterior compartment

Superficial posterior compartment
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to ambulate without an orthosis. Applying the Stanmore system 
to assess the final post-reconstructive ankle function, the pa-
tient’s total score was 86, indicating a “good” result [6]. 

Discussion 

Trauma to the entire anterior lower leg muscle group causes 
functional defects such as foot drop or gait abnormality [1,2]. 
The restoration of these lower extremity functions is challeng-
ing. In the present case, the damaged area was located in the 
anterior compartment, and the patient had a foot drop. With a 
total deficit of 6.0 cm in all the dorsiflexors, the primary repair 
was impossible due to the large size of muscle and soft tissue 
defect. Volume coverage and functional reconstruction were 
required. Although cALT-FF has already been widely used in 
lower extremity reconstruction in various papers including 
Kim et al. [7], these focused on structural reconstruction. Un-
like previous cases, the difference in this case is to focus on 
functional reconstruction for lower extremity defects. To the 
best of our knowledge, the case of the cALT-FF focused on 
functional reconstruction for lower extremity has not been pre-
viously reported. 

The concept of the chimeric flap was introduced by Hallock 
in 1991 [8]. It was defined as a flap that “consists of multiple 
otherwise independent flaps that each have an independent 
vascular supply, with all pedicles linked to a common source 
vessel” [8]. Chimeric flaps are suitable for complex and large 
defects because they can provide a large amount of soft tissue 
and multiple components that individual flaps cannot offer [8]. 
In particular, cALT-FF are widely used due to low donor-site 

morbidity. Generally, for the cALT-FF, the VL muscle is harvest-
ed simultaneously with a skin paddle [9]. The VL muscle lies in 
the same anatomical territory as the ALT muscle. Furthermore, 
it offers an advantage in that the surgeon can determine the 
three-dimensional form of the flap, which is not dependent on 
the shape of the body [10]. In our case, the VL was also used as 
a muscle component of the chimeric flap, and there was no sig-
nificant functional morbidity at the donor site. 

The anterior compartment comprises four muscles: EDL, 
EHL, FT, and TA. They are called dorsiflexors as they have 
their origin at specific points on the tibia or fibula and inser-
tion in certain areas of the foot [1]. Consequently, contraction 
of these muscles shortens the body of the muscle and causes 
the dorsum of the foot to be pulled toward the leg [1]. This 
movement is known as dorsiflexion. The normal dorsiflexion 
angle is 0° to 30° [2]. If the dorsiflexor muscles are weakened, 
foot drop or foot deformation occurs, causing walking disor-
ders [1]. 

The Stanmore system used in this case for postoperative 
functional assessment of the lower limb was originally devised 
to evaluate the functional results of postoperative posterior tib-
ial tendon transfer or functional muscle transfer [6]. Since 
there is no accurate standard evaluation tool for evaluating 
function after muscle replacement, we used the Stanmore sys-
tem to evaluate ankle function. The categories of the Stanmore 
system are pain, need for an orthosis, ability to wear normal 
shoes, functional outcome, muscle power, degree of active 
ROM, and foot posture [6]. The patients’ scores were 10 out of 
15, 15 out of 15, 5 out of 5, 6 out of 10, 25 out of 25, 20 out of 
25, and 5 out of 5, respectively. The total score was 86, indicat-
ing a “good” result. 

In this study, the patient could not dorsiflex immediately af-
ter the accident. After reconstruction with cALT-FF, he was 
able to dorsiflex up to 0°. Moreover, the result of the functional 
evaluation according to the Stanmore system was “good.” 
Therefore, we considered this to be a successful case. 

This study had several limitations. First, we did not use a go-
niometer, which is a tool to measure ankle-dorsiflexion ROM, 
and instead measured the angle using an image obtained 
through photography, which may have led to few errors in this 
process. Second, ankle-dorsiflexion ROM was not evaluated 
before the accident, and it is difficult to determine the extent of 
restoration. Third, only passive ROM was measured; active 
ROM was not measured. 

With breakthroughs in reconstructive microsurgery, recon-
structive surgeons should consider not only aesthetic recon-
struction but also functional reconstruction. In this study, we 

Fig. 4. Postoperative ankle-dorsiflexion range of motion (ROM). 
The angle of ankle-dorsiflexion ROM improved from –22° before 
surgery (A) to 0° 15 months after surgery (B).
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focused on functional reconstruction after cALT-FF for defects 
in the anterior compartment of the lower leg, which comprises 
the dorsiflexors. In conclusion, from a perspective of functional 
reconstruction, cALT-FF could be considered as an option for 
total defects in the anterior compartment muscles and soft tis-
sue in the lower extremities. 
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Introduction 

Trauma is a major component of occupational accidents, leading to death and 
disability, and a critical contributor to decreased productivity. Reconstruction 
through free flap surgery for soft tissue defects caused by trauma is challenging 
for plastic surgeons in the field of trauma injuries. Penetrating injuries are rare 
but fatal and are often described as penetrating injuries with sharp materials [1,2]. 
Penetration injury can cause bowel injury accompanied by abdominal wall de-
fects [3]. The methods used to perform abdominal wall reconstruction depend 
on the location, size, and thickness of the defect. The reconstruction of complex 
defects in the abdominal wall requires careful planning. Full-thickness, but limit-
ed defects are treated using various pedicled myocutaneous flaps, involving the 
tensor fasciae latae myocutaneous, rectus femoris muscle, myocutaneous, antero-
lateral thigh fasciocutaneous, sartorius muscle or myocutaneous flaps, and latissi-
mus dorsi (LD) myocutaneous flaps.  

Reconstructing large abdominal wall defects caused by malignant neoplasms 
has been previously reported [4]. However, life-threatening dorsally to ventrally 
penetrating injuries are very rare. This study presents our experience with the 
coverage of a large complex full-thickness abdominal wall defect due to traumatic 
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Case Report

A 50-year-old man was transferred to a level I trauma center for penetrating injury. 
Industrial metal had penetrated his trunk, and he was injured in internal organs. The 
injured internal organs were treated by the trauma surgery team. The peritoneum was 
reconstructed with artificial dermal matrix graft. The wound was managed with nega-
tive-pressure wound therapy, and several debridement procedures were performed. 
The full-thickness abdominal defect was covered with monofilament polypropylene 
mesh(Parietene mesh, 30×30 cm). A latissimus dorsi flap was elevated with a muscu-
locutaneous flap measured 50×30 cm, and 6-cm thoracodorsal artery pedicle. Micro-
vascular anastomosis was performed using the thoracodorsal and left femoral arteries. 
Two weeks later, we performed local flap rotation based on gluteal artery perforator in 
the sacral area. Polypropylene mesh was successfully inserted without complications. 
Combining a latissimus dorsi free flap on a polypropylene mesh can be an effective 
method for reconstructing large penetrating wounds on the trunk.

