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Monteggia fracture refers to fracture of the proximal 
ulna and simultaneous dislocation of the ipsilateral 
radiocapitellar joint.[1-6] This rare lesion can be seen in 
both adult and children. However, pediatric patients are 
more likely to be missed due to their non-compliance 
during physical examination, atypical radiographic 
signs and careless intraoperative exploration of the 
dislocated radial head.[7] A Monteggia fracture then 
becomes chronic, if the lesion is not managed properly 
four weeks after injured, leading to cubitus valgus, 
pain, nerve palsy and loss of upper limb range of 
motion (ROM).[1,2,4,6,8,9]

Chronic Monteggia fracture usually requires 
surgical intervention to restore the alignment of 

Objectives: This study aims to evaluate the efficacy of close-
wedge osteotomy and monorail external fixator in the treatment 
of chronic Monteggia fracture.
Patients and methods: Between January 2014 and December 
2021, data of a total of 22 patients (14 males, 8 females; mean 
age: 15.6±5.1 years; range, 6 to 25 years) who suffered from 
chronic Monteggia fractures were retrospectively reviewed. All 
the patients were treated for acute angulation of the ulna after 
osteotomy and gradual angulation for radial head reduction. 
Range of motion of the elbow and forearm, the angle between 
the longitudinal axis of proximal radius and the hypothesized 
Storen’s line (RSA), Visual Analog Scale (VAS), and Mayo 
Elbow Performance Score (MEPS), as well as Disabilities 
of Arm, Shoulder and Hand (DASH) score were recorded 
preoperatively and at the final follow-up.
Results: Objective parameters were all significantly improved 
in the aspects of range of motions of the elbow and forearm, 
and RSA (21.4±4.5° preoperatively and 2.0±1.4° at the final 
follow-up, t=18.20, p<0.05). The level of pain due to the chronic 
injury was eliminated, as the mean VAS was significantly lower 
at the final follow-up compared to preoperative scoring (2.8±2.0 
preoperatively and 0.5±0.9 at the final follow-up, t=4.86, p<0.05). 
The function of the elbow and upper limb was restored, which 
was indicated by improved MEPS (73.2±12.5 preoperatively 
and 96.6±6.4 at the final follow-up, t=7.70, p<0.05) and DASH 
(28.3±6.0 preoperatively and 4.1±2.0 at the final follow-up, 
t=19.35, p<0.05). No complication was observed.
Conclusion: Close-wedge osteotomy and gradual lengthening 
with monorail external fixator in the treatment of chronic 
Monteggia fracture showed great efficacy. We also provided a 
specified osteotomy site aiming at PRUJ reconstruction.
Keywords: Chronic Monteggia fracture, close wedge, gradual lengthening, 
monorail external fixator, radial head, ulnar osteotomy.
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the injured limb and the function of the elbow 
and forearm, which includes osteotomy of the 
ulna, reduction of the radial head, and repair of the 
annular ligament and trans-capitellar fixation in some 
cases.[1,2,10] While one-stage management through acute 
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elongation and angulation of the ulna and reduction 
of the radial head has been reported to achieve 
immediate reconstruction, several complications due 
to the distraction tension, including delayed union, 
compartment syndrome and re-dislocation of the 
radial head, sometimes occur.[8,11-15] On the other hand, 
gradual lengthening with external fixation may be an 
alternative to provide safe and effective correction of 
the composite deformities.[6,8,15-21]

In this study, we aimed to evaluate the efficacy of 
the novel use of close-wedge osteotomy and gradual 
lengthening with Ilizarov monorail external fixator in 
the treatment of chronic Monteggia fracture.

