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Could immediate treatment change the management method of digital 
tendon musculotendinous junction avulsion?: a systematic review

Sam-Guk Park

Department of Orthopaedic Surgery, Yeungnam University Medical Center, Daegu, Korea

Background: We conducted a systematic review of the literature to investigate the correlation between the 
interval to treatment and management of tendon avulsion ruptures in the musculotendinous junction (MTJ) 
of the forearm.
Methods: A thorough literatures search for studies of tendon avulsion injuries at the forearm was conducted 
using PubMed, MEDLINE, CINAHL, and Cochrane databases in accordance with the PRISMA guidelines. 
In total, five case series and 15 case reports accounting for 87 injured tendons involving 60 patients were 
selected for the analysis.
Results: Twenty-six patients had 44 tendon injuries associated with avulsion amputations, 31 patients had 
38 tendon ruptures associated with closed avulsion injuries and three patients had five tendon ruptures 
associated with open avulsion injuries. Eighteen of the 49 (37%) patients were immediately treated for tendon 
ruptures and one of the 32 (3%) tendon ruptures treated via elective surgery was directly repaired. Addi- 
tionally, 18 of the 30 (60%) tendons were directly repaired and 12 of the 30 (40%) tendons were transferred 
or side-to-side repaired in the immediately treated series. In contrast, one of the 28 (4%) tendon ruptures 
were directly repaired and 27 of the 28 (96%) tendons were transferred or side-to-side repaired in the elec- 
tively treated series.
Conclusion: In managing digital tendon avulsions at the MTJ, an immediate treatment could provide an 
opportunity to repair the ruptured tendon directly to the muscle.
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INTRODUCTION

Avulsion injuries of the tendons at their musculotendinous 

junction (MTJ) associated with traumatic digit amputations 
have been documented in previous studies [1-6]. However, 
tendon avulsion ruptures at the MTJ in the absence of digit 

amputations are rare; thus, the reports are not sufficient to 

obtain recommendations for proper treatment. Boyes et al. 

[7] investigated 80 subcutaneous ruptures of the flexor ten-
dons and reported that avulsion at the tendon insertion ac-
counted for 62.8% of the studied cases, whereas avulsions 

at the MTJ accounted for only 5.1%. Although uncommon, 
tendon avulsion injuries at the MTJ could not be overlooked 
because treatment failures could result in an unrecognised 

compartment syndrome on a short-term basis when the ten-
dons are avulsed from their muscle belly on the forearm or 
lumbricals on the hand, or in significant disability on a long- 

term basis [8]. Although methods of conservative manage-
ment, such as splinting or wearing a brace, have occasionally 
been reported, most of the reported series involved cases of 

patients who underwent surgery or who had ruptures involv-
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ing the tendons [7,9-19]. Takami et al. [9] reported the larg-
est series of ten patients who sustained closed avulsion rup-
tures at the MTJ of the forearm. Nine of the ten patients 

underwent exploratory procedures, and the eight completely 
ruptured tendons were managed with tendon transfer or side- 
to-side repair. None of the injuries were open, and no pa-

tients underwent immediate surgery. Theoretically, direct re-
pair of injured tendons to the muscle could produce the best 
chance to achieve good function because the procedure mere-

ly entails the reconnection of two ends of a broken structure, 
with no additional dissection needed to expose or use other 
tendons [8]. However, the direct repair of such injuries is 

not usually feasible owing to the local muscle pathology, such 
as shredded, edematous muscle tissues and variable muscle 
retraction degrees [15,20]. In avulsion amputations, reattach-

ment of the tendon to its muscle is the most favoured form 
of treatment when the digit was replanted [8]. Stevanovic et 
al. [4] reported the largest series of 17 patients who sustained 

traumatic amputations of the thumb with the tendons avulsed 
from the MTJ. Ten of the 17 patients underwent direct repair 
of the injured tendons to the muscle at the MTJ [4]. Directly 

repaired tendon avulsion ruptures at the MTJ in the absence 
of digit amputations have rarely been reported [10,11,19,21], 
and a portion of the cases were managed with immediate 

surgery. To investigate the correlation between the interval 
to treatment and management of tendon avulsion ruptures 
at the MTJ, cases were gathered through a systematic review 

of the literature [1-7,9-21] along with our own case.