Keywords: Penetrating injury, Latissimus dorsi free flap, Free tissue flaps, Monofila-
ment polypropylene mesh

https://doi.org/10.12790/ahm.22.0063


penetrating injury with a free flap and mesh. 

Case report 

All procedures performed in this study involving human 
participants were in accordance with the ethical standards of 
the Ajou University Hospital and of the Declaration of Helsin-
ki, as revised in 2013. Written informed consent was obtained 
from the patient for the publication of this case report and ac-
companying images. 

A 50-year-old man underwent penetrating trauma by casting 
a shearing machine that extended from the abdominal area to 
sacrum. The trauma involved the colon, small bowel, abdomi-
nal wall, pelvic bone, and ureter (Fig. 1). 

Immediately after he was transferred to the level 1 trauma 
center, the trauma team, urologist, and general surgery team 
performed combined surgery, involving general, urological, 
and orthopedic surgery. The urologist performed end-to-end 
anastomosis of the left ureter and cystostomy, and the general 
surgery team performed the segmental resection of the dam-

aged ileal and sigmoid colon, ileostomy, and wound debride-
ment. 

Subsequently, debridement and peritoneal irrigation of the 
dirty wounds were performed every 2 to 3 days by the trauma 
team (Fig. 2). Two weeks after trauma, the general surgery team 
implanted a 30 × 10-cm allogenic acellular dermal matrix into 
the abdominal wall (Fig. 3). A wide range of injuries and ac-
companying bowel injuries and infections may have resulted in 
sepsis. It took time for the wound to clear and the patient’s vital 
signs to recover, and colostomy was required to resolve the in-
jured bowel and infection, warranting several days of follow-up. 
Reconstruction of the abdominal wall by the plastic surgery 
team was performed 46 days after trauma. Acellular dermal 
matrix and negative-pressure wound therapy can be helpful 
materials that can temporarily cover the time required for these 
treatments. The first defect of the abdominal wall was covered 
with a monofilament polypropylene mesh (Parietene mesh, 
30 × 30 cm; Medtronic, Dublin, Ireland) to prevent ventral her-
nia. The LD flap was elevated, making a 20 × 10-cm fasciocuta-
neous flap on a 50 × 30-cm muscle flap, with a 6-cm thoraco-
dorsal artery pedicle. A microvascular anastomosis was made 
in end-to-side fashion from one artery and one vein of the ped-
icle to the left femoral artery and vein (Fig. 4). 

The sacral wound was treated according to grade IV pressure 
injury because there was no long-term exposure of the internal 
organs. However, it was necessary to maintain drainage for a 
long period of time because of the generation of collection fluid 
due to wound penetration. 

Numerous debridements and vacuum-assisted dressings 

Fig. 1. Initial status of the patient upon arrival at the trauma bay 
after a penetrating injury by a compressing machine.

Fig. 2. Wounds after 2 weeks of multiple wound perfusion and 
debridement. (A) Abdominal side. (B) Sacral side.
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were performed for the sacral area defect. After granulation tis-
sue formation 60 days after the onset of trauma, the defect was 
covered by the advancement of the adjacent muscle flap, and 
the gluteal artery perforator-based local flap was rotated to cov-
er the raw surface by the plastic surgery team (Fig. 5). After 6 

Fig. 3. Abdominal wound applied with acellular dermal matrix 
for maintenance of the intestinal injury recovery and temporary 
intestinal coverage.

Fig. 4. Abdominal wound repaired with mesh and latissimus dorsi musculocutaneous flap with monofilament polypropylene mesh 
coverage. (A) Wounds with monofilament polypropylene mesh applied. (B, C) Elevated latissimus dorsi musculocutaneous flap. Yellow 
arrows indicate the thoracodorsal artery.

weeks of sacral reconstruction, the patient recovered with ade-
quate flap healing. The sacral area had no complications, and 
his sitting and lying down postures were correct. 

Discussion 

Studies on abdominal wall reconstruction with artificial 
mesh materials and free tissue transfer in cases of traumatic ab-
dominal wall disruption are limited. Ventral to dorsal penetrat-
ing injuries are rare, but they are fatal injuries due to the contu-
sion of surrounding tissues and open windows of tissues. Dam-
age is affected by the location, penetrating material, and pene-
trating energy. Particularly, industrial penetrating equipment 
causes destructive damage to surrounding tissues owing to 
high-energy damage. Abdominal high-energy penetrating inju-
ry is fatal and requires a multidisciplinary approach as it causes 
internal multiple organ damage, soft tissue defects, and frac-
tures [5].  

Various methods, including rectus muscle flap, anterolateral 
thigh flap, and component release, have been described for ab-
dominal wall reconstruction [5]. Moreover, depending on the 
location of injury, a pedicled flap can be integrated using a per-
forator of the superior epigastric artery, inferior epigastric ar-
tery, or intercostal artery. Reconstruction using a musculocuta-
neous flap or muscle flap is often performed for complex 
high-energy injuries in the abdomen [4]. LD musculocutane-
ous flaps are often the only option, especially when the defect 
size is very large. When using the free flap, in addition to the 
arteries described above, the superficial femoral artery, with or 
without vein grafts, may be used [3-5]. 

Cases of penetrating abdominal injury are often polytrau-
matic. As it is accompanied by pelvic fracture or internal organ 
injury, delayed reconstruction is inevitable. If the wound is too 
large to be reconstructed or repaired, secondary reconstruc-
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tion, including skin graft or flap, can be performed after a peri-
od of open dressing to allow granulation to grow over the intes-
tinal loop. Negative-pressure wound therapy can be safely used 
for wound maintenance in acute vital recovery from concomi-
tant injuries, including bowel exposure or pelvic fractures [6]. 

Due to the defect of the deep fascia in addition to extensive 
damage, the risk of hernia increases, even if the deep fascia is 
reconstructed with conventional free tissue transfer. Therefore, 
to reduce the risk of such a complication, we attempted to pre-
vent secondary sequelae through mesh reconstruction. Cover-
age with an LD free flap with a polypropylene mesh is a possi-
ble option for extensive and full-thickness abdominal wall de-
fects. Musculocutaneous flaps have an advantage in parietal re-
pair owing to their characteristic aponeurotic components. In 
this case, the wound was not covered using any other free tissue 
transfer methods. 

In the reconstruction of the complex abdominal wall includ-
ing the abdominal wall in this case, there are few mentions of 
abdominal reconstruction using mesh after wide resection in 
the malignancy case [7]. However, in case of extensive damage 
due to high-energy penetrating phase damage, there are few 
descriptions due to high fatality. As in this case, ventral to dor-
sal penetrating injury required ileostomy, limiting the use of 
the pedicled artery in abdominal reconstruction, and the avail-
able vessels were limited due to a wide range of injuries. 

