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Abstract We report the results of fifteen cases of

Sprengel’s deformity treated surgically by initial subperi-

osteal resection of the middle third of the clavicle in con-

junction with surgical release of all attachments of the

scapula to the spine, excision of any omovertebral bone

and resection of prominent supraspinous process of scap-

ula. The patients included ten female and three male

patients (age range at the time of operation, 3.3–10 years;

mean: 6.11 years). The deformity involved the left shoul-

der in eight patients, the right shoulder in three and two

were bilateral. All patients were followed for an average of

5.9 years (range 4–11 years). Preoperatively, the arc of

total abduction (glenohumeral and scapulothoracic) ranged

from 80 to 140�, and the average was 110�. The shoulders

were level, and the range of motion was dramatically

improved with an average range of abduction of 166.5�
(range 140–180�). The age of the patients and the presence

of an omovertebral bone did not influence the results. All

patients and their parents expressed satisfaction with the

operative results. We feel that our procedure is a simple

one, which helps to improve the degree of correction, avoid

neurovascular complications and has the advantage of

complete regeneration of the clavicle. The technique pro-

vides an easy, safe method of repositioning the scapula at

its normal level.
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Introduction

Sprengel’s deformity is a complex structural abnormality

of the shoulder girdle associated with malpositioned dys-

plastic scapula with muscle hypoplasia or atrophy; this

causes disfigurement and limitation of shoulder movement.

The aetiology of Sprengel’s deformity is related to limb

bud formation, which results in disruption of normal

sequence of development during the foetal period [1, 2]. It

is often accompanied by other congenital anomalies [3, 4].

The cosmetic deformity and limitation of abduction

remain the major concern and are sometimes accompanied

by functional impairment. Congenital elevation of the

scapula in Sprengel’s deformity remains a complex thera-

peutic problem [5]. Surgical treatment is recommended in

significantly involved patients to improve the cosmetic

appearance and function of the involved shoulder. Many

surgical procedures have been described with varying

results [6–10]. We present a technique that not only pro-

duces a safe repositioning of the scapula but also improves

the function of the shoulder girdle.

Patients and methods

Between 1999 and 2006, fifteen cases of Sprengel’s

deformity in thirteen patients were treated by our tech-

nique. There were ten girls and three boys. The average age

at the time of surgery was 6.11 years (range 3.3–10 years).

The deformity involved the left shoulder in eight patients,

the right shoulder in three and two were bilateral. The

preoperative screening protocol included a thorough phys-

ical examination and radiological assessment of the chest

and cervical and thoracic spine.
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All cases of Cavendish grade IV (Table 1) had CT scan

and 3D reconstruction of the shoulder and the scapula to

exclude associated omovertebral connection (Fig. 1). The

investigations represented an attempt to identify any

associated anomalies that might accompany the Sprengel’s

deformity, including scoliosis, anomalies of rib or vertebral

segments, omovertebral bone connection, torticollis, and

musculo hypoplasia, especially around the shoulder. All

cases of associated congenital scoliosis had magnetic res-

onance imaging (MRI) to exclude underlying associated

spinal cord anomalies. Twelve of the thirteen patients had

an associated congenital anomaly. Seven of these twelve

patients had more than one associated abnormality. The

most common abnormalities were congenital scoliosis in

six patients, omovertebral bar in six patients, absent or

fused ribs in three patients, and Klippel-Feil deformities in

two patients (Table 2).

The other significant abnormalities included Syringo-

myelia (two patients) and diastematomyelia (one patient).

Although accurate measurement of scapular lowering is

difficult due to the hypoplastic nature of the affected

scapula, we did use standing anterior posterior radiographs

of both scapulae and chest to measure scapular lowering

and were compared with the preoperative radiographs.

The distance of elevation of the scapula was measured

using the method described by Carson et al. [11]. The

method entails measurement of the distance between the

inferior scapular corners of each side. For bilateral

deformities, each point was measured against a bony

landmark on the spine.

We draw a parallel transverse lines passing through the

inferior scapular corners and measure the distance differ-

ence between the inferior scapular corner of the abnormal

side preoperative and postoperative. Preoperatively, the

severity of the deformity was assessed on the basis of the

four-grade system established by Cavendish (Table 1) [12].

The gender, age of patients at operation, preoperative and

postoperative Cavendish classification grades, preoperative

and postoperative shoulder abduction angles, and follow-

up period were recorded (Table 3). All patients had pho-

tographic documentation of their shoulder function before

and after surgery, deformity improvement shown by the

position of shoulder joints and the appearance of postop-

erative scars (Fig. 2).