MATERIALS AND METHODS

A thorough literature search of studies in any language on 
PubMed, MEDLINE, CINAHL, and Cochrane Databases from 

1960 to 2015 was conducted. The search terms used in vari-
ous combinations included “tendon”, “injury”, “avulsion”, 
“rupture”, “musculotendinous”, “forearm”, “amputation”, 

“repair”, and “transfer”. Two independent investigators con-
ducted the search separately. Full text articles of relevant stu- 
dies were obtained, followed by an extraction of data from 

each relevant article. Some papers written in non-English lan-
guages (Japanese and German) were included in the data after 
translation [18,19,22]. References of the selected articles were 

reviewed to avoid omitting relevant studies not included in 
the original search. Articles were selected in accordance with 

clear inclusion and exclusion criteria, and inconsistencies re-
garding the study inclusion were resolved by mutual agree- 
ment.

1. Inclusion criteria

All reported patients with tendon rupture at the MTJ of 
the forearm were included in this study. The study encom-
passed cases associated with traumatic digit amputations or 

closed traction injuries and any other mechanisms of the in- 
jury. Flexor or extensor tendons of any digit and amputation 
levels anywhere between the wrist and the fingertip were 

also included.

2. Exclusion criteria

(1) Ruptures at other levels of the tendon or muscle, (2) 
avulsions at other levels, (3) tendon ruptures caused by lace- 

rations, (4) ruptures not caused by an acute trauma, (5) cases 
without proper treatment to restore finger function (revision 
amputation), (6) injuries associated with diseased tendons 

(e.g., rheumatoid arthritis), and (7) biomechanical studies 
were excluded from the study.

3. Data extraction

Data were collected for each tendon using a form that in-

cluded patient demographics, cause of injury, injury mecha-
nism(association with avulsion amputation or closed and open 
avulsion injuries), involved tendon, involved digit, level of 

bone amputation, interval to treatment, treatment method, 
duration of follow-up, and summary of reported outcomes 
(clinical outcomes and complications). These data were cate- 

gorised in accordance with the involved tendon, associated 
injury, interval from trauma to treatment, and management 
method to identify the determinant factor for direct repairs 

of the injured tendons to the muscle.

RESULTS

A flow diagram outlining the systematic literature review 
process is shown in Fig. 1. A literature search together with 

cross-referencing yielded 143 articles. After the removal of 
duplicates, 132 articles remained. Title and abstract reviews 
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Fig. 2. Incidence of injury and treatment of the tendons.

Fig. 1. PRISMA flow diagram.

Table 1. Patient demographics and details of the tendon injuries
Characteristic Number
Patients 60
  Gender (male:female) 53:7
  Mean age (yr) 33.5
  Work injuries 41
  Sports injuries 10
  Accident  9
Injured tendons 87
  Avulsion amputation 44
  Closed avulsion 38
  Open avulsion  5
  Flexor pollicis longus 25
  Flexor digitorum profundus  2
  Flexor digitorum superficialis  2
  Extensor pollicis longus 26
  Extensor digitorum communis 19
  Extensor indicis proprius 11
  Extensor pollicis brevis  1
  Extensor digiti minimi 1

excluded an additional 43 articles based on research objects 
irrelevant to our study. Of these 89 articles, 20 remained after 
the application of inclusion/exclusion criteria (one chart was 

from the author’s result) [1-7,9-21]. In total, five case series 
and 15 case reports, accounting for 87 injured tendons invol- 

ving 60 patients, were selected for the analysis. The general 
study and patient characteristics are summarised in Table 1. 
Most patients were men (53 men versus seven women), and 

their average age was 33.5 years (men, 33.8 years and women, 
30.4 years; range, 2-67 years). The dominant side was re-
corded in 34 of the 60 patients, with the dominant hand 

injured in 21 instances and the subordinate in 13. Forty cases 
were work injuries, ten were sports injuries, and nine were 
injuries caused by accidental trauma. The diagnostic findings, 

treatment methodology, and clinical outcomes of each study 
are shown in Table 2. Twenty-six patients had 44 injured 
tendons associated with avulsion amputations, 31 patients 

had 38 tendon ruptures associated with closed avulsion in-
juries and three patients had five tendon ruptures associated 
with open avulsion injuries. Eighty-four (97%) of the 87 ten-

don ruptures were treated surgically if the three partially rup-
tured tendons were subtracted. Fifteen of the 44 (34%) ten-
don ruptures, secondary to avulsion amputations, and seven 

of the 43 (16%) tendon ruptures, associated with avulsion 
injuries, were treated by direct repair (Fig. 2). Eighteen of 
the 49 (37%) immediately treated tendon ruptures and one 

of the 32 (3%) tendon ruptures treated via elective surgery 
were directly repaired (Table 2). If the three conservatively 
treated tendons (two that were partial injuries), six debrided 

tendons, and 12 tendons treated via tenodesis were excluded 
to compare direct repair with tendon transfer or side-to-side 
repair, then 18 of the 30 (60%) tendons were directly repai- 

red and 12 of the 30 (40%) tendons were treated via tendon 
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Fig. 3. Incidence of injury and treatment of the tendons, com- 
paring direct repair with tendon transfer or side-to-side repair, 
excluding conservative treatment, debridement, and tenodesis.