In cases similar to the one presented herein, the use of a new 
prosthesis and polypropylene mesh may be a good option for 
patients with penetrating abdominal injuries, allowing a low 
complication rate. 
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Introduction 

The external ear structurally protrudes outward, which makes itself prone to 
trauma such as traffic accidents, burns, bites, cuts, and other trauma. Due to the 
unique structure and intricate cartilage folds of the ear, posttraumatic ear defor-
mity can be noticeable and contribute to psychological distress, regardless of the 
size and extent of the deformity [1]. Considering the three-dimensional, symmet-
rical, bilateral nature of the ear, reconstruction can be quite challenging. More-
over, the lack of adjacent soft tissue and the scarring makes posttraumatic ear re-
construction more complicated and challenging than congenital ear reconstruc-
tion [2]. The primary goal of managing ear trauma is to minimize damage and 
prevent complications such as infection [3]. 

In patients whose cartilage is nonsuitable for ear framework, an alloplastic 
polyethylene implant is a viable alternative [4]. Frodel and Lee [5] used Medpor 
implants for facial deformities after trauma and show low rates of infection.

In order to prepare for posttraumatic ear reconstruction, it is important to as-
sess the location, size, and depth of the defect, and accordingly determine the op-
timal surgical method [2]. The treatment options are a local skin flap such as an 
ipsilateral temporoparietal fascia flap, a mastoid flap, or an expanded skin flap 
from the mastoid or postauricular areas. However, ipsilateral local flap recon-
struction becomes more challenging and unreliable in cases of severe ear trauma. 
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Case Report

In addition to the inherent difficulties of ear reconstruction, including its three-dimen-
sional, symmetrical, and bilateral nature, posttraumatic ear reconstruction is even 
more challenging because of the destruction of the adjacent soft tissues and vessels 
following trauma. In severe cases, ipsilateral reconstruction becomes especially diffi-
cult. In the case herein, we present posttraumatic single-stage ear reconstruction with 
a contralateral temporoparietal fascial free flap using a branch of a facial artery as the 
recipient vessel. Posttraumatic ear reconstruction should be performed after consider-
ing the extent of tissue damage, the available treatment options, and the patient’s 
preferences. In challenging posttraumatic ear reconstruction cases that involve a lack 
of soft tissue and vessels on the ipsilateral side, a contralateral temporoparietal fascial 
free flap using a facial artery as the recipient vessel should be considered as a treat-
ment option. 

Keywords: Acquired ear deformities, Free tissue flaps, Free tissue flaps, Reconstructive 
surgical procedures  
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Free flap reconstruction is also challenging if there is superficial 
temporal artery injury, since it is usually used as the recipient 
vessel. In this case, we introduce a procedure for single-stage 
posttraumatic ear reconstruction with a contralateral temporo-
parietal fascial free flap and a polyethylene auricular implant, 
using a facial artery branch as the recipient vessel. 

Case report 

The study was approved by the Institutional Review Board of 
Severance Hospital (No. 2022-3393-001) and performed in ac-
cordance with the principles of the Declaration of Helsinki. 
The patient provided written informed consent for the publica-
tion and the use of the clinical images.

A 22-year-old male patient suffered a depressed skull fracture 
in the right parietal area, a degloving injury on the bilateral 
frontotemporal area, and amputation of the left external ear af-
ter a traffic accident. The patient primarily underwent an an-
terolateral thigh free flap to cover the left frontotemporal scalp 
area at another institution. Five months after the accident, the 
patient visited our institution for external ear reconstruction. 
Nine months after trauma, single-stage ear reconstruction us-
ing a contralateral temporoparietal fascial free flap over a poly-
ethylene ear prosthesis was planned (Fig. 1). 

The initial medical report following the accident did not de-
tail the damage depth and extent, making it difficult to deter-
mine the viability of the ipsilateral temporoparietal fascia. In 
addition, the recipient vessel of the previous anterolateral thigh 
free flap reconstruction was not described, which was on the 
ipsilateral side of the ear amputation. Moreover, when consid-
ering local flap coverage, the surrounding was composed most-

ly of scar tissue, and the posterior auricular area was too nar-
row for an expander insertion. 

Intraoperatively, dissection was performed to detect the su-
perficial temporal artery. Because the superficial temporal ar-
tery was not reliable due to the previous operation, a facial ar-
tery and vein were dissected for the recipient vessels. The con-
tralateral temporoparietal fascia was elevated with the superfi-
cial temporal artery and vein as pedicle vessels. The flap was 
10 × 5 cm in size, with a pedicle length of 2 cm (Fig. 2). Subcu-
taneous tunnel was made beneath the remnant ear lobule. The 
pedicle was laid caudal to the external auditory meatus via the 
subcutaneous tunnel. End-to-end microanastomosis was per-
formed with monofilament polyamide #10-0. A ready-made 
polyethylene framework was selected considering contralateral 
ear size. The helical rim frame and ear base extended frame 
were fixed with monofilament polypropylene #4-0 sutures. The 
fascial flap covered a polyethylene prosthesis framework and 
was covered with a split-thickness skin graft from the contra-
lateral scalp (Fig. 3). After the surgery, the flap survived well 
without any complication (Figs. 4, 5). The patient is now on 
regular outpatient visits. 

Discussion 

Ear reconstruction is a big challenge in plastic surgery and 
has a steep learning curve [3]. Efforts have been made to devel-
op various reconstructive methods from Tanzer [6] to develop-
ments that are still underway. Ear reconstruction can be largely 
divided into two stages, creating a framework, and then cover-
ing the framework using a thin but firm structure [7]. Posttrau-
matic ear deformities are usually accompanied by defects of the 

Fig. 1. Patient’s photograph before operation. Previously operated 
anterolateral thigh flap and the posttraumatic scar was noted at 
the frontotemporal area. (A) Front view. (B) Lateral view.

Fig. 2. Elevated temporoparietal fascia flap with superficial 
temporal artery.
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surrounding structure, so it is especially important to accurate-
ly identify the location, size, and depth of the injury to deter-
mine the optimal treatment option. 

Luo et al. [2] classified posttraumatic ear deformity into five 
types, according to the involved tissue components, size of de-
fects, and status of surrounding soft tissues. The most severe 
type obviously includes partial or total ear loss, with no healthy 
surrounding skin or soft tissue, including temporoparietal fas-
cia. In the most severe types, it is possible to employ auricular 
silicone prosthesis with bone anchoring for patients who desire 
minimal surgical intervention; otherwise, reconstruction with 
a free flap is possible. 

For the free flap reconstruction, temporoparietal fascia free 
flap and radial forearm free flap are possible options. Temporo-
parietal fascia is considered as an attractive option in that the 
fascia is thin and flexible, and scarring can be hidden by the 
patient’s hair [8,9]. 

An artificial framework or autologous rib cartilage are two 
options for ear cartilage framework. Autologous rib cartilage is 
a possible option not only for congenital ear reconstruction but 
also for posttraumatic ear reconstruction. As the patient gets 
older, it becomes difficult to make the natural intricate cartilage 
folds with autologous rib cartilage due to calcification [10]. 