Surgical technique

All patients had the same surgical approach from the

author. The operation was performed with the patient under

general anaesthesia in a supine then in a prone position.

Initially, while the patient was in a supine position with a

sandbag between the scapular blades and facing the

opposite side, the area of operation was prepared and

draped followed by a 3-cm supraclavicular incision made

2 cm cephalad to the mid-portion of the clavicle, in line

with the skin creases.

The deep fascia was incised, and the periosteum of the

clavicle divided longitudinally. The underlying subclavian

vessels and brachial plexus were carefully protected by fine

Table 1 Cavendish grading

Grade Severity Shoulder level Deformity

I Very mild Shoulder joints are level Invisible when the patient is dressed

II Mild Shoulder joints are level Obvious when the patient is dressed

III Moderate The affected shoulder is elevated 2–5 cm Obvious lump in the web of the neck

IV Severe The affected shoulder is elevated [5 cm Superior angle of the scapula is near the occiput

Fig. 1 A 7-year-old female child had multiple congenital anomalies.

a and b 3D computerized axial tomography scan (CAT Scan) of the

both scapulae (posterior view and top view), showing bilateral

Sprengel’s deformity with bilateral omovertebral bony connections,

congenital scoliosis, and fused ribs on the right side (Case no. 7

Table 2)
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bone levers inserted inside the periosteal sheath. With a

bone cutter, one inch of the middle third of the clavicle was

taken out, followed by continuous closure of the periosteal

sheath using 4/0 Vicryl forming periosteal tube and sub-

cuticular suture for the skin (Figs. 3 and 4). Next, the

patient was turned to the prone position, and the area of

operation was prepared and draped with the ipsilateral

upper extremity included in the operative field.

A mid-line longitudinal incision was made from the

mid-cervical spine to the ninth thoracic spine. Dissection of

the subcutaneous tissue up to the lateral border of the

scapula releases all the trapezius muscle attachments lat-

erally from the spine of the scapula and reflected medially

(Fig. 5). Care was taken to avoid injury to the spinal

accessory nerve. The supraspinatus muscle was then

detached extraperiosteally to the greater scapular notch.

The transverse scapular artery and the suprascapular neu-

rovascular bundle were protected. The omovertebral bar

was then excised, starting with scapular attachment. The

omovertebral bar was gently detached from its insertion to

the cervical spine. The insertions of the levator scapulae

and rhomboid muscles were extraperiosteally dissected,

divided from the medial scapular border, and tagged

(Fig. 6). Resection of the prominent superiomedial portion

and the supraspinous portion was performed, followed by

diathermy of the bone edges to avoid new bone formation.

The scapular attachments of the latissimus dorsi muscle

were divided extraperiosteally. Blunt dissection was used

to create a large pocket in the superior part of the latissimus

dorsi muscle.

Fibrous bands may connect the scapula to the chest wall;

these should be divided by blunt dissection using gause and

finger in order to mobilise the scapula. We do ask the

anaesthetist to abduct both shoulders to around 120�; then,

we do apply gentle downward pressure on the upper part of

the scapula by index and middle finger to allow the scapula

to be descend distally to the desired possible position

without tension.

The desired rib, or the rib above according to the descent

and size of the scapula, compared with the level of the

normal side, which is usually the seventh rib posteriorly.

The rib is opened subperiosteally all around, and small

blunt bone levers are used to protect the underlying tissue

(Fig. 7). Using a towel clip, a hole is opened in the rib, and

the lower pole of the scapula is sutured to the rib and fixed

by size 2.0 vicryl suture (Fig. 8). The muscles were reat-

tached in the following order: supraspinatus muscle to the

base of the scapular spine, subscapularis muscle to the

vertebral border of the scapula, serratus anterior muscle to

the vertebral border, the length end levator scapulae muscle

then sutured to the superior border, rhomboid muscles

reattached at a higher site to the medial border of the

scapula and the superior border of the latissimus dorsi

muscle to the posterior scapular muscle above the inferior

angle of the scapula (Fig. 9).