Table 2. Diagnostic findings and treatment methodology (number of injured tendons)
Avulsion (n=43) Amputation (n=44)

Closed (n=38) Open (n=5) Open (n=44)
Immediate

(n=2)
Delayed
(n=30)

Uncertain
(n=6)

Immediate
(n=3)

Delayed
(n=2)

Immediate
(n=44) 

Direct repair 1 1 3 2 0 15
Tendon transfer/side-to-side 0 25 3 1 2 11
Other methods 1 4 0 0 0 18

Other methods include conservative treatment, debridement, tenodesis, and plication.

transfer or side-to-side repair in the immediately treated se- 
ries (Fig. 3). Conversely, one of the 28 (4%) tendon ruptures 
were treated via direct repair and 27 of the 28 (96%) tendons 

were treated via tendon transfer or side-to-side repair in the 
electively delayed treated series (Table 2). The summarized 
data for each article are presented in Table 3.

DISCUSSION

When a longitudinal traction force is exerted in the oppo-
site direction of the muscular contraction along the entire 
musculotendinous unit, the weakest sections would be on the 

insertion of the tendon, followed by the MTJ [7]. Conseque- 
ntly, when the insertion of the tendon was compressed during 
the injury, the tendon would be more likely to rupture at the 

MTJ. This mechanism is similar to that in the patient whose 
gloved hand was caught in revolving machinery. Subcutane- 
ous avulsion rupture of apparently healthy tendons at the 

MTJ occurs infrequently, and has rarely been documented 
in literature. Consequently, the definitive optimal recommen- 
dations were not standardised yet. According to our research, 

40 of the 43 reported tendons completely ruptured, and 39 
were treated via surgery. Most of the reported charts were 
not open injuries, and no patients underwent immediate sur-

gery [13,15,16,18-20]. On the contrary, in the case of avul-
sion amputations and open avulsion injuries, most of the pa-
tients were treated immediately, and a substantial portion 

were treated via direct repair of the injured tendons to the 
muscle [4,5,11,19]. When tenodesis and debridement were 
excluded because they could not restore the gliding function 

of the tendon, 60% of the ruptured tendons were reattached 
to its muscle in the immediately treated cases. Conversely, 
96% of tendons were treated via tendon transfer or side-to- 

side repair in the electively delayed treated series. Conseque- 
ntly, when managing digital tendon avulsions at the MTJ, 
the interval until treatment was considered to be an impor- 

tant factor in determining the treatment method.
Reattaching the tendon to the muscle has not been widely 

recognised as an available treatment option for subcutaneous 

avulsion injuries because it is not usually feasible because the 
muscle was shredded, edematous, or retracted [15,20]. Con- 
versely, when treating a completely lacerated muscle disrup- 

tion, physicians would attempt to treat them immediately and 
reattach the ruptured stumps to each other via sutures through 
the fascia overlying the muscle. In the majority of cases, su-

tures through the fascia might provide the strength to close 
the ruptured muscle. To the best of our knowledge, no studies 
have adequately demonstrated the relationship between diffe- 

rent strengths of the muscle and pathological changes in the 
MTJ avulsion injuries over time. However, an experimental 
study of muscle injuries by Gallego et al. [24] showed that 

the ruptured muscle would be atrophied because it lost the 
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Table 3. Range of follow-up times, summary of reported outcomes, and percentage of patients able to return to their preoperative 
activities (work or sports)

Author No. of 
cases

No. of 
tendons Digit Involved 

tendon
Injury 
type

Level of 
amputation

Interval to 
treatment

Treatment 
algorithm

Range of 
follow up

Summary of 
reported outcomes

RTA
(%)

Culver [10] 1 1 D2 FDS Avulsion 2 wk Direct repair 10 mon Lack 5° of extension at 
the PIPJ with flexion 
95°

100

Givissis et al [11] 1 1 D1 FPL Avulsion Immediate Direct repair 30 mon 10°extension deficit, 
full flexion, opposition