PATIENTS AND METHODS

This single-center, retrospective study was 
conducted at Department of Orthopedics, Shanghai 
Sixth People’s Hospital between January 2014 
and December 2021. Patients’ data were included 

when: (i) painful and/or limited elbow and forearm 
movements existed, which disturbed daily activities, 
(ii) the bony prominence and bending forearm 
became cosmetic problems, and (iii) patients or 
parents of pediatric patients agreed with surgical 
intervention, while patients who refused surgical 
reconstruction or whose forearm had deformities 
caused by other diseases, e.g., congenital or post-
traumatic proximal radioulnar synostosis multiple 
hereditary exostoses and chronic Essex-Lopresti 
injury, were excluded. A total of 22 patients 
(14 males, 8 females; mean age: 15.6±5.1 years; 
range, 6 to 25 years) who suffered from chronic 
Monteggia fracture were included. Except for nine 
of the patients who were skeletally mature (40.9%), 
the rest 13 (59.1%) were skeletally immature. The 
deformities were radiologically assessed according 
to Bado classification.[5] Eighteen of the deformities 
were classified as Bado type I, three as Bado 
type II, and one as Bado type III. Malunion ulna and 

TAblE I
Demographic data*

Case Age 
(year)

Sex Side Bado 
classification

FT 
(mo)

UL 
(mm)

EFI 
(d/cm)

BHI 
(d/cm)

DH TSI 
(year)

1 14 Male R Type 1 36 21 23.8 38.1 R 8

2 22 Male R Type 1 33 33 20.3 30.6 R 6.5

3 18 Male R Type 1 41 20 26.5 41.5 R 6

4 8 Male L Type 1 53 23 23.9 36.5 R 4

5 12 Female L Type 1 50 31 21.0 31.0 R 5

6 6 Female R Type 1 47 19 24.7 39.5 R 3

7 19 Male R Type 1 48 28 20.7 34.3 R 11

8 25 Male R Type 1 36 30 20.7 33.3 R 15

9 23 Female R Type 2 46 32 20.3 32.8 R 14

10 13 Female R Type 2 44 22 24.1 45.0 R 8

11 15 Male L Type 1 42 21 25.2 44.3 R 9

12 17 Male L Type 1 28 23 22.2 40.9 R 12

13 11 Female R Type 3 33 20 25.0 41.0 R 5

14 20 Male L Type 1 35 18 26.1 45.6 R 12

15 22 Male R Type 1 40 19 26.3 46.3 R 12

16 21 Female R Type 1 41 23 23.5 40.4 R 13

17 15 Female L Type 1 43 21 24.8 41.9 R 7

18 15 Male R Type 1 58 23 22.6 37.0 R 9

19 14 Male L Type 1 60 29 21.0 35.2 R 7

20 12 Female L Type 1 22 21 26.2 41.9 R 7

21 13 Male R Type 2 29 33 20.9 33.3 R 8

22 9 Male L Type 1 33 20 26.5 47.5 R 5

Average 15.6±5.1 40.8±9.6 24.1±5.0 23.5±2.3 39.0±5.1 8.5±3.4

FT: Follow-up time; UL: Ulnar lengthen gained; EFI: External fixation index; BHI: Bone healing index; DH: Dominant hand; TSI: Trauma-to-surgery interval.
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dislocated radial head existed in all of the patients 
preoperatively (Table I).

Surgical procedures and postoperative care

Two stages of operations were performed: (i) close-
wedge osteotomy, acute angulation and gradual 
lengthening of the ulna with monorail external 
fixator, and (ii) plate fixation once the lengthening 
was enough to reduce the radial head.

The first operation was carried out under brachial 
plexus nerve block anesthesia in adult patients and 
under general anesthesia in adolescents and children. 
The Boyd approach was utilized in patients whose 
preoperative range of forearm rotation was less 
than 100° (pronation plus supination) to debride 
of residual scar tissue. Monorail external fixator 
(Shanghai CIIC Hengkang Medical Instrument Co., 
Ltd. Shanghai, China) was, then, located with our 
specified positioning method and applied with two 
or more proximal half pins (Shanghai CIIC Hengkang 
Medical Instrument Co., Ltd. Shanghai, China) and 
two distal half pins. To facilitate the proximal ulna, 
one of the half pins should beneath the coronoid 
process as close as possible. We precisely located the 
rail and osteotomy site as follows:

a) On the transverse view, the cross section 
of the monorail was determined according to the 
relative position of the dislocated radial head, the 
hypothesized reduced radial head (R2) and olecranon 
(O) (Figure 1a).

