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Abstract Background: Different types of external fixators
have been used for humeral lengthening with successful outcomes reported in literature. Motorized intramedullary (IM)
lengthening nails have been developed as an alternative to
external fixators for long bone lengthening in the lower extremity. Questions/Purposes: This case series reports on using the
new technology of IM lengthening nails for humeral lengthening. We assessed the radiological healing and functional outcomes after using the PRECICE IM nail for humeral
lengthening. Methods: This multicenter retrospective study
included a total of six humeri in five patients (mean age was
20 years) that underwent lengthening with the magnetic IM
PRECICE nail in two centers in the USA. The etiology was
humeral growth arrest post-bone cyst (two segments), postseptic growth arrest (two segments), and multiple hereditary
exostosis (bilateral segments in one patient). The outcomes
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measured were the length achieved, distraction index (DI; the
length achieved in mm divided by the duration of lengthening
in days), consolidation index (CI; number of days from surgery
until consolidation divided by the length of the regenerate in
cm), complications encountered, and functional outcomes
(shoulder and elbow range of motion, the upper extremity
functional index (UEFI), and QuickDASH functional scores).
Results: The mean follow-up period was 1.8 years (0.9 to
2.4 years). All segments achieved the goal of lengthening; the
mean was 5.1 cm (4.5 to 5.8 cm). Mean DI was 0.7 mm/day
(0.5 to 0.8). Mean CI was 36 days/cm (25 to 45 days/cm). No
complications were observed. At the last follow-up, all patients
maintained their preoperative range of motion (ROM) except
one patient had reduced shoulder ROM. QuickDASH score
and upper extremity functional index showed postoperative
improvement compared to the preoperative scores. Conclusion:
IM lengthening nails can provide successful and safe humeral
lengthening. Specifically, the PRECICE nail has accurate control over the lengthening process.
Keywords humerus . intramedullary . lengthening .
PRECICE nail
Introduction
Humeral deformity and shortening have both functional and
esthetic implications leading to surgical intervention [22].
Different types of external fixators have been used for humeral lengthening and deformity correction and reported in
the literature [6, 14, 30]. Successful outcomes after humeral
lengthening have been reported using Ilizarov circular
frames, monolateral fixators, and the hexapod Taylor Spatial
Frame (TSF) [2, 23, 29, 37]. Circular external fixators combined with intramedullary elastic nails have been used for
humeral lengthening to decrease the risk of fracture after
fixator removal [30, 32]. Intramedullary (IM) lengthening
devices have been developed to eliminate the need for
external fixators [1, 7, 27, 31, 33]. To our knowledge, there
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Table 1 Patient demographics
Patient
1
2
3
4
5

Side

Age

Etiology

Rod diameter

Deformity

Length goal

LLRS AIM Index

L
R
R
R
L
L

16

MHE

19
15
28
27

Bone cyst/growth arrest
Growth arrest
Bone cyst growth arrest
Septic shoulder growth arrest

8.5
8.5
8.5
8.5
8.5
8.5

–
–
45° ETT
15° varus, 13° apex anterior
10° varus, 12° apex anterior
–

4.5
4.5
5.8
5
5
5

2
2
3
7
7
4

MHE multiple hereditary exostosis, ETT external tibial torsion

have been only two isolated case reports that describe using
fully implantable IM lengthening nails as a method for
humeral lengthening [20, 36].
The aim of the current study is to evaluate the radiologic
and functional outcomes as assessed by joint range of motion and functional scores (upper extremity functional index
(UEFI) and QuickDASH scores), while utilizing the fully
implantable magnetic PRECICE IM lengthening system
(NuVasive, Irvine, USA) for IM humeral lengthening.