Finally, the levator scapulae muscle reattached to the

spine of the scapula. Redivac drain size 14.0 was inserted

Table 2 Associated congenital anomalies in 13 patients

Associated abnormalities Number of patients %

Congenital scoliosis 6 46.15

Omovertebral bone 6 46.15

Absent or fused ribs 3 23

Klippel-Feil deformities 2 15.38

Syringomyelia 2 15.38

Diastematomyelia 1 7.7

Table 3 Demographic and clinical data of treated patients with subperiosteal resection of the clavicle for Sprengel deformity

No Sex Age

years ? months

Preop. Cavendish

classification

Postop. Cavendish

classification

Preoperative

abduction

Postoperative

abduction

Follow-up/

year

1 Female 10 years IV II 90 150 5

2 Female 5 years ? 4 months IV I 110 170 6

3 Female 3 years ? 5 months III I 120 180 5.5

4 Female 4 years IV I 100 170 5

5 Male 6 years III I 130 165 6

6 Male 4 years ? 8 months III I 130 170 5

7 Female 7 years IV I 90 160 5

8 Male 8 years ? 5 months IV II 110 180 7

9 Female 4 years ? 5 months IV I 100 170 7.5

10 Female 6 years III I 120 170 5

11 Female 3 years ? 3 months III I 140 180 11

12 Female 10 years IV I 80 140 5

13 Female 7 years IV II 110 160 4
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Fig. 2 A 4-year-and-5-month-old female child presented with defor-

mity in the right scapula. a Photograph of the patient from behind

while standing erect, showing prominent high scapula on the right
side, causing elevation of the shoulder level at the same side.

b Photograph of the patient from behind while standing erect and

abducting both upper limbs, showing marked restriction of the

abduction and compensating by lumbar lordosis to achieve proper

abduction. c Photograph of the patient from behind while standing

erect at the age of 12 years, showing both scapulae at the same level

and well-balanced shoulder levels. d Photograph of the patient from

behind while standing erect and abducting both upper limbs at the age

of 12 years, showing 180o abduction of both shoulders. e 3D

computerized axial tomography scan (CAT Scan) of the both

scapulae (posterior view) taken at the age of 12 years, showing

upper thoracic scoliosis and well-balanced both scapulae with signs of

the resected superiomedial portion of the scapula on the right side

(Case no. 9 Table 2)

Fig. 3 a This is an intraoperative photograph for a 6-year-old male

child, demonstrating the subperiosteal resection method, showing the

exposed middle part of the right clavicle with small bone levers for

protection the underlying neurovascular structures. b Intraoperative

photograph of the resected segment of the right clavicle (Case no. 5

Table 2)
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under the subcutaneous tissue at the region of the scapula.

The wound was then closed in layers. Postoperative treat-

ment consisted of application of a broad arm sling for

4 weeks, followed by a range of movement exercise to the

shoulder girdle for 4 weeks. Cases of bilateral deformity

were operated on 6 months after the operation on the other

scapula.

Results

The results of the thirteen patients are shown in Table 3.

All the patients improved functionally and cosmetically

after an average follow-up of 5.9 years (range 4–11 years).

Preoperatively, the arc of total abduction (glenohumeral

and scapulothoracic) ranged from 80 to 140�, and the

average was 110�. The shoulders were level, and the range

of motion was dramatically improved with an average

range of abduction of 166.5� (range 140–180�). Preopera-

tively, 38.46% of the patients had minimally affected

Fig. 5 Schematic drawing of the anatomical and pathological

structures seen after reflection of the Trapezius muscle. 1 Omover-

tebral bar, 2 Rhomboides minor muscle, 3 Rhomboides major muscle,

4 Upper trapezius muscle, 5 Lower trapezius muscle, 6 Levator

scapula muscle, 7 Supraspinatus muscle, 8 Infraspinatus muscle, 9
Deltoid muscle fibres, 10 Teres minor and major muscles, 11
Lattismus dorsi muscle

Fig. 4 Schematic drawing of the subperiosteal resection of the

clavicle. a 1 Bone lever on the lateral side, 2 Bone cutter, 3 Middle of

the clavicle, 4 Dissected periosteal sheath, 5 Bone lever on the medial

side, 6 Retracted skin and subcutaneous tissue. b After removal of the

middle segment of the clavicle subperiosteally. 1 Lateral part of the

clavicle, 2 Intact periosteal sheath, 3 Medial part of the clavicle.

c Closure of the periosteal sheath by continuous 4/0 vicryl suture

forming a periosteal tube

b
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abduction ([120�) (Cavendish grade III), and the operation

was performed only for cosmetic improvement.

In an attempt to provide a quantitative approach in the

evaluation of cosmetic improvement, the grading system of

Cavendish was used. There was improved cosmesis with a

decrease of at least 2 Cavendish Grade in all patients. Ten

of the thirteen patients examined at follow-up were rated as

grade I, and three patients were rated as grade II.