For successful reconstruction results, posttraumatic ear re-
construction requires an appropriate choice of surgical method 
considering the damage. Furthermore, the patient’s preference 
between single-stage and multiple-stage reconstruction is an 
important consideration [2]. In case of two-stage reconstruc-
tion, a framework is made with remaining all available struc-
tures in the first stage, and auricular elevation is performed in 

Fig. 3. (A) Polyethylene ear framework was covered with the 
fascia flap and laid on desired position. Pedicle was laid caudal to 
the external auditory meatus, through the subcutaneous tunnel 
beneath the remnant ear lobule. Microanastomosis was performed 
between the free flap perforator and facial artery. (B) Immediate 
postoperative photograph (lateral view).

Fig. 4. A photograph of patient 1 month after the operation. The 
flap was well-taken without complication.

Fig. 5. A photograph of patient 9 months after the operation. (A) 
Front view. (B) Lateral view.
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the second stage. In this case, the patient wanted a single-stage 
ear reconstruction after the trauma of the highest degree com-
bined with an unreliable ipsilateral superficial temporal artery 
from a previous free flap operation. Single-stage reconstruction 
with a contralateral temporoparietal fascia free flap using a fa-
cial artery as the recipient vessel can be a treatment of choice in 
similar cases of posttraumatic ear deformity. 
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Introduction 

Schwannoma, or neurilemmoma, is a benign neoplasm that arises from 
Schwann cells that surround the peripheral, cranial, or autonomic nerve sheaths. 
Schwannoma has been reported to occur mainly as a singular lesion of the sacral 
nerve and sciatic nerve of a young adult [1]. Plexiform schwannoma, a subtype of 
schwannoma, is a rare neoplasm known to occupy 2% to 5% of total schwannom-
as. It is most prevalent in adults in their 2nd to 5th decades of life. Most are well 
demarcated and are sized less than 2 cm, showing asymptomatic, slow growth 
[1,2]. However, plexiform schwannomas resulting from a single nerve with a 
greater than 2 cm and accompanied by symptoms are extremely rare [3]. Authors 
experienced and treated successfully a case of multiple plexiform schwannomas 
which is symptomatic and 4.2 cm, 2.8 cm sized in the superficial radial nerve. 

Case report 

The patient was a 66-year-old female. Since 10 years ago, masses were present 
in her left elbow joint and her forearm. No assessment or treatments were con-
ducted. She presented to our clinic with two enlargement of the masses and tin-
gling sensations around the masses. Her symptoms were minimal, and the masses 
were assessed as benign neoplasm. As a result, she was asked to follow up in 6 
months of careful observation. However, worsening of the symptoms and en-
largement of the masses led her to return to the outpatient clinic (Fig. 1). 

Initial examination reported pain of visual analog pain scale 3, tenderness and 
tingling sensations around the masses. Tinel’s sign was present around the dorsal 
aspect of the first web space of affected hand, where the superficial radial nerve 
distributes. Motor power of the elbow joint, carpal joint, and hand was normal. 
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Case Report
Schwannoma, or neurilemmoma, is a benign neoplasm that arises from Schwann cells, 
which surround peripheral, cranial, and autonomic nerve sheaths. Schwannoma has 
been reported to occur mainly as a singular lesion of the sacral nerve or sciatic nerve 
in young adults. Plexiform schwannoma, a subtype of schwannoma, is a rare neoplasm 
known to account for 2% to 5% of total schwannomas. Schwannoma of the upper 
extremities is relatively rare and is reported to occur mostly in the ulnar nerve. We re-
port, with a literature review, a case of 4.2-cm and 2.8-cm symptomatic multiple 
plexiform schwannomas that occurred in the superficial radial nerve and were treated 
without neurologic sequelae by surgical resection. 
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No significant findings were observed on the simple radio-
graphs. An ultrasound reported two neurogenic neoplasms, 
each sized 4.2 cm and 2.8 cm and located in the anterior side of 
the left elbow joint and the left forearm (Fig. 2). Magnetic reso-
nance imaging (MRI) study reported two neurogenic neo-
plasms, each sized 4.5 × 3.1 cm and 2.8 × 2.1 cm, located in the 
anterior side of the left elbow joint and the left forearm. Both 
masses had originated from the superficial radial nerve (Fig. 3). 

The operation was conducted under a nerve block of the ax-

illary upper arm. After a linear skin incision was made over the 
mass site, the superficial radial nerve including the mass was 
exposed, and then the epineurium enclosing the mass was in-
cised longitudinally to exfoliate the mass easily. Then, the mass 
was removed and the epineurium was sutured with 6-0 Prolene 
(Ethicon, Somerville, NJ, USA) suture material (Fig. 4). The 
same procedure was done on the distal mass. Pathologic exam-
inations following a hematoxylin and eosin stain reported the 
Antoni A area with regular patterns and cellularity and the An-

Fig. 1. Preoperative clinical photographs of the patient. Multiple masses presented in the anterolateral aspect of patients left forearm. (A) 
In the anterior view, each sized 5 cm and 3.5 cm, circular masses were located in the anterior side of proximal and distal area of forearm. 
(B) In the lateral view, large size mass was located in the proximal area of forearm.

Fig. 2. Ultrasound images. (A) An ovoid, hypoechoic lesion with a length of 4.2 cm was observed in the anterior aspect of the left elbow, 
connected to the superficial radial nerve on an ultrasound examination. (B) An ovoid, hypoechoic lesion with a length of 2.8 cm was 
observed in the anterior aspect of the left forearm, located near the median nerve, but the connection was uncertain based on the 
ultrasound examination.
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Fig. 3. Magnetic resonance images at the level of the forearm demonstrate areas of low signal intensity on T1-weighted imaging and 
intermediate to high signal intensity on T2-weighted imaging that are connected to the superficial radial nerve. (A) A mass with a length 
of 4.5 cm is observed on the anterior aspect of the elbow. (B) A mass with a length of 3.0 cm is observed on the anterior aspect of the 
forearm. (C) Two masses are observed on the sagittal view.

Fig. 4. Intraoperative clinical photographs of multiple schwannomas of the upper arm at the level of the elbow (A-C) and the anterior 
aspect of the mid-forearm (D-F).

toni B area with low cellularity (Fig. 5). A well-defined multi-
nodular bipolar mass was verified under a Masson’s trichrome 
stain, and a strong positive was verified under immunohisto-
chemical staining (Figs. 6, 7). Both masses were diagnosed as 
plexiform schwannoma. 

A splint was applied after surgery. The splint and suture ma-
terials were removed 2 weeks later after surgery. The patient re-
covered her full range of motion and returned to her daily ac-
tivities. The Weber’s two-point discrimination test by calipers 
on the affected site and normal site were 9 mm and 6 mm, re-

spectively at the postoperative 18 months. There was sensory 
impairment slightly, but near normal category. 

