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Ab s t r Ac t
Aim: In the past decade, internal limb lengthening nails have gained popularity. In this study, we aim to systematically review the literature on 
humerus limb lengthening with a motorized intramedullary nail (MIN). We intend to assess the outcome and complications of this technique.
Materials and methods: A systematic review was performed in the following databases: PubMed, Embase, Web of Science, and the Journal 
of Limb Lengthening and Reconstruction. The inclusion criteria included limb lengthening of the humerus using an intramedullary nail, clinical 
studies, all levels of evidence, and no restriction to the date of publication.
Results: Our search yielded 239 journal articles. A total of nine articles remained relevant based on the inclusion and exclusion criteria. The 
total number of patients was 20, with 22 segments lengthened. The mean age of the patients was 20.8-year-old [standard deviation (SD), 12.0; 
range, 13–51]. The mean gained length was 5.7 cm (SD, 0.9; range, 5–7.5) with a mean distraction protocol of 0.82 mm/day (SD, 0.2; range, 0.6–1). 
The average duration of lengthening was 71.6 days (SD, 12.8; range, 50–93), and the mean duration of consolidation was 192.3 days (SD, 40.5; 
range, 120–228). Reported complications included a range of motion (ROM) limitation, hardware failure, and hypertrophic bone regeneration.
Conclusion: Humeral lengthening with an MIN provides favourable outcomes with low complication rates. Future high-level studies should 
focus on comparing long-term outcomes of humeral lengthening utilising internal and external fixation techniques.
Clinical significance: Humeral lengthening using MIN can be used safely. Each surgical approach and type of nail have different risks and 
benefits. These should be carefully discussed when planning the surgery.
Keywords: Clinical outcomes, Humerus, Limb lengthening, Motorized intramedullary nail, Systematic review.
Strategies in Trauma and Limb Reconstruction (2022): 10.5005/jp-journals-10080-1568

In t r o d u c t I o n
Humeral length discrepancy has an important impact on a 
functional and aesthetic point of view. Patients may suffer from 
impaired activities of daily living, difficulty performing in sports 
or decreased self-image.1 It results from congenital or acquired 
lesions such as multiple exostosis, osteomyelitis, trauma, unicameral 
bone cysts or premature growth disturbance.2–4 A common reason 
for lengthening in unilateral cases is shortening above 5 cm and 
angulation above 20°.5

Discrepancies in humeral length were originally treated with the 
Ilizarov circular frames, monolateral fixators and hexapod circular 
frames.6–9 However, external devices have been limited by their 
complications including soft tissue tethering, pin site infections, 
neurovascular entrapment and joint contracture.1,5,8,10–12 In the 
past decade, lengthening with an MIN has gained popularity.13–15 
It was initially introduced for femoral and tibial lengthening given 
their bigger medullary canal, and later adapted for the humerus.

Two MINs that are commonly used are the PRECICE nail 
(Nuvasive, CA, USA)16 and the FITBONE nail (WITTENSTEIN Intens 
GmbH, Igersheim, Germany).17 The PRECICE nail mechanism is based 
on an electromagnetic field. After the surgery, the patients are given 
an external remote control that is used to rotate the magnet inside 
the intramedullary nail. These magnets rotate the gears, which 
turns a drive screw that then extend the telescopic nail. Regarding 
the FITBONE mechanism, it requires the placement of a motor 
antenna in the subcutaneous tissue. A device is used to transmit, by 
induction, electric current to the antenna that then go through the 
wire to reach the motor that rotate the spindle and elongates the 
nail. It was hypothesised that, compared to external fixator, there 

would be less pin site infections, lesser soft-tissue damage and pain, 
better joint movement, and more patient comfort with the MIN.16–21

In this study, we aim to systematically review the literature 
on humeral lengthening with an MIN. We intend to assess the 
outcomes and complications of this technique. We hypothesise 
that overall outcomes are favourable with regard to amount of 
length gained, and the rate of substantial complications is low.