Patients and Methods
This current study includes patients from two specialized centers
for limb lengthening and deformity correction in the USA in the
period from March 2014 to August 2015. Institutional review
board (IRB) approval was obtained to review the entire cohort.
Retrospective chart and radiographic review were performed to
capture all patients who underwent humeral lengthening with the
magnetic PRECICE IM lengthening nail. There was no limitation
for the inclusion criteria. A total of five patients (two males and
three females) with six humeral segments were included in the
final study. One humerus (case #3) was reported in a separate case
report [20]. The average age was 20 years (range, 15 to 28 years).
The etiology was humeral growth arrest post-bone cyst (two
segments), post-septic growth arrest (two segments), and multiple

hereditary exostosis (bilateral segments in one patient) (Table 1).
All represented off-label uses of the device. Limb Lengthening
and Reconstruction Society (LLRS) AIM Index was used to
classify deformity severity in the current cohort [24].
The outcomes measured were the amount of lengthening
achieved, distraction index (DI; the length achieved in mm
divided by the duration of lengthening in days), consolidation index (CI; number of days from surgery until consolidation divided by the length of the regenerate in cm), and the
complications encountered. Consolidation was described as
radiographic healing (continuous and not interrupted callus
formation at the cortex) of three out of four cortices in both
anteroposterior (medial and lateral cortices) and lateral (anterior and posterior cortices) projections. Consolidation was
assessed by the senior authors. No intra- or interobserver
reliability tests were done. Physician-reported functional
outcome (dictated shoulder and elbow range of motion before and at last visit after lengthening) was included in the
study. Also, we included the patient-reported functional
outcomes before and after surgery: the UEFI [10] and
QuickDASH [13] functional scores. UEFI consists of items
scored on a 0 to 4 point scale where the minimum total score
is 0 and the maximum is 80 points (the lower the score, the
greater the disability). The QuickDASH is an alternative tool
that is simpler than the original DASH score; however, both
of them are valid, reliable, and responsive [5]. QuickDASH

Fig. 1. a–j Operative steps. a, b Entry point identification by 1.8-mm K-wire. c Predrilled osteotomy site vents the canal, followed by opening
the entry point using 8 mm rigid ACL reamer. d, e Reaming over a guide wire all through the IM canal. f, g Two Steinmann pins placed
proximally and distally to control the rotation (optional). h Cutting the bone before advancing the PRECICE nail. i, j Before and after nail testing
(used with permission from Sinai Hospital of Baltimore, Rubin Institute for Advanced Orthopedics).
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Fig. 2. a–c Intraoperative photos. a Entry point and while reaming the medulla. The 1-cm osteotomy wound is evident.. b Proximal and distal
pins to control the rotation. c Position while introducing the IM PRECICE nail (used with permission from Sinai Hospital of Baltimore, Rubin
Institute for Advanced Orthopedics).

has two modules: the disability/symptom section (5 subscales with 11 items, scored 0–100 points; the higher the
core, the greater the disability) and the optional high performance Sport/Art or Work section (each scored 0–20 points).
We did not include the optional modules as they were not
related to our study and were not consistent with our patients’ level of interest. The patients retrospectively answered the questions to report the functional status before
and after humeral lengthening.
Anteroposterior (AP) and lateral radiographs were obtained
for planning. Radiographic limb length and angle measurements
were analyzed using the hospital’s picture archiving and communication system (PACS, efilm, Merge Healthcare Incorporated, Chicago, IL). Since there was no specific PRECICE nail for
humerus lengthening at the time, off-label tibial or femoral nails
were utilized. Nails (8.5 mm width × different length) were used
for all segments. Identification of the osteotomy level was
planned carefully to correct any deformity and to ensure that
the regenerate would be within the wider and stronger female
part of the nail at the end of the lengthening phase and during the
consolidation phase. The bone was cut at or just below the
deltoid tuberosity to avoid traction of the deltoid muscle [21].
Radial nerve exploration and decompression were indicated only if acute rotational deformity was planned as part of the

surgery. Fixator-assisted nailing was utilized in segments that
underwent lengthening with acute deformity correction [28].
The patient was placed on the radiolucent operating table
in supine position with a bump under the ipsilateral scapula.
After the administration of regional anesthesia, the involved
upper extremity, to include the axilla and base of the neck,
was prepped and draped in a sterile fashion. The osteotomy
level was identified and marked on the skin. Multiple drill
holes were made to vent the IM canal at the osteotomy level
through a 1-cm anterolateral incision. Next, the proximal
humerus entry point was marked on the skin. A 1.8-mm wire
was then percutaneously inserted at the anterolateral border
of the acromion to approach the proximal humerus. Usually
the starting position was on the medial side of the greater
tuberosity to avoid injury to the rotator cuff insertion on the
greater tuberosity. This starting position was checked under
AP and lateral fluoroscopy. The wire was then driven into
the center portion of the proximal humerus, and once this
wire’s position was confirmed, a 3-cm incision was made
around the guide wire through the skin and subcutaneous
tissues. The deltoid muscle and the rotator cuff were carefully spread with a straight hemostat, an 8-mm ACL reamer
was placed over the guide wire, and a starting hole was
created in the humerus. The humerus was then reamed in a