Written informed consent for publication of the clinical im-
ages was obtained from the patient.

Discussion 

Schwannoma is a benign soft tissue neoplasm, arising from 
the nerve sheath cells (Schwann cells) of the nerve sheath. It is 
known to mainly occur in adults in their 3rd to 6th decade of 
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Fig. 5. Light microscopic findings and gross mass images of the left elbow (A, B) and forearm (C, D). The tumors are cases of plexiform 
neurilemmomatosis, showing multilobulated nodules with hypercellular Antoni A areas and hypocellular Antoni B areas (hematoxylin and 
eosin stain, ×40).

Fig. 6. Well-defined multinodular and biphasic tumor (Masson’s trichrome). (A) ×15, (B) ×40.
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life [4]. Sex does not seem to affect the prevalence of schwan-
noma. As a benign neoplasm that arises from the peripheral 
nerves, schwannoma requires differentiation from neurofibro-
ma. Unlike the latter, the former is surrounded by a sheath. 
Notably, plexiform schwannoma, a subtype of schwannoma 
and a rare type of neoplasm known to constitute 2%–5% of to-
tal schwannoma, was named after the plexiform nerve sheath 
cells between the dermis and the subcutaneous tissues [2]. 
Plexiform schwannoma is prevalent in adults in their 2nd to 
5th decade of life, and most show asymptomatic and slow 
growth [5]. While reports suggest that schwannoma can origi-
nate from any nerve, it is known to most often originate as a 
single lesion in the portion where flexion occurs at the ex-
tremities, especially the sacral nerve and the spinal nerve [6]. 
Twelve to nineteen percent of the total schwannoma occurs in 
the upper arms, among which mostly originate from the ulnar 
nerve and the median nerve [3]. Most plexiform schwannom-
as are asymptomatic and less than 2 cm in size. And, symp-
tomatic plexiform schwannomas with a large size of more than 
2 cm have been reported very rarely. Symptomatic large-sized 
multiple plexiform schwannomas that occur simultaneously at 
least two masses in a single nerve are extremely rare [1,6]. 
However, in this case, the size was 4.2 cm and 2.8 cm, which is 
much larger than typical tumor size originating from single 
nerve and is symptomatic with pain, tenderness, sensory 
change, and Tinel’s sign. 

Ultrasound images and MRI study is reported to help diag-
nosis of schwannoma. Schwannoma is identified as a well-de-
marcated round mass in an ultrasound. The internal portion 
may be heterogeneous or homogenous and is connected to ad-

Fig. 7. Immunohistochemical staining of tumor nodules shows strong positivity for S-100 protein (×40). (A) Mass on the anterior aspect 
of the elbow. (B) Mass on the anterior aspect of the forearm.

jacent nerves. T1-weighted MRI is reported to show isointense 
signals, while T2-weighted MRI is reported to show heteroge-
nous signal intensities with hyperintense signals [7]. Stull et al. 
[8] reported that signs such as nerve entering and existing sign, 
splint fat sign, and target sign can help the diagnosis of schwan-
noma. While not essential for the treatment of schwannoma, 
surgical resection is the only method to reach a pathologic di-
agnosis. Pathologically, schwannoma can be separated into ar-
eas Antoni A and B. Antoni A area is composed of spin-
dle-shaped cells. Strong positive results for S-100 protein are 
obtained from the immunohistochemical staining, which is a 
sign specific to schwannoma as opposed to neurofibromatosis, 
where such results are absent. Since it is common for schwan-
nomas to form a sheath, careful dissection from the originating 
nerve can lead to the excision of the neoplasm with minimal 
damage to the nerve. Careful surgical resection is needed since 
postoperative neural damage may be induced if the nerve per-
forated the center of the neoplasm.  

Authors experienced and treated without neurologic sequel-
ae by surgical resection a case of multiple plexiform schwanno-
mas which are 4.2 cm and 2.8 cm sized in the superficial radial 
nerve have pain, tenderness, sensory impairment, and Tinel 
sign, and report it with literature. 
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should disclose any potential conflicts of interest and financial support. 
Statements on conflict of interest have no influence on the editorial 
decision to publish.

For policies on research and publication ethics not stated in the in-
structions, If the journal faces suspected publication misconduct, Ar-
chives of Hand and Microsurgery adheres to the flowchart described 
by the Committee on Publication Ethics (External link http://publica-
tionethics.org/resources/flowcharts).

Copyright

All material published in Archives of Hand and Microsurgery is vested 
in Korean Society for Surgery of the Hand, Korean Society for Micro-
surgery, and Korean Society for Surgery of the Peripheral Nerve. The 
corresponding author of each manuscript will be required to complete 
a copyright assignment form on acceptance of the manuscript.

Peer review

The review process is strictly confidential. All submitted papers are 
peer-reviewed by more than two accredited experts in the correspon-
sive field. A decision on the publication of letters to the editor-in-chief 
is made by reviewers. A decision on acceptance or rejection for publi-
cation is sent to the corresponding author. When the final version of 
an accepted manuscript is prepared according to the requirements of 
the journal, the publication date is determined. Rejected manuscripts 
will not be reconsidered for publication.

Submission of manuscript

The manuscript submission and review process is entirely online at 
http://submit.handmicro.org. Authors should check the author 
checklist and sign the journal’s copyright transfer form in manu-



script submission. Manuscripts should be submitted as MS-Word, 
or PDF files. Authors should check converted files before final sub-
mission.

If you have any questions about the online submission process, 
contact the Editorial Office by e-mail at journal@handmicro.org or 
by telephone at Tel: +82-31-249-7186.

Reporting guidelines for specific study designs
For the specific study design, such as randomized control studies,-
studies of diagnostic accuracy, meta-analyses, observational studies 
and non-randomized studies, it is recommended that the authors 
follow the reporting guidelines listed in the following table.

Initiative Type of study Source
CONSORT Randomized controlled 

trials
http://www.consort-statement.

org
STARD Studies of diagnostic ac-

curacy
http://www.stard-statement.org

PRISMA Preferred reporting items 
of systematic reviews 
and meta-analyses

http://www.prisma-statement.
org

STROBE Observational studies 
inepidemiology

http://www.strobe-statement.org

MOOSE Meta-analyses of obser-
vational studies in epi-
demiology

https://jamanetwork.com/jour-
nals/jama/article-ab-
stract/192614

Organization of the manuscript
Manuscripts not complying with these requirements will be re-
turned to the author(s) for appropriate formatting modifications 
prior to review. Information on the authors and their affiliations 
should not be included in the manuscript other than the title page.