b) On the lateral-medial view, the Storen’s line (LS), 
which travels through the center of the capitellum 
and proximal radial shaft, was applied to identify 
the alignment of the radiocapitellar joint.[22] Before 
osteotomy, the angle between the longitudinal axis of 
the monorail external fixator (LE) and the longitudinal 
axis of the ulna (LU) should equal to the angle (RSA) 
between the longitudinal axis of the radius (LR) and 
LS (Figure 1b).

c) Once the pins and external fixator were safely 
installed dorsal to the forearm, close-wedge osteotomy 
of the ulna was performed. We chose a plane where 
would be a possible proximal border of a radial notch 
according to the distance between the radial head and 
radial tubercle. Direction of the wedge equaled to the 
direction of the dislocated radial head, and the angle 
of the wedge should also equal to the RSA (Figure 1b). 
In Bado type I patients, the wedge was designed 
toward the anterior border of the ulna; to reduce the 
posteriorly dislocated radial head in type II patients, 
the wedge was designed toward the posterior border 
of the ulna; and for type III, toward the lateral border 

of the ulna. After osteotomy, the external fixator was 
adjusted to be parallel to the distal longitudinal axis 
of the ulna.

Gradual distraction began at a rate of 0.75 mm per 
day after a latency of 7 days. During the lengthening 
period, the radius was pulled distally and against 
the direction of the dislocation through forearm 
interosseous membrane. For patients who were 
skeletally immature, the callus was transfixed with 
two additional Kirschner wires. All patients were 
scheduled for the follow-up before reduction which 
included outpatient appointment every two weeks 

FIGURE 1. Conceptual graphs on how the monorail external 
fixator was located and how the osteotomy was performed. 
(a) On the transverse view, the midpoints (M1 and M2) of 
the segment which connects the dislocated radial head (R1) 
and olecranon (O), as well as the segment which connects 
the hypothesized reduced radial head (R2) and olecranon 
(O), are connected. This line must be perpendicular to 
the longitudinal axis of the rail. (b) The angle between the 
longitudinal axis of the monorail external fixator (LE) and 
that of the ulnar shaft distal to the osteotomy site (LU) before 
the osteotomy should equal to the angle (RSA) between the 
longitudinal axis of the radius (LR) and the Storen’s line (LS). 
A plane was chosen to perform osteotomy where would be 
a possible proximal border of a radial notch according to the 
distance between the radial head and radial tubercle. And 
the angle of the wedge should also equal to the RSA. After 
osteotomy, the external fixator was adjusted to be parallel to 
the distal longitudinal axis of the ulna.
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after distraction started and a last specific visit, if the 
radial head would be reduced within two weeks.

Postoperative movements of the shoulder, 
elbow, forearm and wrist was encouraged to avoid 
tendon adhesion and muscle atrophy.[23] The bony 
prominence (the dislocated radial head) gradually 
faded away during elongation and the reduction 
of radial head was confirmed by radiological 
examination. Another 15 to 20 days was waited 
for the stable formation of the fibrous tissue 
surrounding the radiocapitellar joint.

The monorail external fixator was completely 
removed before a locking compression plate (LCP) 
(Johnson & Johnson Medical Devices Co., Ltd., 
Shanghai, China) was inserted in the second step of 
surgery plan and the stability of the radiocapitellar 
joint was checked through full pronation of the 
forearm. Patients, then, kept the follow-up every 
month to ensure the bone union and reduction in one 
year. Eventually, the LCP was removed at least half a 
year after satisfying bone consolidation.

Data collection

Demographic data, including age, sex, injured 
side, dominant hand (DH), trauma-to-surgery interval 
(TSI), and follow-up time (FT), were collected via 
electric medical history system.

We evaluated the level of elbow pain with Visual 
Analog Scale (VAS) and ROM of the forearm and 
elbow preoperatively and at the time of final follow-
up. Correction-related data were also measured, 
including the preoperative RSA and that at the final 
follow-up, the amount of ulnar lengthening (UL) 
gained, external fixator time (EFT), external fixator 
index (EFI), consolidation time (CT), and bone healing 
index (BHI). The UL refers to the radiological difference 
between the preoperative length of the ulnar and its 
length measured at the final follow-up. The EFI and 
BHI were calculated through the following formulae:

The VAS was subjectively described by the patient 
preoperatively and at the final follow-up.