100

Hoffman et al [1] 1 2 D5 FDP, FDS Amputation PIPJ Immediate Debridement  

Huemer et al [2] 1 1 D5 FDP Amputation DIPJ Immediate Debridement 7 wk 50° of flexion in the 
PIPJ, 30° in the DIPJ

Kameyama et al [12] 1 2 D5 EDC, 
EDM

Avulsion 4 mon FCR transfer 2 yr Full range of motion 100

Komura et al [13] 2 4 D2 EIP, 
EDC

Avulsion 6 d Debridement, side 
to side, EDM 
transfer, plication

3-6 mon 5° of index MP exten- 
sion lag, complete inde- 
pendent index extension

100

Milch et al [14] 1 1 D1 EPL Avulsion Uncertain EIP transfer 3 mon  

Mudgal et al [15] 1 2 D2, 3, 
4, 5

EIP, 
EDC

Avulsion 7 d FCR transfer 3 mon Good active MPJ 
extension, 60° of wrist 
motion limitation

100

Redden [16] 1 1 D1 EPL Avulsion 2 wk EIP transfer 4 mon Independent thumb 
extension without 
index extension lag

100

Stevanovic et al [4] 1 28 D1 FPL, EPL Amputation IPJ, PP, 
MCP

Immediate Suture to muscle, 
EIP transfer, PL 
transfer, ECRL 
transfer, 4th FDS 
transfer, debridement

3 yr Pinching 60%, grip 
70% 

Sunagawa et al [21] 1 2 D2 EIP, 
EDC

Avulsion Uncertain Suture to muscle, 
side to side

Takami et al [20] 1 1 D1 FPL Avulsion 2 wk 4th FDS transfer 1 yr Full range of motion 100

Takami et al [9]a) 10 13 D1, 2, 
3, 4

EPL, EIP, 
EDC

Avulsion 2 d–2 mon EIP transfer, EDM 
transfer, ECRL 
transfer, side to 
side, splinting

12–36 
mon

Full range of motion 100

Vlastou et al [5] 6 12 D1 FPL Amputation DP, PP, 
MCP

Immediate Tenodesis 3-10 mon  

Stuart et al [17] 1 1 D2 EIP Avulsion 3 d Side to side 3 mon Full range of motion 
with full power

Tsuge et al [18] 1 4 D2, 3, 
4

EDC Avulsion 4 wk–2 
mon

ECRL transfer, EIP 
transfer

Egawa et al [19]b) 7 7 D1, 2, 
3

FPL, EPL, 
EIP, EDC

Avulsion Immediate–
2 mon

Suture to muscle, 
tendon transfer, 
splinting

Doi [6] 1 1 D1 FPL Amputation PP Immediate 2nd FDS transfer 4 mon Do daily life without 
difficulty

Towfigh [22] 1 1 D1 EPL Avulsion Uncertain EIP transfer Full range of motion

Park SG 1 2 D2 EIP, 
EDC

Avulsion Immediate Side to side, suture 
to muscle

1 yr Full range of motion, 
15° lag at index MPJ 
independent extension

100

RTA (%), return to preoperative activities (percentage of patients in each group); D, digit (1 thumb, 2 index, 3 long, 4 ring, 5 small fingers); FDS, 
flexor digitorum superficialis; FPL, flexor pollicis longus; FDP flexor digitorum profundus; PIPJ proximal interphalangeal joint; DIPJ, distal interpha- 
langeal joint; EDC, extensor digitorum communis; EDM, extensor digiti minimi; EIP, extensor indicis proprius; EPL, extensor pollicis longus; IPJ, 
interphalangeal joint; PP, proximal phalanx; MCP, metacarpophalangeal joint. 
a)Delayed conservative treatment for 2 cases of partial tendon injury, b)immediate conservative treatment for 1 case of EDC tendon injury.

length-tension relationship, which is one of the main determi-
nants of disuse atrophy. Moreover, Kääriäinen et al. [25] pre-

sented an excessive dense scar formed at the site of the exten- 
sive muscle injury. In some cases of human MTJ avulsion 
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Fig. 4. Intraoperative photograph of the pulled-out extensor in-
dicis proprius and extensor digitorum communis tendons of the
index through an open wound at the right hand dorsum (the 
patient agreed to present the photograph in this paper).

Fig. 5. Antero-posterior and oblique radiographs of the hand 
showing a third metacarpal bone shaft open fracture.