The manuscripts should be arranged in the following 
order
Title page, blinded title page (title only), English abstract, Korean 
abstract, introduction, materials and methods, results, discussion, 
conclusion, references, tables, figure legends, and figures. The text 
should be typed in 10-point font and double-spaced with 3 cm 
margins on all four sides. Each page should contain less than 100 
characters per line and less than 30 lines. Original articles should 
not exceed 10 pages from the abstract to the references and case re-
ports should contain no more than 5 pages. Pages should be num-
bered sequentially from the abstract page to figure legends. Every 
line should not be numbered because it is automatically created 
during pdf conversion. Author check list and Copyright transfer 
should be assigned to keep online submission.

Title page
The title page should contain the full title of the paper (in English), 
the names of the authors and of the institutions (in English), the 
full title of the paper (in Korean), the names of the authors and of 
the institutions (in English), and information on the corresponding 
author.

The title should be succinct and accurate, if possible and must 
include important words of the study. It should be avoided as much 
as possible to lead with expressions like “clinical research on~” or 
“the study on~”. The title should not have more than 30 Korean 
characters and 20 English words.

If authors are at different institutions, first present the institution 
where most of the work was carried out, and indicate individual 
departments and institutions by inserting a superscript letter im-
mediately after the author’s name, and the same letter in front of the 
appropriate institution (when necessary, the superscript letters 
should be used in the following order: Arabic number 1,2,3 ...). The 
address, telephone number, fax number, and e-mail address of the 
corresponding author should be placed in the lower portion of the 
title page both in Korean and English.

Every person listed as an author should have materially partici-
pated in the design, execution, and analysis of the study and should 
verify the accuracy of the entire manuscript before its submission. 
Lesser contributions are appropriately noted in an acknowledgment 
section on the title page. The first name and the last name should 
be written in this order for English names. The surname and the 
first name should be written in this order not separated by a space 
for Korean names.

In the blind title page, only the title of the manuscript should be 
written both in Korean and English. Information on the names of 
the authors and their affiliations should not be included.

Abstract
Information on the authors and their affiliations should not be in-
cluded in the abstract. Also, do not include footnotes or references 
in the abstract. For organization of manuscripts, the English ab-
stract and Korean abstract should be on the first page and the sec-
ond page, respectively. The abstract should not exceed 500 charac-
ters and 250 words for Korean abstract and English abstract, re-
spectively. The abstracts should contain the same contents. The ab-
stract should state the purpose, methods, results, and conclusion in 
each paragraph in a brief and coherent manner. Under the Korean 
abstract, keywords should be inserted in Korean while under the 
English abstract, keywords should be written in English (maximum 
6 words). They should be listed in the following order: anatomical 
name (illness), diagnosis (area), and treatment, for example, 
scaphoid, Fracture, Herbert Screw for a paper entitled, “Operative 
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Treatment of Carpal Scaphoid Fractures with Herbert Screw”. Ab-
breviations or references are not allowed in the abstract. For the se-
lection of keywords, refer Medical Subject Heading (MeSH, http://
www.ncbi.nlm.nih.gov/mesh).

The abstract should be structured to include the following sec-
tions: Purpose: The rationale, importance, or objective of the study 
should be described briefly and concisely in one to two sentences. 
Methods: The procedures conducted to achieve the study purpose 
should be described in detail, together with relevant details con-
cerning how data were obtained and analyzed and how research 
bias was adjusted. Results: Provide results, with data, p-values, and 
standard deviation of mean (or standard deviation). Present most 
important findings first. Please provide p-values and numbers to 
support your methods findings. Conclusion: State only what your 
study identified and what it demonstrated. Do not include extrane-
ous information not backed up by the data of your study.

Main text

Materials and Methods
Institutional review board approval and informed consent from the 
human subjects, when applicable, must be stated. Describe the 
study design (prospective or retrospective, duration of the study, 
inclusion and exclusion criteria) and the demographics, length of 
follow-up, and followup methods. Explanations of the experimental 
methods should be concise, but yet enable replication by a qualified 
investigator. Ensure correct use of the terms sex (when reporting 
biological factors) and gender (identity, psychosocial or cultural 
factors), and, unless inappropriate, report the sex and/or gender of 
study participants, the sex of animals or cells, and describe the 
methods used to determine sex and gender. If the study was done 
involving an exclusive population, for example in only one sex, au-
thors should justify why, except in obvious cases (e.g., prostate can-
cer). Authors should define how they determined race or ethnicity 
and justify their relevance.

Results
Describe in detail the data obtained during the study following the 
order of the Methods. Data should be analyzed using appropriate 
statistical methods. All data in the text must be consistent with the 
rest of the manuscript, including data in tables, figures, and legends.

Discussion
In the Discussion, data should be interpreted to demonstrate 
whether they affirm or refute the original hypothesis. Care should 
be taken to avoid information obtained from historical facts and 
books and irrelevant to the purpose and results of the study. Dis-

cuss elements related to the purpose of the study and present the 
rationales that support the conclusion (summary) by referring to 
relevant literature. A discussion of study weaknesses and limitations 
should also be included.

Conclusion
The conclusion must be derived from your results. Here your new 
view of the problem you outlined in the introduction should be 
briefly stated.

References
To cite a reference with an author in the text, insert the author’s sur-
name only and the citation number in a square brackets (e.g., Kim 
[1]). For a reference with two authors, list both names in the cita-
tion (e.g., Kim and Park [2]). For a reference with three or more au-
thors, use ‘et al.’ (Kim et al. [3]). If two or more citation numbers are 
required, separate numbers with a comma (,) or a dash (-) (e.g., 
Boyes [1-3], Chapman [1,2,7]).

The number of references is limited to 40 for original articles and 
10 for case reports. The references should be listed on a separate 
page according to the citation order in the text (not alphabetically). 
Papers published in domestic journals should also be written in En-
glish according to the citation order in the text. References to jour-
nal articles should conform to the journal title abbreviations used 
in the Index MEDLINE. If a reference has six or fewer authors, dis-
play all the author names. When more than seven authors, list the 
first three then add “et al.” Use the author’s surname followed by 
initials without periods.

Other types of references not described below should follow Cit-
ing Medicine: The NLM style guide for authors, editors, and pub-
lishers (http://www.ncbi.nlm.nih.gov/books/NBK7256/).

Examples of references are as follows:

Journal article
1. Han HH, Choi EJ, Oh DY, Moon SH. The usefulness of micro-

surgical pedicle lengthening in free anterolateral thigh flaps. Mi-
crosurgery. 2016;36:559-66.

2. Lipina M, Makarov M, Mukhanov V, et al. Arthroscopic synovec-
tomy of the knee joint for rheumatoid arthritis. Int Orthop. 
2019;43:1859-63.

Book
3. Canale ST, Beaty JH. Campbell’s operative orthopaedics. New 

York, NY: Mosby; 2013.
4. Boyer MI. Flexor tendon injury: acute injuries. In: Green DP, 

Hotchkiss RN, Pederson WC, Wolfe SW, editors. Green’s opera-
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tive hand surgery. 5th ed. Philadelphia, PA: Elsevier; 2005. p. 219-
40.