The average scapular lowering obtained was 3.7 cm

(range 3–6.3 cm) compared with the preoperative level. As

the Sprengel’s deformity is a complex shoulder girdle

Fig. 6 Schematic drawing of the structures seen after resection of the

Omovertebral bar and superior aspect of the supraspinus fossa, with

fixation of the inferior scapular pole to the desired rib. 1 Upper

trapezius muscle, 2 Lower trapezius muscle, 3 Detached Rhomboides

minor muscle, 4 Detached Rhomboides major muscle, 5 Levator

scapula muscle after lengthening, 6 Remaining part of the superior

angle and superior border of the scapula, 7 Deltoid muscle fibres, 8
Anchoring vicryle suture of the inferior pole of the scapula to the

desired rib, 9 Lattismus dorsi muscle

Fig. 7 Intraoperative photograph showing the status of the subperi-

osteal dissection of the rib posteriorly. 1 Cranial side, 2 Caudal side, 3
The exposed desired rib, 4 Posterior chest wall

Fig. 8 Intraoperative photograph showing the status of the scapula in

its descended site fixed to the rib. 1 Cranial side, 2 Caudal side, 3 The

fixed inferior pole of the scapula to the desired rib, 4 Posterior chest

wall, 5 The scapula in the new position

Fig. 9 Schematic drawing of the final status of the scapula in the new

position. 1 Sutured Rhomboides minor muscle to proximal new

insertion in the scapula, 2 Sutured Rhomboides major muscle to

proximal new insertion in the scapula, 3 Upper trapezius muscle, 4
Lower trapezius muscle, 5 Sutured lengthened Levator scapula

muscle to the remaining superior angle, 6 Sutured Lattismus dorsi

muscle to the posterior scapular muscle, 7 The site of the anchored

inferior pole to the rib is covered by the Lattismus dorsi muscle, 8
Lattismus dorsi muscle
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deformity, it is difficult to isolate the scapulothoracic range

of motion from the glenohumeral range of motion, and

therefore, the abduction was recorded as a combination of

glenohumeral and thoracoscapular movements. The aver-

age improvement in the shoulder abduction was 56.5�. The

improvement in range of motion was achieved within

10 weeks from the time of the operation. Three minor

complications were noticed: an exostosis on the supero-

medial border of the scapula in one patient, with no

affection of the range of motion, seroma in one patient

which was drained 2 weeks later and widening of the

postoperative scar in one patient.

Radiographs in all cases showed complete healing of the

clavicle after 5 weeks (Fig. 10). The patients were asked

whether they do have pain or not, none of the patients

complained of pain at all in the region of the operative site

at the final follow-up. A subjective inquiry was directed to

both the parents and the paediatric patients with respect to

their impressions of the full restoration of activities of daily

living and participation in children’s games generally.

Patients and their parents expressed satisfaction with the

operative results and were pleased with the marked cos-

metic appearance of the achieved scapular lowering and the

shoulder functional improvement. None of the children

displayed any progressive loss of motion of the relevant

shoulders. The position of the corresponding scapula did

not change with time. There were no vascular complica-

tions or wound infections. No recurrence of the deformity

was noted in any of the thirteen patients.

Discussion

Congenital elevation of the scapula is rare, but it is the

commonest deformity of the upper extremity and the

shoulder girdle [13]. The deformity is a major concern, and

sometimes, the deformity is accompanied by cosmetic and

functional impairment. Abduction of the involved shoulder

is generally limited in proportion to the severity of

angulation, but the functional disabilities are often minimal

[7]. Prenatal ultrasonographic diagnosis of Sprengel’s

deformity has been reported [14].

Sprengel’s deformity is usually diagnosed at birth only

in severe cases, and the diagnosis is more likely in patients

with other associated congenital anomalies. In cases of

mild and moderate deformity, diagnosis may be made at

any age. As we are a tertiary referral centre, all patients

were referred to us at the age of operation. Sprengel’s

deformity may be associated with congenital abnormalities

of the other organ systems or may be part of syndromatic

child [4, 15–20]. One or more abnormalities are found in

almost all patients [11, 21]. The most common anomalies

are congenital scoliosis, diastematomyelia, Klippel-Feil

deformity, and absent or fused ribs [7].

In our study, twelve patients (92.3%) had associated

congenital anomalies. Seven of these twelve patients had

more than one associated abnormality. The only syndrome

that was found in our cases was Klippel-Feil syndrome

(15.38%). None of the described syndromes in the litera-

ture could be found in our cases. A frequent anomaly

associated with Sprengel’s deformity is the omovertebral

connection, which could be fibrous band, cartilage, bone

connection, or a combination of these. It connects the su-

peromedial border of the scapula to the spinous process,

lamina, or transverse processes of the cervical spine. It has

been reported to be present in 18–60% of patients with

congenital elevation of the scapula [6, 12, 21]. In our group

of patients, it occurred in 46.15%% of the patients, had

significant limitation in abduction of the involved shoulder,

and excision of omovertebral bone improved the abduction

in all cases. Surgery for Sprengel’s deformity can produce

less lowering of the scapula than desired and occasionally

can result in an injury to the brachial plexus or brachial

artery [13].