Fig. 3. a–e Nineteen year–old male with humeral length discrepancy of 5.8 cm (right is shorter). a Preoperative radiograph with retained IM nail
to correct deformity secondary to a previous history of humeral bone cyst. b, c Anteroposterior and lateral views immediately post-removal of the
trauma nail and insertion of the IM PRECICE lengthener. c After 5.8 cm lengthening. d Complete healing 9 months after surgery (used with
permission from Sinai Hospital of Baltimore, Rubin Institute for Advanced Orthopedics).

190/120
190/140
170/170
230/220
200/220
120/120
–
120/120
120/140
120/125
130/130
120/125
130/130
–
L
R
2 R
3 R
4 L
5 L
Mean
values
(range)

DI distraction index, CI consolidation index, UEFI upper extremity function index

40
42
9
4
-3
16
18
(−3 to 42)
36.3
56.8
6.8
6.8
4.5
25
22.7
(4.5–56.8)
35.6
35.6
35.7
45.0
37.2
24.8
36
(24.8–45)
0.6
0.6
0.5
0.8
0.7
0.7
0.7
(0.5–0.8)
1

4.5
4.5
5.8
5.0
5.0
5.8
5.1
(4.5–5.8)

DI
(mm/day)

Five patients with six segments underwent humeral lengthening
with PRECICE femoral or tibial nails. The diameter of all nails
was 8.5 mm but different lengths were used for each patient. One
segment underwent acute rotational deformity correction (from
external to internal) with prophylactic radial nerve exploration
and decompression performed during the same surgery. Another
two segments underwent acute frontal plane deformity (varus;
average 12.5°) and sagittal plane deformity (apex anterior; average 12.5°). For these two segments, osteotomy was performed at
the apex level of the deformity. According to LLRS AIM Index,
four segments were of minimal complexity, while two segments
were moderately complex.

Table 2 Results

Results

No. Side Length achieved
(cm)

CI
(days/cm)

QuickDASH improvement
(points)

UEFI improvement
(points)

Elbow forward ROM
(pre/post)

Shoulder forward ROM
(pre/post)

sequential fashion from 6 to 10.5 mm over an IM guide
wire. The proximal 3 cm of the humerus was reamed to
12.5 cm as the proximal nail diameter is 10.7 mm. Once the
reaming was completed, the guide wire was removed and
the appropriate PRECICE nail was then obtained, inserted
into the starting hole, and passed to a point just proximal to
the previously drilled vent holes. The osteotomy was completed with an osteotome. The nail was advanced across the
osteotomy acutely correcting the angular deformity (if present). The overall position and rotational alignment of the
humerus were checked by inserting a Steinmann pin above
and below the osteotomy prior to cutting the bone, to act as
rotational registration markers. Proximal locking screws
were inserted using the proximal locking guide. The distal
locking screw insertion was performed with the perfect
circle technique. If needed, repair of rotator cuff was performed. Wounds were irrigated and closed in layers. To
assure proper nail function, intraoperative testing of all nails
was performed by doing 1-to-2-mm acute distraction. Finally, the wounds were all sterilely dressed and the patient was
placed into a shoulder arm immobilizer (Figs. 1 and 2).
Antibiotic prophylaxis was administered to all patients
in the form of intravenous cefazoline (1 h preoperative and
every 6 h for 24 h). In cases of sensitivity, we used intravenous clindamycin (1 h preoperative and every 8 h for 24 h).
All patients were instructed to take calcium (1200–1500 mg/
day) and vitamin D supplementation (1500–3000 IU/day)
starting from the second day post-surgery.
The patients were instructed to start distraction with the
external remote controller (ERC) on the seventh postoperative day at the rate of 0.25 mm three times/day. The rate was
adjusted according to the regenerate quality observed during
postoperative follow-up clinic visits every 2 weeks during
the lengthening phase and every month during the consolidation phase. Regenerate bone quality was assessed based
on qualitative evaluation of mineralization and the width of
the fibrous interzone [3]. The patients were prescribed physical therapy (three to five times per week) to facilitate
shoulder and elbow joint motion and to prevent joint contractures. Arm sling was allowed to be used as initially
needed for comfort only. Patients were not allowed to
weight bear on the arm until consolidation of three out of
four cortices was observed radiographically.