Online publication
5. Mackenzie SP, Stone OD, Jenkins PJ, et al. Carpal tunnel decom-

pression in patients with normal nerve conduction studies. J 
Hand Surg Eur. 2019 Aug 21 [Epub]. http://doi.org/10.1177/ 
1753193419866646.

Online sources
6. National Cancer Information Center. Cancer statistics in 2017 

[Internet]. Goyang, Korea: National Cancer Information Center; 
c2019 [cited 2019 Oct 15]. Available from: https://www.cancer.
go.kr/lay1/S1T639C640/contents.do.

Tables
Tables should be prepared with English characters and Arabic nu-
merals and given a brief title in a phrase or a clause. Tables should 
be numbered in the order in which they are mentioned in the text. 
If an abbreviation is used in a table, it should be defined in a foot-
note below the table. The symbols should be used in the following 
order: a), b), c), d), e). Each symbol must be defined in a footnote. Do 
not give the same information in tables that you give in the text or 
in figures.

Figure Legends
Illustrations should be numbered in the order in which they are 
mentioned in the text. Each illustration should have a legend pro-
vided in a sentence (not in a phrase) on a separate manuscript page 
after references. Staining techniques used should be described. 
Photomicrographs with no inset scale should have the magnifica-
tion of the print in the legend.

Figures
Papers containing unclear photographic prints may be rejected. Each 
figure should be prepared in a separate file. The name of an image file 
should not contain the name(s) of the author(s) and must match the 
figure number such as Fig1.jpg. If a figure contains two or more pho-
tographs, they should be assigned an Arabic numeral followed by cap-
ital letters in the English alphabet (example: Fig. 1A, Fig. 1B). Photo-
graphs of different patients should not be included in one figure and 
remove any writing that could identify a patient. When the release of 
confidential information is necessary, a written consent of the patient 
or the patient’s guardian should be submitted with photographs. Sub-
mit illustrations in JPEG, TIFF or GIF format. Color images will be 
accepted only when essential. However, photomicrographs are rec-
ommended to be prepared in color. Authors are responsible for the 

cost of color figures in print. Arrows or letters in figures should be 
inserted by Photoshop or Powerpoint. When accepted, the original 
figure files should be submitted. When using a digital camera, set 
the resolution to a minimum of 300 ppi (pixels per inch), and set 
the size of the image to 5 × 7 in (127 × 178 mm). Color and gray-
scale images, such as radiographs, must have a minimum resolution 
of 300 dpi, and line art drawings such as graphs must have a mini-
mum resolution of 1,200 dpi. Any illustrations previously published 
should be accompanied by the written consent of the copyright 
holder which should be indicated below the figure. Authors expla-
nation on the arrangement of figures can be inserted, if necessary.

Acknowledgements
Authors should acknowledge those who do not qualify as authors 
but who contributed to the research. Authors of manuscripts must 
disclose any potential conflicts of interest, research funding, and fi-
nancial support in “Acknowledgements”.

Acknowledgements are appropriately noted in the title page.

Special features

Case Reports
A publication decision is based not on the rarity of a reported case 
but on its academic contribution.

Abstract
The English Abstract and the Korean abstract should not exceed 
150 words and 350 characters, respectively. The abstract must be 
written as one unstructured paragraph.

Introduction
The reason for reporting the case and background should be stated 
in a clear and cohesive manner.

Case report
This section should include only relevant elements in a succinct 
manner.

Discussion
Discussion should focus on the case and pertinent literature.

Review Articles
Review articles should focus on a specific topic. Publication of these 
articles will be decided upon by the Editorial Board. Format of a re-
view article is not limited.
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Letters to the Editor
The journal welcomes readers comments or criticisms on articles 
published recently in the journal.

Article processing charge

There are no author submission fees or other publication-related 
charges. All cost for the publication process is supported by the Pub-
lisher. Archives of Hand and Microsurgery is a so-called platinum 
open access journal which does not charge author fees.
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Research ethics guidelines

For the policies on research and publication ethics, follow the poli-
cies established by the ‘Good Publication Practice Guidelines for 
Medical Journals 2nd’ (https://www.kamje.or.kr/board/view?b_
name = bo_publication&bo_id = 7) or the ‘Ethical Guidelines on 
Good Publication’ (http://publicationethics.org/resources/guide-
lines) or ‘Ethical Considerations in International Committee of 
Medical Journal Editors’ (http://www.icmje.org/index.html), espe-
cially those on the disclosure of conflicts of interest, statement of in-
formed consent, statement of human and animal rights, institution-
al review board, authorship, originality, duplicate publication, and 
clinical trials registry. Any attempt to duplicate publication or any 
plagiarism will lead to automatic rejection, may prejudice the accep-
tance of future submissions, and may be highlighted within the pag-
es of the journal. And the Journal follows the Code of Conduct 
(http://publicationethics.org/resources/code-conduct) of the Com-
mittee on Publication Ethics (COPE) (http://publicationethics.org/), 
and follows the COPE Flowcharts (http://publicationethics.org/re-
sources/flowcharts) for resolving cases of suspected misconduct.

Author and Authorship

An author is considered as an individual who has made substantive 
intellectual contributions to a published study and whose author-
ship continues to have important academic, social, and financial 
implications. The ICMJE has recommended the following criteria 
for authorship: (1) substantial contributions to conception and de-
sign, acquisition, analysis, and interpretation of data; (2) drafting 
the article or revising it critically for important intellectual content; 
and (3) final approval of the version to be published. (4) Agreement 
to be accountable for all aspects of the work in ensuring that ques-
tions related to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. Authors should meet crite-
ria 1, 2, and 3. These criteria are applicable to those journals that 
distinguish the authors from other contributors.

Duplicate Publication

Manuscripts are only accepted for publication in journals if they 
have not been published elsewhere. Manuscripts published in this 
journal should not be submitted for publication elsewhere. If the 
author(s) wishes to obtain a duplicate or secondary publication for 

various other reasons, such as for readers of a different language, 
he/she should obtain approval from the editor-in-chief of both the 
first and second journal.

Conflict of Interest

Conflict of interest exists when an author (or the author’s institu-
tion), reviewer, or editor has financial or personal relationships that 
inappropriately influence his/her actions (such relationships are also 
known as dual commitments, competing interests, or competing 
loyalties). All authors should disclose their conflicts of interest, i.e., 
(1) financial relationships (such as employment, consultancies, 
stock ownership, honoraria, paid expert testimony), (2) personal re-
lationship, (3) academic competition, and (4) intellectual passion. 
These conflicts of interest must be included as a footnote on the title 
page or in the acknowledgement section. Each author should certify 
the disclosure of any conflict of interest with his/her signature.