The ROM of the forearm and elbow was measured 
before and after the whole procedure. Function 
of the elbow was evaluated with Mayo Elbow 
Performance Score (MEPS) preoperatively and at 
the final follow-up.[10] Satisfaction comparison was 
measured using the Disabilities of Arm, Shoulder 
and Hand (DASH) score system preoperatively and 
at the final follow-up.[24]

Complications and management

Complications were recorded and treated, if 
observed. Local or venous antibiotics was applied, 
when track infection occurred. Acute nerve palsy and 
arterial crisis may be a consequence of too excessive 
elongation. In this case, the elongation should be 
stopped for at least two or three days and even the 
callus should be shortened 2 or 3 mm in size. Iliac 
crest autograft transplantation was the backup plan 
for delayed union and nonunion.

Statistical analysis

Statistical analysis was performed using the 
GraphPad Prism version 8.0 (GraphPad Software 
Inc., San Diego, CA, USA). Continuous variables were 
presented in mean ± standard deviation (SD), while 
categorical variables were presented in number and 
frequency. Paired two-group t-test was applied to 
compare ROM, RSA, MEPS, and DASH score before 
and after the treatment. The Mann-Whitney U-test 
was applied to evaluate the VAS before and after 
the treatment. A p value of <0.05 was considered 
statistically significant.

RESUlTS

Demographic data

The mean follow-up was 40.8±9.6 (range, 22 to 53) 
months. All patients were right hand-dominant 
and the mean TSI was 8.5±3.4 years on average. 
Six of them received additional radiocapitellar 
joint debridement at first surgery and eight of the 
pediatric patients received trans-callus Kirschner 
wire fixation. The mean UL, EFT, and BHI was 
24.1±5.0 mm, 23.47±2.26 d/cm and 9.00±5.12 d/cm, 
respectively (Table I).

Outcomes

Objective parameters were all significantly 
improved in the aspects of elbow extension, elbow 
flexion, forearm pronation, forearm supination, and 
RSA (21.4±4.5° preoperatively and 2.0±1.4° at the final 
follow-up, t=18.20, p<0.05) (Table II).

The level of pain due to the chronic injury was 
eliminated as mean VAS was significantly lower 
at the final follow-up compared to preoperative 
scoring (2.8±2.0 preoperatively and 0.5±0.9 at the final 
follow-up, t=4.86, p<0.05). The function of the elbow 
and upper limb was restored, which was indicated 
by improved MEPS (73.2±12.5 preoperatively and 
96.6±6.4 at the final follow-up, t=7.70, p<0.05) and 
DASH (28.3±6.0 preoperatively and 4.1±2.0 at the final 
follow-up, t=19.35, p<0.05) (Table II).

EFI=
EFT

UL

EFT+CT

UL
(d/cm) (d/cm)BHI=
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No major complications, such as re-dislocation, 
necrosis and nonunion, or minor complications, such 
as track infection were observed.

Typical cases
A 14-year-old male suffered from Bado type III 

chronic Monteggia fracture with a TSI of over eight 
years. His right forearm was in poor appearance with 
an abnormal carrying angle and bony prominence 
(dislocated radial head). Though the motion of his 
right elbow was slightly limited, the radial head 
remained obviously anterior dislocated, as RSA was 
23° on the lateral view of the radiography. Ipsilateral 
elbow flexion and extension, and forearm pronation 
and supination were 120°, -4°, 73° and 77°, respectively 
(Figure 2a-f).

The patient received only close-wedge osteotomy 
and lengthening of the right ulna at first step of 
operation with three proximal half pins and two 
distal half pins monorail external fixator. The external 
fixator was installed according to our method 
mentioned above. Elbow ROM was carefully checked 
intraoperatively in case of the interference of the 
external fixator. After a latency of 7 days, the distal 
ulna was gradually lengthened at a speed of 0.75 mm 
per day for 28 days, and the radiocapitellar joint 
was eventually reduced (Figure 2g, h). After another 
15-day latency, LCP was inserted via two minimal 
posterior forearm approach and the monorail external 
fixator was removed (Figure 2i, j). The LCP was 
removed 10 months after insertion, and the callus had 
already reached full consolidation (Figure 2k, l).

