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pen surgical treatment of post-traumatic elbow
ontractures in adolescent patients
ickolaos A. Darlis, MD, Robert W. Kaufmann, MD, Dean G. Sotereanos, MD, Pittsburgh, PA
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he results of surgical treatment of post-traumatic
lbow contractures in adolescence have been
onflicting in the literature. Twelve adolescent
atients (mean age 16.7 years, range 13-21) that
ad open release of post-traumatic elbow
ontractures were followed-up for a mean of 18.9
onths (range 10-42 months). All releases were
erformed through a lateral approach (sparing the

ateral ulnar collateral ligament) with anterior joint
elease (in twelve) supplemented by posterior
elease (in four patients). An additional medial
pproach was used in three patients. In three
atients the radial head was excised. A mean gain
f 54° in the flexion-extension arc was observed at
nal follow-up and all patients achieved a functional
OM of at least 100°. The patients maintained
3% of the motion that was achieved

ntraoperatively. No patient lost motion. Open
elease in adolescent patients with post-traumatic
lbow contractures and no intarticular incongruence
r erosion, yielded satisfactory results, similar to

hose achieved in adults. (J Shoulder Elbow Surg
006;15:709-715.)

ost-traumatic elbow contractures are not uncom-
on. Most are initially treated with physical therapy
nd static and/or dynamic splinting. If these modali-

ies fail, operative release is indicated to restore func-
ion. The efficacy of operative treatment of post-
raumatic elbow contractures in adults is well
ocumented. Open releases through anterior,1,8,24

ateral,6,11,14,25 medial18,26,27 and combined15 ap-
roaches have been used. More recently arthroscopic
lbow release3,5,12,19,20,22 has been introduced with
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atisfactory results and low complication rates. For
dult patients with advanced arthritic changes dis-

raction-interposition arthroplasty4,7,23 and total el-
ow arthroplasty17 are salvage options.

Experience with surgical release of post-traumatic
lbow contractures in pediatric and adolescent pa-
ients has been limited2,17,21 and in one report 21

esults were shown to be less favorable and less
redictable, compared to adults. In an effort to better
larify the outcome following post-traumatic elbow
ontracture releases in adolescents we present our
xperience from twelve open contracture releases
sing a consistent surgical protocol.

ATERIALS AND METHODS

A retrospective review of the senior author’s (DGS)
ecords produced sixteen patients under the age of 21 with
osttraumatic elbow contracture releases. Three patients
ith arthroscopic releases and one patient lost to follow up
ere excluded from this study. Twelve adolescent patients

mean age 16.7 years, range 13 to 21 years) with post-
raumatic elbow contracture releases are included in this
tudy. Ten male and two female patients were treated for
ontractures of their dominant elbow in nine and the non-
ominant in three. All patients developed contractures after

rauma (Table 1) and had persistent functional limitations of
he elbow despite initial conservative treatment with physi-
al therapy, static and dynamic splinting. Turnbuckle splints
ere initially used in four of the patients. The average

nterval between the original injury and surgical treatment
as 21.3 months (range 6 to 60 months).
The indication for surgical release was significant func-

ional limitation in the flexion-extension arc. More over, four
atients presented with severe limitations in the pronation-
upination arc as well. With regards to symptoms, four
atients presented with pain at the extremes of flexion or
xtension, one with pain in supination and one with pain
ver prominent hardware. In addition, three patients pre-
ented with cubital tunnel symptoms including medial elbow
ain, ulnar nerve distribution sensory symptoms and one of

hem with mild motor weakness. Two of the patients with
ubital tunnel symptoms had medial epicondyle non-unions.
hree of the patients were completely pain free and none of
he twelve patients reported pain through the entire range of
otion.
Preoperative evaluation included plain radiographs in

ll patients and CT scans to further determine the precise
ocation of heterotopic bone in three patients. All releases

ere performed utilizing a lateral approach to the elbow
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hat was sparing the lateral collateral ligament. Posterior
ontracture release through the same skin incision was
erformed in four patients and a separate medial approach

o address medial sided pathology was performed in three
atients. Radial head excision was necessary in three pa-

ients (Table I).