Protection of Privacy, Confidentiality, and 
Written Informed Consent

The ICMJE has recommended the following statement for the pro-
tection of privacy, confidentiality, and written informed consent: 
The rights of patients should not be infringed without written in-
formed consent. Identifying details should not be published in writ-
ten descriptions, photographs, and pedigrees unless it is essential 
for scientific purposes and the patient (or his/her parents or guard-
ian) provides written informed consent for publication. However, 
complete patient anonymity is difficult to achieve; therefore, in-
formed consent should be obtained in the event that anonymity of 
the patient is not assured. For example, masking the eye region of 
patients in photographs is not adequate to ensure anonymity. If 
identifying characteristics are changed to protect anonymity, au-
thors should provide assurance that alterations do not distort scien-
tific meaning and editors should take note of this. When informed 
consent has been obtained, it should be indicated in the published 
article.

Protection of Human and Animal Rights

While reporting experiments that involve human subjects, it should 



be stated that the study was performed according to the Helsinki 
Declaration (https://www.wma.net/what-we-do/medical-ethics/
declaration-of-helsinki/) and approved by the Research Ethics 
Committee (REC) or the Institutional Review Board (IRB) of the 
institution where the experiment was performed. A written in-
formed consent should be obtained from all subjects. In the case of 
an animal study, a statement should be provided indicating that the 
experiment process, such as the breeding and the use of laboratory 
animals, was approved by the REC of the institution where the ex-
periment was performed or that it does not violate the rules of the 
REC of the institution or the NIH Guide for the Care and Use of 
Laboratory Animals (Institute of Laboratory Animal Resources, 
Commission on Life Sciences, National Research Council, https://
grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-labora-
tory-animals.pdf). The authors should preserve raw experimental 
study data for at least 1 year after the publication of the paper and 
should present this data if required by the editorial board.

Registration of the Clinical Research and Data 
Sharing Policy

Any research that deals with clinical trial should be registered to the 
primary national clinical trial registration site such as http://cris.
nih.go.kr/cris/index.jsp, or other sites accredited by World Health 
Organization or ICMJE.

This journal follows the data sharing policy described in “Data 
Sharing Statements for Clinical Trials: A Requirement of the Interna-
tional Committee of Medical Journal Editors”. The ICMJE’s policy re-
garding trial registration is explained at http://www.icmje.org/recom-
mendations/browse/publishing-and-editorial-issues/clinical-trial-reg-
istration.html#two. If the data sharing plan changes after registration 
this should be reflected in the statement submitted and published with 
the manuscript, and updated in the registry record.
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Author’s checklist

Research Ethics Guidelines

1 The manuscript has not been previously submitted for publication to other journals. The “Good Publication Practice Guide-
lines for Medical Journals 2nd (https://kamje.or.kr/intro.php?body= publishing_ethics)” was applied for the bioethics and 
the patient’s agreements.

□ Yes    □ No

Preparation of Manuscript

2 The manuscript is arranged in the following order: title page, blind title page (title only), English abstract, Korean abstract, 
introduction, materials and methods, results, discussion, conclusion, references, tables, figure legends and figures.

□ Yes    □ No

3 Pages are numbered consecutively from the English abstract to figure legends on the last page. □ Yes    □ No

4 The text is double-spaced and each page contains less than 100 characters per line and less than 30 lines. □ Yes    □ No

5 The total length from the English abstract to the references (excluding title page, tables, figure legends, and figures) is not 
more than 10 pages for original articles and 5 pages for case reports.

□ Yes    □ No

Title page

6 In the tile page, the address for correspondence (including telephone number, fax number, and e-mail address) is placed 
both in Korean and English, and acknowledgement is also included, if any.

□ Yes    □ No

7 Information on the name(s) and affiliation(s) of the author(s) are not disclosed in the manuscript except the title page. □ Yes    □ No

Abstract

8 The abstract states the purpose, materials and methods, results, and conclusion in each paragraph in a brief and coherent 
manner. Case reports are written as one unstructured paragraph.

□ Yes    □ No

9 The abstract for original article is in structured format up to 250 words and 500 characters for English abstract and Korean 
abstract. The abstract for case report is in unstructured format up to 150 words and 350 characters for English abstract and 
Korean abstract.

□ Yes    □ No

References

10 References are formatted according to the style required by Archives of Hand and Microsurgery. All references are cited in 
the text.

□ Yes    □ No

Figures

11 The resolution of figures is set to a minimum of 300 dpi and the size of the image file is less than 2 MB. □ Yes    □ No

12 If portraits are included, no writing that could identify a patient was left. □ Yes    □ No

13 Any figures or illustrations previously published are accompanied by the consent of the copyright holder which is indicated 
below the figure.

□ Yes    □ No

14 Figures are numbered in the order in which they are mentioned in the text. □ Yes    □ No

Tables

15 Tables are understandable, self-explanatory without references to the text, and are numbered in the order in which they are 
mentioned in the text according to instructions.

□ Yes    □ No

16 If an abbreviation is used in a table, it is defined in a footnote below the table. The symbols are used in the following order: *, 
†, ‡, §, ∥, ¶, **, ††, ‡‡. Each symbol is also defined in a footnote

□ Yes    □ No

In consideration of the review and/or editing of the material submitted for publication in Archives of Hand and Microsurgery, the author(s) hereby 
agree as above.

Author Name (First author or Corresponding author):                                                                                                                      (Signature) 



Copyright Transfer 
Agreement

In consideration of the review and/or editing of the material submitted for publication in Archives of Hand and Microsurgery, 
the author(s) hereby agree as follows:

· The author(s) hereby warrant the manuscript is not libelous, and the publication of the manuscript will not infringe upon or 
misappropriate any copyright, right to privacy or any other right of any person or other entity, releasing and holding harmless 
Korean Society for Surgery of the Hand, Korean Society for Microsurgery, and Korean Society for Surgery of the Peripheral 
Nerve.

· Each of the author(s) made a substantial contribution to the manuscript and approves the final version of the manuscript.

· The manuscript or a similar work has not been previously published and is not under consideration for publication by any 
person or entity other than Archives of Hand and Microsurgery.

· The author(s) hereby agree that Korean Society for Surgery of the Hand, Korean Society for Microsurgery, and Korean Society 
for Surgery of the Peripheral Nerve hold the copyright on all materials and the right to publish, transmit, sell and distribute 
them in the journal or other media if the journal elects to publish the manuscript.

· All author(s) appearing in the manuscript hereby agreed as above.

All authors appearing in manuscript should be signed in order.
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MAKE IT EASY. MAKE IT YOUR OWN.

LOGIQ™ P9 XDclear™

XDclear™Platform

GE Healthcare

XDclear™ 프로브. Advanced 
Image Processing Engine

LOGIQ™Apps
LOGIQ Photo
Remote Control

Shearwave 
Elastography
조직 경화도 측정

B-Steer+ 
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선명한 Needle tip display 
신속한 검사

High frequency 
Probe
L10-22-RS (~22MHz)    

JB00027KR
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