The patient acclimatized himself to the external 
fixator shortly after the first surgery. At the time of 
his final visit (at 36 months), the elbow flexion and 
extension, and forearm pronation and supination of 
the injured arm were 140°, 4°, 82° and 80°, respectively. 
Stability of the elbow was reconstructed as well as the 
ROM of elbow and forearm. Cosmetic problems were 
solved, and the patient with his parents was satisfied 
(Figure 2m-p).

DISCUSSION

We introduced a novel technique in which acute 
angulation of the ulna was performed after osteotomy 
and the reduction of the radiocapitellar joint was 
achieved through gradual lengthening. We also 
provided a feasible site for osteotomy according to 
the position of radial tubercle and a viable angulating 
angle according to the angle between the radius and 
a hypothesized Storen’s line. All patients eventually 
achieved satisfying outcomes and the function of 
injured elbow as well as upper limb was perfectly 
restored.

TA
b

l
E

 I
I

O
ut

co
m

es

P
ar

am
et

er
E

E
 (

°)
E

F
 (

°)
F

P
 (

°)
F

S
 (

°)
R

S
A

 (
°)

V
A

S
 (

po
in

ts
)

M
E

P
S

 (
po

in
ts

)
D

A
S

H
 (

po
in

ts
)

P
re

op
er

at
iv

e
-1

.8
±

2.
7

11
9.

1±
7.

9
58

.2
±1

3.
0

58
.0

±1
9.

7
21

.4
±4

.5
2.

8±
2.

0
73

.2
±1

2.
5

28
.3

±6
.0

La
st

 fo
llo

w
-u

p
2.

6±
1.

1
13

8.
9±

7.
4

74
.5

±6
.0

75
.1

±6
.2

2.
0±

1.
4

0.
5±

0.
9

96
.6

±6
.4

4.
1±

2.
0

t v
al

ue
6.

88
25

.8
6

6.
93

5.
28

18
.2

0
4.

86
7.

70
19

.3
5

P
 v

al
ue

<0
.0

5
<0

.0
5

<0
.0

5
<0

.0
5

<0
.0

5
<0

.0
5

<0
.0

5
<0

.0
5

E
E

: 
E

lb
ow

 e
xt

en
si

on
; 

E
F:

 E
lb

ow
 f

le
xi

on
; 

F
P

: 
F

or
ea

rm
 p

ro
na

tio
n;

 F
S

: 
F

or
ea

rm
 s

up
in

at
io

n;
 R

S
A

: 
T

he
 a

ng
le

 b
et

w
ee

n 
th

e 
a

xi
s 

of
 p

ro
xi

m
al

 r
ad

iu
s 

pr
eo

pe
ra

tiv
el

y 
an

d 
S

to
re

n’
s 

lin
e;

 V
A

S
: 

V
is

ua
l A

na
lo

g 
S

ca
le

; 
M

E
P

S
: 

M
ay

o 
E

lb
ow

 P
er

fo
rm

an
ce

 S
co

re
; D

A
S

H
: D

is
ab

ili
ty

 o
f a

rm
-s

ho
ul

de
r-

ha
nd

 s
co

re
.



Jt Dis Relat Surg290

The missed Monteggia fracture or the chronic 
Monteggia fracture still remains a challenge for 
orthopedists to deal with, not only because of the 
proximal migration of the radius and the dysplastic 
changes of the radial head and capitellum, but 
also due to the difficulties in remodeling the ulna 
for the reduction of the dislocated radiocapitellar 
joint, as evidenced by numerous reconstruction 

procedures.[1,2,6,25] These procedures included close 
or open reduction of the radial head, immediate or 
gradual lengthening of the ulna, artificial angulation 
of the ulna and annular ligament reconstruction 
(ALR).