urgical Technique
The procedure is performed under general anesthesia

upplemented by a brachial plexus block for post-operative
nalgesia. Both anterior and posterior constraints to the
lbow range of motion can be addressed through the
ateral approach. The procedure can be performed through

lateral or a more extensile posterior skin incision.
In uncomplicated cases a lateral skin incision is pre-

erred. Release of the anterior elbow is performed first. The
osition of the radial head is verified by palpation with the
orearm in pronation and supination. The extensor muscu-
ature is incised along the line that connects the tip of the
ateral epicondyle to a point bisecting the width of the
adial head (Figure 1A, 2). This incision spares the lateral
lnar collateral ligament (Figure 1A insert). The extensor
uscles are then partially reflected from the anterior surface
f the supracondylar ridge to expose the anterior capsule
Figure 3). The brachialis muscle fibers covering the anterior
apsule are carefully reflected using a Codman elevator. A

able I Demographic data, etiology, and Procedures

Patient
No.

Age
(y) Etiology

Time from in
capsular rele

1 16 RH fracture 60
2 13 Supracondylar humerus fracture 6
3 15 RH dislocation 42
4 19 Elbow fracture-dislocation,

radius malunion, cubital
tunnel syndrome

20

5 18 Floating elbow, compartment
syndrome (fasciotomy)

10

6 14 Distal radius fracture, non-
displaced RH fracture

50

7 17 Elbow dislocation, medial
epicondyle fracture, cubital
tunnel syndrome

6

8 20 RH fracture 14
9 21 Distal humerus fracture, elbow

dislocation, RH subluxation
28

10 15 Elbow dislocation, medial
epicondyle fracture, cubital
tunnel syndrome

6

11 20 Diaphyseal humerus fracture 8

12 13 Elbow dislocation 6

H, Radial head; RU, radioulnar; MCL, medial collateral ligament.
ong right-angle retractor is used to retract the brachialis e
and the neurovascular structures anterior to it) off of the
apsule (Figure 1B). Under direct vision the anterior capsule
s excised from lateral to medial. Care should be taken to
ncise the capsule under direct vision on its medial aspect
here the ulnar nerve is in jeopardy. After the anterior
apsular release, the entire anterior part of the elbow joint
s visible (Figure 4). Depending on the pathology, there may
e a need to perform osteophyte excision from the coronoid
rocess or the margin of the anterior distal humeral articular
urface which impacts a coronoid osteophyte. Loose body
emoval is also performed as necessary. The articular sur-
aces are carefully inspected. In cases of symptomatic ra-
iocapitellar arthritis or significant painful restrictions in
ronation/supination secondary to old radial head frac-

ures, radial head excision may be necessary to improve
unction.

If the desired range of motion is not achieved through the
nterior release, attention is then turned to the posterior part
f the joint. Through the same skin incision, the interval
etween the triceps and anconeus is developed (Figure 1A,
B, 5). The posterior capsule is released and olecranon tip
nd olecranon fossa osteophytes are removed as necessary
Figure 6). Again, caution is exercised not to injure the ulnar
erve coursing over the medial gutter. In cases with limita-
ions of flexion, release of adhesions between the triceps
nd the posterior surface of the humerus, using a Codman

to
mo) Approach Procedure

Lateral Anterior capsular release, RH excision
Lateral Anterior capsular release, plate removal
Lateral Anterior capsular release, RH excision
Lateral, medial Ulnar nerve transposition, anterior capsular

release, olecranon osteophyte excision,
RU synostosis excision, posterior
capsular release, plate removal, medial
epicondylectomy

Lateral Anterior capsular release, posterior
capsular release, olecranon osteophyte
excision

Lateral Anterior capsular release, posterior
capsular release, olecranon osteophyte
excision