MAt e r I A l s A n d Me t h o d s

Search Strategy
A systematic review was performed according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
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guidelines.22 The search was performed in the following databases: 
PubMed, Embase (via Ovid), Web of Science (via Ovid) and in the 
Journal of Limb Lengthening and Reconstruction. All databases were 
searched from their start to 14 June 2022. The following keywords 
were used in the search strategy: Humerus and lengthening and 
intramedullary. Synonyms of these terms were also used but not 
listed here. Each reference section was hand screened in order to 
identify additional studies. Endnote X9 (Clarivate, Camelot UK Bidco 
Limited) was used to remove the duplicates and tract any removal 
or addition of study.

Inclusion and Exclusion Criteria
The following inclusion criteria were used in our systematic review: 
Limb lengthening of the humerus using an MIN, clinical studies, all 
level of evidence and no restriction to date of publication.

Studies were excluded if they met any of the following criteria: 
Non-English articles, lengthening of the lower limbs and articles 
published in abstract form only. In addition, articles about limb 
lengthening that did not differentiate patients with humerus 
lengthening from the other limbs were excluded. This was because 
extraction of data specific to the humerus was not possible, and 
multiple attempts were made to contact the authors of these 
articles to get specific results of those patients, but the response 
and collaboration was extremely poor.

Data Collection/Extraction
Two authors (JPL and NA) screened the titles and abstracts of the 
included articles independently. When any discrepancy between 
reviewers arose, it was resolved by discussion between them and 
if necessary, with other members of the research team (Y.M and 
A.A). Two authors (JPL and NA) then independently retrieved 
data from the included studies in Microsoft Excel 2013 [Microsoft, 

Redmond, Washington, United States of America (USA)]. The 
information was categorised into basic article information (e.g. 
title, authors, year of publication, journal, and country), patient 
background information and methodology details (e.g. sample 
size, sex, age, preoperative assessment, inclusion/exclusion criteria 
and indication for surgery), surgical technique (e.g. segment 
lengthened and type of intramedullary nail) and post-operative 
outcomes and complications (e.g. duration of follow-up, end 
lengthening achieved, lengthening period, consolidation index, 
rate of distraction and post-operative ROM).

Statistical Analysis
The International Business Machines (IBM) Statistical Package for 
the Social Sciences (SPSS) Statistics, version 23.0, software (IBM, 
Armonk, New York, USA) was used to analyse the data. This included 
a descriptive analysis of all variables, including frequencies, 
percentages, means, SDs, and other basic statistics.

re s u lts
Our search yielded 239 titles (Flowchart 1). After removing dupli-
cates, 190 articles were screened based on titles and abstracts. 
No new articles were found after reviewing the bibliography of 
each paper. A total of nine articles remained relevant based on 
the inclusion and exclusion criteria. Every paper was published 
between 2016 and 2021.

The total number of patients was 20, with 22 segments 
lengthened (Table 1). 45% of segments involved the left humerus 
and 55% the right. The male to female ratio was 1.2:1, and the 
mean age of the patients was 20.8 years (SD, 12.0; range, 13–51). 
The mean preoperative shortening of the humerus was 6.0 cm (SD, 
1.6; range, 4–9). More than six specific etiologies for the shortening 

Flowchart 1: PRISMA diagram of the included studies. Flowchart illustrating the inclusion of the studies with the steps involved in the screening 
process. The separation highlighted in blue on the left shows the different sections of the process.



Humeral Lengthening with a Motorized Intramedullary Nail: A Review

Strategies in Trauma and Limb Reconstruction, Volume 17 Issue 3 (September–December 2022) 167

Ta
bl

e 
1:

 P
re

op
er

at
iv

e 
in

fo
rm

at
io

n 
of

 th
e 

in
cl

ud
ed

 s
tu

di
es

St
ud

y
Pa

tie
nt

s 
(n

)
Se

gm
en

ts
 

(n
)

In
di

ca
tio

n 
fo

r l
en

gt
he

ni
ng

(n
 in

di
ca

tio
n)

Pr
op

or
tio

n 
(m

al
e:

fe
m

al
e)

Pr
op

or
tio

n 
(le

ft
:ri

gh
t)