Many surgical procedures have been designed to correct

this deformity, but because of the abnormal scapula and the

frequently associated anomalies of spine and chest-wall

asymmetry, no single procedure can be expected to

Fig. 10 a Plain radiograph (Anterior posterior view) of the left
shoulder and clavicle in the first postoperative day, for 4-year-and-8-

month-old male child showing the bone defect in the clavicle after

subperiosteal resection. b Plain radiograph (Anterior posterior view)

of the left shoulder and clavicle of the same child after five weeks of

subperiosteal resection, showing complete regeneration of the defect

and healing in the clavicle (Case no. 6 Table 2)
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produce a perfect appearance in these children [2, 4, 5, 9–

11, 20, 22–27]. The operation performed in our patients

differs from the original procedure described by Woodward

or modified Green scapuloplasty [6, 7, 10]. We included

the subperiosteal resection of the middle third of the

clavicle as a routine procedure before correction of

the deformity. This allows an easy downward movement of

the scapula without neurovascular compromise.

Excision of the superomedial portion and the supraspi-

nous part of the scapula improves the cosmetic appearance

and decreased horizontal width helps to diminish the

winging of the scapula. Some authors recommend clavic-

ular osteotomy or morcellisation of the clavicle as a routine

part of the procedure to diminish the risk of neurovascular

compression that may occur between the clavicle and

deformed chest wall [5, 8, 27]. These complications are

particularly high in older children [7, 12]. On the other

hand, some surgeons do not advise routine performance of

clavicle surgery in all patients [7, 20].

In our series, however, we used routine clavicle surgery

in the form of subperiosteal resection of one inch from the

middle third clavicle to overcome these problems. The age

at which surgical intervention should be undertaken has

been discussed by various authors [5, 12, 21].

In patients younger than three, the surgery is technically

more difficult and children older than six are not suitable

candidates for a scapular displacement procedure [12, 21].

None of our patients were younger than 3 years; on the

other hand, six of our patients (46.14%) were older than

six. The recommended age at which surgery should be

performed is between three and 8 years [11, 20]. In our

study, it was difficult to specify criteria to define the

optimal age for operative correction.

The age of our patients at the time of the procedure

varied from 3.3 to 10 years (average, 6 years 1 month). We

did not find significant differences in any of the indices

evaluated for our patients in different age groups at the

time of surgery. We saw an average improvement of 56.5�
in combined shoulder abduction in our patients, which

agrees with the average improvement of 23–77� reported in

the literature [2, 9, 11, 20, 25, 26]. Cosmesis and functional

impairment are the usual indications for surgical correction

of the scapula [12]. All our patients had cosmesis prob-

lems, functional disability or both. Simple excision of the

superomedial part of the scapula and the omovertebral

bone or proximal muscles release to allow the scapula to be

transplanted distally is associated with an unacceptable rate

of incomplete correction or recurrent deformity [8, 12].

No recurrence of the deformity, however, has been

noted following the Woodward procedure or modified

green scapuloplasty [6, 10, 11, 20, 26]. Idiopathic postop-

erative scapular winging is a known cosmetic problem after

the Woodward procedure [2, 8, 11]. We did not observe

any case of postoperative winging in our patients. An

unsightly postoperative surgical scar has been reported

in various described procedures for correction of the

deformity [9–11].

There were only minor complications noted, including

one widened scar, one superior angle exostosis and one

seroma. Temporary or permanent brachial plexus palsy has

been described after surgical correction of Sprengel’s

deformity [24, 26]. There were no cases of brachial plexus

palsy induced by our method of surgery. Sprengel’s

deformity is a significant structural abnormality that pro-

duces an unsightly cosmetic appearance, restricts shoulder

motion, and cannot be treated conservatively. We believe

the most favourable cosmetic and functional results with

low morbidity in patients with Sprengel’s deformity are

obtained by subperiosteal resection of the middle third of

the clavicle combined with resection of the prominent su-

peromedial border of the scapula, supraspinous portion as

well as the omovertebral connection, and downward dis-

placement of the scapula to a more inferior position.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution and reproduction in any medium, provided the original

author(s) and source are credited.
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