None
None
None
None
None
None
–
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The mean follow-up period for all segments was
1.8 years (range, 0.9 to 2.4 years). All segments
achieved the goal length, with a mean of 5.1 cm
(range, 4.5 to 5.8 cm). The maximum stroke length
allowed is 5 cm for all nails used. Two segments
needed 8-mm acute distraction of the osteotomy to fit
the nail; for these two, a longer latency period was
used and the length achieved was 5.8 cm (Fig. 3).
Regenerate distraction was completed in all segments
at a mean of 78 days (range, 63 to 113 days), with a
mean DI of 0.7 mm/day (range, 0.5 to 0.8 mm/day).
All segments achieved full consolidation in a mean of
180 days (range, 144 to 225 days), with a mean CI of
36 days/cm (range, 24.8 to 45 days/cm). Five segments
underwent elective nail removal after a mean period of
313 days (range, 273 to 368 days). No complications
were observed (Tables 1 and 2).
Preoperative mean arc of elbow motion was from
−2.5° (range, 0° to −10°) extension to 125° (range, 120°
to 130°) flexion. Mean shoulder abduction was 79° (range,
30° to 120°). Mean arc of shoulder motion was from 145°
(range, 90° to 170°) flexion to 38° (range, 30° to 60°)
extension. Mean arc of shoulder rotation was from 93°
(range, 45° to 120°) internal rotation to 89° (range, 70° to
135°) external rotation.
Postoperatively, mean arc of elbow motion was from −1°
(range, 0° to −5°) extension to 127° (range, 120° to 130°)
flexion. Mean shoulder abduction was 83° (range, 40° to
100°). Mean arc of shoulder motion was from 120° (range,
80° to 160°) flexion to 45° (range, 30° to 60°) extension.
Mean arc of shoulder rotation was from 100° (range, 90° to
120°) internal rotation to 82° (range, 70° to 90°) external
rotation. Essentially, all patients at the last follow-up visit
maintained their preoperative shoulder and elbow ROM.
Only one patient (with complex regional pain syndrome)
had significant reduction of postoperative shoulder flexion/
extension ROM, compared with the preoperative status.
The QuickDASH score showed significant clinical
improvement in patients’ function from a preoperative
mean of 35 points (range, 9 to 64 points) to a postoperative mean of 12 points (range, 2 to 27 points).
Although, the UEFI showed little improvement from a
preoperative mean of 53 points (range, 29 to 75 points)
to a postoperative mean of 71 points (range, 55 to 78
points).

Discussion
Upper limb lengthening surgery is much less commonly
reported compared to lower limb lengthening [4]. This is
partially due to the fact that upper limb discrepancies
are more functionally tolerated [23, 26]. Humeral lengthening is recommended for patients with significant
shortening affecting personal hygiene, daily life activity,
or for cosmetic and psychological reasons [12, 18, 29].
We reported in this study our preliminary results of
humeral lengthening using the magnetic IM PRECICE
nail.
There are several limitations in the current study. First, it
is a retrospective study presenting only six segments with
humeral shortening. Second, being a multicenter study may
be considered a limitation. However, that patients underwent
the same plans for treatment and follow-up at both institutions. The follow-up period is relatively short. However, it
was sufficient to assess healing and short-term physical and
functional outcomes after using the IM lengthening nail in
humeral lengthening. Finally, the study did not include intraor interobserver reliability tests for assessing the healing of
the regenerate, which may be considered a limitation.
In the current study, we used the IM PRECICE nails
originally designed for lower limb lengthening. In April
2016, a PRECICE humeral compression-distraction nail
was released, and we have used it once (currently <1 year
follow-up).
Mean CI in the current study was 36 days/cm (range,
24.8 to 45 days/cm). This was slightly greater than reported
in other studies (Table 3). However, statistical comparison
was not amenable due to small cohort in the current study. In
the literature, the mean humeral length achieved with
Ilizarov frames ranges from 5 to 11.1 cm [15, 17, 22, 37].
Kiss et al., in their study, achieved a mean length of 6.2 cm
(range, 4.5 to 10.5 cm) in 11 humeri that underwent lengthening with the Wagner external fixator [19]. Balci et al.
reported a mean length achieved of 7.8 cm (6.5 to 10) in
36 achondroplastic humeri that underwent lengthening with
monolateral external fixators [4]. Pawar et al. used two
different monolateral external fixators to lengthen 19 humeri
with a mean of 7 cm [29]. In our study, the mean length
achieved was 5.1 cm, which met our initial goal (Table 3).
The allowed maximum stroke length of the PRECICE nails
in our study was 5 cm. Two segments had acute 8-mm