M
ea

n 
ag

e 
(y

ea
r)

As
so

ci
at

ed
 d

ef
or

m
iti

es
(n

 d
ef

or
m

ity
)

H
um

er
us

 le
ng

th
 

di
sc

re
pa

nc
y 

 
(c

m
 sh

or
te

r)
Ty

pe
 o

f n
ai

l 
us

ed

Ac
an

 e
t a

l.34
1

1
Re

cu
rr

en
t a

gg
re

ss
iv

e 
an

eu
ry

sm
al

 
bo

ne
 c

ys
ts

1:
0

1:
0

13
D

ef
or

m
ity

 n
ot

ed
 b

ut
 n

ot
  

de
sc

rib
ed

5
PR

EC
IC

E

Fü
rm

et
z 

et
 a

l.23
4

4
2 

Er
b–

D
uc

he
nn

e-
ty

pe
 o

bs
te

tr
ic

 
pa

ls
y 

1 
tr

au
m

at
ic

 g
ro

w
th

 a
rr

es
t i

n 
ch

ild
ho

od
1 

po
st

-t
ra

um
at

ic
 s

ho
rt

en
in

g 
af

te
r 

co
m

pl
ex

 fr
ac

tu
re

 a
nd

 n
on

-u
ni

on

3:
1

3:
1

29
N

il 
de

sc
rib

ed
5.

5
3 

FI
TB

O
N

E
2 

PR
EC

IC
E

G
ha

fo
or

 
et

 a
l.35

1
1

Tr
au

m
at

ic
 u

pp
er

 p
le

xu
s 

pa
ls

y
0:

1
0:

1
13

N
il 

de
sc

rib
ed

5
PR

EC
IC

E

H
am

m
ou

da
 

et
 a

l.10
5

6
1 

m
ul

tip
le

 h
er

ed
ita

ry
 e

xo
st

os
is

 
2 

bo
ne

 c
ys

t/
gr

ow
th

 a
rr

es
t 

1 
gr

ow
th

 a
rr

es
t 

1 
se

pt
ic

 s
ho

ul
de

r g
ro

w
th

 a
rr

es
t

2:
3

3:
3

20
1 

45
°-

ex
te

rn
al

 to
rs

io
n 

1 
15

° v
ar

us
, 1

3°
-a

pe
x 

an
te

rio
r 

1 
10

° v
ar

us
, 1

2°
-a

pe
x 

an
te

rio
r

5.
1

PR
EC

IC
E

H
oe

l e
t a

l.36
1

1
Tr

au
m

at
ic

 fr
ac

tu
re

 a
t a

ge
 8

 
th

ro
ug

h 
a 

pr
ev

io
us

ly
  

as
ym

pt
om

at
ic

 p
ro

xi
m

al
 ri

gh
t 

hu
m

er
al

 c
ys

t

0:
1

0:
1

14
N

il 
de

sc
rib

ed
8.

1
PR

EC
IC

E

Ku
rt

z 
et

 a
l.11

1
1

Bo
ne

 c
ys

t
0:

1
0:

1
15

M
id

sh
af

t, 
ob

liq
ue

 p
la

ne
  

de
fo

rm
ity

 c
om

po
se

d 
of

 1
5°

 
va

ru
s 

an
d 

13
°-

ap
ex

 a
nt

er
io

r

7.
5

PR
EC

IC
E

M
or

ris
on

 
et

 a
l.12

5
6

1 
se

pt
ic

 p
hy

se
al

 a
rr

es
t 

2 
tr

au
m

at
ic

 p
hy

se
al

 a
rr

es
t 

1 
br

ac
hi

al
 p

le
xu

s 
pa

ls
y 

1 
un

ic
am

er
al

 b
on

e 
cy

st

4:
1

2:
4

15
2 

w
ith

 a
ng

ul
ar

 d
ef

or
m

iti
es

,  
co

rr
ec

te
d 

at
 th

e 
co

rt
ic

ot
om

y 
si

te
7

PR
EC

IC
E

Ti
ef

en
bo

ec
k 

et
 a

l.37
1

1
Co

ng
en

ita
l s

ho
rt

en
in

g 
of

 th
e 

le
ft

 h
um

er
us

0:
1

1:
0

32
N

il 
de

sc
rib

ed
5

PR
EC

IC
E

Za
k 

et
 a

l.32
1

1
H

um
er

al
 e

pi
ph

ys
ea

l f
ra

ct
ur

e 
 

in
 th

e 
ch

ild
ho

od
1:

0
0:

1
38

N
il 

de
sc

rib
ed

6.
5

PR
EC

IC
E



Humeral Lengthening with a Motorized Intramedullary Nail: A Review

Strategies in Trauma and Limb Reconstruction, Volume 17 Issue 3 (September–December 2022)168

were described. Among them, the most frequent were bone cyst 
(four), complex fractures (six), brachial plexus palsy (four) and septic 
growth arrest (two). Seven patients had associated deformities on 
exam and/or imaging. The intramedullary nail used in the majority 
of patients was PRECICE (20/22 lengthening).

Table 2 demonstrates the intra- and post-operative data 
obtained from the study. Most studies used an antegrade approach 
for nail insertion. The mean gained length was 5.7 cm (SD, 0.9; range 
5–7.5) with a mean distraction protocol of 0.82 cm/day (SD, 0.2; 
range, 0.6–1). The average duration of lengthening was 71.6 days 
(SD, 12.8; range, 50–93). Mean duration of consolidation was 192.3 
days (SD, 40.5; range, 120–228) with a respective consolidation index 
of 34.0 days/cm (SD, 7.1; range, 25–45).

As represented in Table 2, ROM limitations were variable 
across studies. Five studies had similar preoperative ROM and 
post-operative ROM. Fürmetz et al.23 recorded a loss of ROM in 
every patient. One patient with the FITBONE nail had reduction 
of shoulder abduction by 20° and another had a reduction 
in shoulder abduction by 20° in addition to a reduction of 
shoulder flexion by 10°. One patient with the PRECICE nail had 
a 5° decreased in elbow extension with a shoulder abduction 
and flexion increased by 10°. The other studies did not quantify 
the loss in ROM. Among them, described changes included a 
minimal loss of shoulder hyperabduction and a temporary flexion 
contracture of elbow. Hammouda et al.10 described the case of 
a patient with complex regional pain syndrome that sustained 
a significant reduction in shoulder flexion/extension post-
operatively, without quantification of the limitation. No functional 
limitations were reported. Nevertheless, certain complications 
required modifications to the treatment protocol. One patient in 
the FITBONE group experienced pain and irritation caused by the 
cord penetrating the rotator cuff. The MIN receiver and cord were 
removed at the end of the lengthening and the pain was cleared. 
In addition, a different patient in the FITBONE group suffered 
from flexion contractures of the elbow after the lengthening. 
He required Botulinum toxin injection and a Z-plasty of the 
bicep tendon to resolve this complication. Premature arrest of a 
FITBONE lengthening was required in one patient due to proximal 
migration of the humeral head. An obstacle noticed in the PRECICE 
group was limitation to ROM of the shoulder, which was resolved 
with physiotherapy and by decreasing the lengthening rate. 
Two patients from the PRECICE group suffered from a hardware 
breakage and had to be revised. One of them was due to a loss 
of fixation of the MIN and the other was caused by a PRECICE P2 
crown failure. Finally, hypertrophic bone regenerate was seen in 
one patient in the PRECICE group. This complication was resolved 
by temporarily increasing the lengthening rate to 1.5 mm/day.

co n c lu s I o n
Humeral lengthening using MIN provides favourable outcomes 
with low complication rates. The future high-level studies should 
focus on comparing long-term outcomes of humeral lengthening 
utilising internal and external fixation methods.

Clinical Significance
This systematic review of 22 segments reveals that MIN humeral 
lengthening techniques can result in substantial length gain with 
high rate of success. Overall, the rate of complications was low for 
humerus limb lengthening; however, the treating surgeon should 

be experienced in managing minor problems and obstacles to avoid 
increasing the rate of serious complications and their consequences.