Fig. 6. Intraoperative photograph showing that the third meta-
carpal bone fracture was fixed with a mini-plate, the 2nd finger’s
sagittal band was repaired, and the 3rd finger’s sagittal band was
reconstructed with a partially torn third finger extensor tendon.

Fig. 7. Intraoperative photograph showing that the proximal end
of the extensor indicis proprius tendon was sutured in an end-to-
side juncture to the index extensor digitorum communis tendon,
and the tendon stump was sutured directly to the muscle with 
the augmented Becker’s method.

injuries, muscle function was not restored for 4 months 
[12,18]. Muscle atrophy would be more severe and scar for-
mation would be more excessive because the tension was not 

restored for extended periods, which could result in the loss 
of strength to undergo suturing of the muscle.

Closed avulsion injuries have some important clinical fea-

tures, including ecchymosis, tenderness, swelling around the 
injured MTJ, aggravation of pain with an affected digit mo-
tion, and decreased or absent motion of the involved digits. 

Radiological equipment, such as magnetic resonance imaging 
and ultrasound, enable early diagnosis and visualisation of 
the extent of injuries. If serious damage is suspected in the 

examination, an immediate exploration could provide the 

chance to reconnect the two ends of a broken structure, with 
no additional dissection needed to expose and use other ten-
dons [8].

The case of an open avulsion injury treated by the author 
that was included in the data is described below. A 46-year- 
old, right-hand-dominant man injured his hand when it was 

caught in revolving machinery. The extensor indicis proprius 
(EIP) and extensor digitorum communis (EDC) tendons of his 
index were pulled out through an 8-cm open wound at the 

right hand dorsum (Fig. 4). Plain radiographs suggested a 
third metacarpal bone shaft open fracture (Fig. 5). He was 
brought to the operating room within 5 hours of the initial 

injury. After induction of general anaesthesia, the open wound 
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Fig. 8. Follow-up photographs 4 months after the surgery showing that the independent index metacarpophalangeal joint extension
returned close to normal (full flexion, 10° extension deficit), and all the fingers fully.

and muscle tissues attached at the avulsed tendons were de-

brided thoroughly, and the 3rd metacarpal bone fracture was 
fixed with a mini-plate (2.0 mm Modular Mini Fragment LCP, 
Synthes, West Chester, PA, USA) (Fig. 6). The sagittal band 

of the index finger ruptured, and the third finger’s sagittal 
band rasped away. The proximal end of the EIP tendon was 
sutured in an end-to-side juncture to the index EDC tendon. 

The skin incision was extended to the proximal third of the 
forearm to access the detached muscle belly. The proximal 
muscle was edematous and retracted, and there was a small 

tendinous substance within the muscle. However, the muscle 
was still elastic enough to reach the avulsed tendon. The ten-
don stump was sutured directly to the muscle with the aug-

mented Becker’s method 24 using a Nylon 4-0 (Ethilon; Ethi- 
con, Vienna, Austria). Length and tension were partially re-
stored tightly (Fig. 7). A splint holding the wrist, index, and 

third finger in extension was applied for 6 weeks. Passive 
motion exercises as postoperative rehabilitation commenced 
3 weeks postoperatively, and active motion exercises were 

initiated 6 weeks after surgery. The independent index meta-
carpophalangeal joint extension returned close to normal with-
in 4 months (full flexion, 10° extension deficit), and all fingers 

were fully extended (Fig. 8). Six months after surgery, the 
patient returned to his previous activities. The independent 
extension of the index finger could be an important factor 

for an active manual worker patient to return to his previous 
occupation.

This systematic review has limitations. The scarcity of data 

on this topic was an excuse for the emergence of this study, 
but ultimately was a unique weakness. High-level studies 
would be difficult to execute for this rare injury. Moreover, 

the quality of the studies could not be assessed since all 20 
included studies consist only of case reports and case series. 

Unfortunately, not one study describing the potential sig-

nificance of the treatment of tendon avulsion ruptures in the 
MTJ of the forearm currently exists. Additionally, objective 
data concerning range of motion, strength, and satisfaction 

category were absent from many reports; thus, evaluating the 
effectiveness of direct repairs was not possible.

In the management of digital tendon avulsions at the MTJ, 

immediate exploration could be considered if serious dam-
age, such as a complete rupture, is suspected in the physical 
examination and radiologic evaluation because it can provide 

an opportunity to repair the ruptured tendon directly to the 
muscle, with no additional dissection needed to expose and 
use other tendons.
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