Table 3 Comparison with the literature
Author

No. of segments

Method

Mean length achieved (cm)

CI (days/cm)

Number of complications

Current study
Balci et al. [4]
Pawar et al. [29]
McLawhorn et al. [26]
Kashiwagi et al. [16]
Hosny [15]
Cattaneo et al. [9]

6
36
15
3
20
16
43

IM PRECICE
Monolateral fixators
Monolateral fixators
MAC system
Ilizarov
Hybrid
Ilizarov

5.1
7.8
7
6.5
8
9
9

36
24.1
32
27.1
30
28
27

none
12
6
6
4a
19
19

CI consolidation index, MAC Multi-Axial Correction Fixation System, EBI/Biomet Trauma, Parsippany, NJ, USA
Pin-tract infection not reported

a
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intraoperative distraction to obtain the final goal of 5.8 cm.
In these two segments, a longer latency time was recommended to compensate for the acute distraction gap.
Our study demonstrated improved patient-reported
functional outcomes after surgery. The QuickDASH
score showed an average of 23 points improvement
compared with the score before lengthening. This was
comparable to the reported DASH score as a functional
outcome after humeral lengthening using the monolateral
external fixator, with the average of 5 points and 23
points improvement in two studies [4, 29]. UEFI
showed a little improvement from a preoperative mean
of 53 points to a postoperative mean of 71 points, in
spite of the fact that one patient reported a little deterioration of his arm function in his UEFI post-lengthening. Few studies reported either no change or improved
ROM after humeral lengthening with the external
fixators [15, 16, 26, 29]. Cattaneo et al. reported permanent post-lengthening decreased elbow and shoulder
ROM, manifested by joint stiffness in 7% of the cohort
[8, 9]. In our study, patients maintained their ROM
during the lengthening phase at pre-surgery levels. Later,
during the consolidation phase, improvement in elbow
and shoulder ROM (except for shoulder flexion which
was limited in four segments) was observed in two
segments. We were not able to compare this finding
with the literature due to deficiency of data reporting
timing of ROM improvement. We assume that IM nails
allow for easier postoperative physiotherapy and rehabilitation that could be started immediately post-surgery,
compared with external fixators. One negative is that
IM nails are inserted through the rotator cuff.
We did not observe complications related to PRECICE
humeral lengthening in this study. Pin-tract infection, regenerate fracture or deformity post-frame removal, radial nerve
palsy, and hardware failure are all reported complications
associated with humeral lengthening using external fixators
[4, 8, 11, 19, 22, 25, 29, 34]. Radial nerve problems are a
common complication of humeral lengthening. Sometimes
they occur due to regenerate manipulation to correct iatrogenic axial deformity that occurred during lengthening [11].
Percentage of fracture regenerate post-frame removal reported in the literature ranged from 7% to 16% [4, 9, 15, 16, 29].
IM nails avoid the complications of pin-tract infection, regenerate fracture, or axial deformity post-lengthening
(Table 3).
To our knowledge, this is the largest case series
available reporting the use of fully implantable IM
lengthening nails for humeral lengthening. Based on
our preliminary results, we encourage use of the new
available technology when feasible. We conclude IM
lengthening nails can provide the same results and fewer
complications than humeral lengthening with external
fixators. Specifically, the PRECICE nail has accurate
control over the lengthening process. Available nail design may limit its use to selected patients with humeri
that fit certain length and size limitations. Further studies on larger cohorts and increased duration of follow-up
are recommended to confirm our conclusions.
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