In this review, the PRECICE intramedullary nail was significantly 
more used than the FITBONE. No study reported on the reasoning 
behind the choice of MIN. A major advantage is the size of the nails, 
where the PRECICE MIN has a diameter of 8.5–12.5 mm and FITBONE 
MIN has a diameter of 11–13 mm.

During the lengthening, multiple studies reported a temporary 
loss of shoulder ROM which did not require any intervention. While 
no ROM data were available for these studies, most of them were 
due to contractures of the surrounding muscles. However, most 
studies used a proximal/antegrade approach for nail insertion. It 
is described in the literature that an antegrade approach for MIN 
insertion in patients with humeral fracture can lead to a disruption 
of the rotator cuff and subsequent limitations in ROM.24,25 On the 
other hand, it was also reported that retrograde approach could 
lead to elbow stiffness in fracture treatment.26 We found only one 
case of chronic elbow stiffness, which was treated using a retrograde 
approach.23 Early physiotherapy during lengthening was suggested 
to prevent long-term limitation of the upper extremities.23

The Ilizarov method and the monolateral fixators were shown 
to have a mean consolidation index of 27–32 days/cm27,28 and 24–32 
days/cm, respectively.10 In this systematic review, we demonstrated 
that the mean consolidation index for intramedullary devices is 34 
days/cm. This is coherent with a comparison that showed a similar 
consolidation index between magnetic internal fixation nails and 
external fixators.29 Moreover, the results of this systematic review 
show a similar mean distraction protocol for MIN lengthening and 
external fixators. Both were shown to be effective with a distraction 
of 1mm/day, divided by 0.25 mm 4 times per day.29–31

One of the main limitations of the MIN is its maximum length. 
Ring external fixators were shown to have a mean increase in 
humeral length of range 5–11.1 cm.1,5,9 Regarding the MIN, a mean 
humeral lengthening of 5.7 cm (5.0–7.5 cm) was obtained. In our 
systematic review, only 54% (10/22) of segments reached the 
targeted length gain. Among them, only two had a preoperative 
shortening of 50 mm, and the rest had more than 65 mm of 
shortening. The PRECICE nail lengthening capacity (i.e. stroke 
distance) is 50 mm for nails measuring less than 245 mm in length, 
and 80 mm for nails measuring more than 245 mm in length. On the 
other hand, the FITBONE nail has a maximum lengthening of 80 mm. 
To remediate this issue, most studies adjusted the acute distraction 
during the initial osteotomy to comply with the specifications of 
the MIN. Only one study reported a novel approach consisting of 
unlocking, backwinding and interlocking the telescopic nail to 
achieve a total gained length of 6.5 cm.32

In a recent systematic review of motorized lengthening nails 
used for upper and lower extremities, MIN was found to have a 34% 
rate of complication when combining all severity scales.13 This is 
similar to our study which demonstrated a complication rate of 27% 
(6 over 22 segments). However, this is less in patients treated with 
external fixators. Comparison studies showed an MIN to external 
fixator complication ratio of 0.5–0.8:1.12,29

As hypothesised, the risk of infection with intramedullary nails is 
significantly less than with external devices. In the latter, superficial 
infection was reported in up to 100% of cases, but the incidence 
of deep infection was much lower.33 Among the included studies 
in this systematic review, infection was not seen in any patient. 
Other systematic reviews reported an infection rate of 0.8% with 
MIN lengthening in general (not specific to the humerus).13 This low 
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rate of infection is due to the lack of communication between the 
lengthening device and the exterior environment.

Several limitations exist in the current study. The main limitation 
is the low number of studies and segments. Despite our rigorous 
systematic review, only 22 segments were eligible for the analysis. 
Moreover, the studies have a low level of evidence (case reports or 
case series only). This is explained by the novelty of this technology, 
where all the included studies were published between 2016 
and 2021. Studies with a larger number of patients are needed to 
improve the evidence on this topic. In addition, reported outcomes 
varied between the included studies, with some studies missing 
important outcomes such as maturation/consolidation index, 
functional scores or ROM. This makes outcome comparison difficult 
to interpret.
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