The Bell-Tawse technique, consisting of osteotomy 
and immediate correction of the ulna with internal 
fixation, open reduction of the radial head and ALR 

(a)

(e)

(i)

(m)

(b)

(f)

(j)

(n)

(c)

(g)

(k)

(o)

(d)

(h)

(l)

(p)

FIGURE 2. Appearance and radiography of the typical case of chronic Monteggia fracture. (a-d) 
Preoperative function and appearance of the injured elbow and forearm. (e, f) Preoperative 
radiography of the elbow. The radial head was dislocated and proximally migrated. (g, h) The 
ulna was osteotomized and the radiocapitellar joint was eventually reduced. (i, j) The monorail 
external fixator was replaced by LCP. (k, l) The LCP was removed 10 months after insertion, 
and the callus was reached successful consolidation. (m-p) Function and appearance of the 
injured elbow and forearm 36 months after first surgery.
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with triceps tendon, is one of the proven procedure 
for one-stage reconstruction of chronic Monteggia 
fracture.[10] The most difficult step of this technique 
is to stably insert the LCP, once the immediate 
elongation and angulation of the ulna promises 
simultaneous reduction of the radiocapitellar joint. To 
avoid mistake fixation and subluxation during these 
procedures, immediate angulating and distraction 
of the ulna after osteotomy for radial head reduction 
with hinged Ilizarov mini-fixator was advocated by 
Take et al.,[20] and Wang et al.[12] and Dukan et al.[15] 
introduced novel techniques using monorail external 
fixator for accurate correction of the osteotomized 
ulna and stable insertion of the LCP intraoperatively. 
Although the Bell-Tawse technique and its modified 
versions could guarantee satisfactory reduction 
intraoperatively and most patients received satisfying 
outcomes, severe complications, including nerve 
palsy, delayed union or nonunion, re-dislocation of 
the radial head and narrowing and, even necrosis 
of the radial neck after ALR.[6,7,12-14] On the other 
hand, safe and effective correction of the deformities 
could be achieved through gradual lengthening and 
angulation of the ulna using external fixation.

Ulnar osteotomy with angulation and gradual 
distraction using external fixator in treating chronic 
Monteggia fracture is less invasive without extensive 
exposure of the proximal ulna.[20,21] Gradual distraction 
can overcome tissue contracture and lower the 
incidence of nerve palsy and nonunion.[14] Although 
gradual elongation and angulation technique have 
promised outcomes in treating radial head dislocation 
caused by ulnar deformities, only few surgeons have 
advocated the use of gradual lengthening method in 
treating chronic Monteggia fracture.[16-18,26] Exner[18] 
was the first to apply Ilizarov method with simple 
osteotomy, and second-stage callotasis angulation 
and close reduction of the radial head in a 12-year-
old patient with a TSI of over five years. Successful 
reduction was achieved and normal elbow and 
forearm function was regained in that case without 
any major complications. Bor et al.,[16] then, modified 
this technique with hinged elongation, ensuring that 
ulna was angulated during lengthening and the 
radial head was gradually reduced during elongation, 
and treated four chronic Monteggia fracture 
patients, resulting in significantly improved ROM 
of the elbow and forearm. Li et al.[19] performed 
Z-shaped osteotomy, overlapped the two ends as 
bayonet-like fracture instead of angulating the ulna 
for further reduction of the radial head, and added 
second-stage ALR, if the radial head could not be 
reduced once the ulna was elongated to adequate 

length. Although a significant improvement was also 
seen in aspects of postoperative ROM and MEPS, this 
technique, in our opinion, is rather difficult since 
intraoperative Z-shape osteotomy requires higher 
plastic surgery expertise and may not follow the route 
calculated preoperatively. Besides, the reduction of 
the radiocapitellar joint seems too expectant, as open 
reduction and ALR was unavoidable in some cases. 
In our study, we applied close-wedge or V-shaped 
osteotomy by considering that (i) the angle could be 
easily calculated according to the axis of proximal 
radius and Storen’s line and (ii) maximized contact 
area of the two bone ends would present lower rate of 
delayed union and nonunion.[27] However, angulation 
of the ulna prior to elongation in this technique has a 
strict and clear contraindication that the track of the 
radius cannot be blocked by the humerus at any time 
during angulation and elongation. Once the blockage 
is confirmed by preoperative three-dimensional CT 
deduction, alternative methods should be concerned, 
including hinged Ilizarov ring fixators.[16,26]

The optimal osteotomy site should be carefully 
concerned to provide solid fixation of the proximal 
ulna and to avoid delayed union and nonunion. 
Yet, few studies have concluded where exactly 
the osteotomy should be performed. Di Gennaro 
et al.[9] reported that osteotomy at proximal one-
third presented lower rate of bone nonunion. Some 
researchers believed that center of rotation angulation 
(CORA) might be a better site for osteotomy, while 
others recommended meta-to-diaphyseal area.[28-30] 
Recent studies have shown that the involvement 
of proximal radioulnar joint (PRUJ) should not be 
ignored in chronic Monteggia fracture, as it can be 
an important factor for prognosis.[3,8] In this study, we 
chose a plane where would be a possible proximal 
border of a radial notch, as we considered that the 
interaction between the radial tubercle and the callus 
during postoperative physical rehabilitation would 
bring out a notch-like callus for PRUJ reconstruction. 
The re-established stability of PRUJ may be a reason 
for which our patients received satisfied forearm 
rotation without re-dislocation of the radial head.

Whether ALR should be performed is still 
controversial in the literature. Those who aimed at 
facilitating the radial head advocated performing the 
reconstruction  in patients with a TSI less than two 
months.[9,10,12,31] The repair of the remnant of annular 
ligament or autograft transplantation, including 
triceps tendon, palmaris longus and forearm fascia, 
was performed in these studies, and complication rate 
of lost ROM of forearm, narrowing of the radial neck 
and its necrosis is eliminating in recent years.[19,32-36] 
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Other researchers, applying either immediate or 
gradual correction of the deformities, did not chose 
ALR to lower the incidence of open reconstruction-
related complications.[16,19,37] In the current study, we 
only performed joint debridement in patients with 
severely limited preoperative ROM of forearm to 
deliberate forearm pronation and supination, as the 
remnant of annular ligament was difficult to recognize 
after years of TSI and might even go atrophy. The 
stability of the reduced radiocapitellar joint could be 
restored by fibrous scar tissue proliferation during 
latency time, as well as the reestablished PRUJ.

We also performed plate fixation before removing 
the monorail fixator. Healing of the osteotomized 
ulna usually takes six to eight weeks, which is 
similar to the time of postoperative latency and 
elongation time in this study. Replacing the external 
fixator with LCP would let the skin heal in advance 
and local cleaning could be performed earlier. 
Besides, most of our patients were young people 
who required to use keyboards and writing with 
the injured hand. Early removing of the external 
fixator would bring about early adjustment to their 
daily work. The replacement of internal fixation 
might also enhance the adolescents’ self-confidence 
since the “weird” apparatus disappeared. Whether 
this plating after lengthening technique ensures 
better outcomes than using just external fixation 
for lengthening and consolidation needs further 
investigation.

Nonetheless, this study has certain limitations. 
First, the sample size of this retrospective study 
was rather small and most of the patients were with 
Bado type I chronic Monteggia fracture, making the 
efficacy of this technique less persuasive for type II 
and type III cases. Second, we did not include Bado 
type IV chronic Monteggia fractures, as managing 
concomitant radius fractures could be sophisticated 
and even need radial head arthroplasty. How to 
treat this type of chronic Monteggia fracture with 
the method of close-wedge osteotomy and gradual 
lengthening needs further investigation. Besides, 
all patients were treated a few years after the 
injury and ALR were not performed in any of 
the patients due to the dense adhesion of the 
remnant. Finally, DASH scoring system was the 
only utilized parameter for subjective satisfaction 
of the outcomes, which may have led to certain bias 
in pediatric patients.

In conclusion, close-wedge osteotomy and 
gradual lengthening with monorail external fixator 
in the treatment of chronic Monteggia fracture 
showed great efficacy and all patients received 

satisfactory outcomes in this study. We also 
provided a specified osteotomy site aiming at PRUJ 
reconstruction. Further long-term studies are still 
needed to testify the efficacy and complications of 
this method.
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