Lateral, medial Anterior capsular release, ulnar nerve
transposition, resection nonunion of
medial epicondyle, MCL repair

Lateral Anterior capsular release, RH excision
Lateral Anterior capsular release, coronoid

osteophyte excision
Lateral, medial Anterior capsular release, ulnar nerve

transposition, resection nonunion of
medial epicondyle, MCL imbrication

Lateral Anterior capsular release, posterior
capsular release, olecranon osteophyte
excision, olecranon fossa HO excision

Lateral Anterior capsular release, triceps release
jury
ase (
levator may be beneficial. This release should not extend
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o the spiral groove of the humerus to avoid radial nerve
njury.

Medial-sided pathology necessitated an additional me-
ial approach in three of our patients. This could also be
ddressed with an extensile posterior approach depending
n surgeon preference. Indications for a medial approach
ncluded ulnar nerve entrapment symptoms and non-union
f medial epicondyle fractures. Severe valgus instability of

he elbow necessitating medial collateral ligament recon-
truction could be another indication. The ulnar nerve is
arefully dissected and transposed anteriorly. Medial epi-
ondylar pathology can be addressed through this incision
nd the stability of the elbow in valgus is examined. If

Figure 1 Schematic of the lateral ulnar collateral liga
A, To expose the anterior capsule, the extensor muscu
lateral epicondyle to a point bisecting the width of the ra
of the supracondylar ridge. Access to the posterior elbo
and the triceps. The position of the two incisions relativ
the insert. B, By reflecting the brachialis off of the an
anterior and posterior release of the elbow joint can
motion can be addressed.

igure 2 Intaroperative image of the lateral approach to the
lbow demonstrating the landmarks for the anterior incision
hrough the extensor musculature along the line that connects the tip
f the lateral epicondyle to a point bisecting the width of the radial
ead.
edial collateral ligament laxity is encountered the liga- l
ent can be imbricated. In cases of complete detachment,
t can be reattached though drill holes or suture anchors to
he medial epicondyle. Formal reconstruction with the use of

tendon graft can be performed if necessary. In this study
edial collateral ligament imbrication was performed in
ne patient and reattachment in another.

After surgically releasing all of the potential sites of
ontracture and impingement, the elbow is gently manipu-

-sparing lateral approach that was used in this study.
e is incised along the line that connects the tip of the
head and is partially reflected from the anterior surface
t is obtained trough the interval between the anconeus

the lateral ulnar collateral ligament is demonstrated in
capsule and the triceps off of the posterior capsule,

erformed and intraarticular obstructs to the range of

igure 3 After partial reflection of the extensor musculature from
he anterior surface of the supracondylar ridge, the brachialis
uscle(and the neurovascular structures anterior to it) is retracted

rom the anterior capsule (caps) with a long right-angle retractor,
hus allowing safe anterior capsular release.
ments
latur
dial

w join
e to
terior
ated under anesthesia using a short level arm. The authors
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nd this useful in regaining the last few degrees of motion
y breaking intraarticular adhesions. The intraoperative
ange of motion is then documented and serves as a useful
eference during the first weeks of rehabilitation. A long
rm splint with the elbow in extension is applied.

Physical therapy is initiated within the first postoperative
eek. Continuous passive motion was used in six of the
atients in this series for a period of four weeks. The
emaining patients underwent a supervised active and pas-
ive range of motion physical therapy program. An ortho-
last long arm extension splint was used during the night for
period of four weeks.
Oral NSAIDs were not used in this study for heterotopic

ssification prophylaxis. In a 19-year-old patient with ex-
ensive bone removal due to heterotopic ossification, post-
perative radiotherapy of 700 cGy divided in two doses
as used. The authors do not routinely use radiation in
hildren and adolescents.

At the last follow-up visit the elbow range of motion was
ecorded in all patients. A long arm goniometer is routinely
sed to record the range of motion in flexion and extension
rc. Postoperative elbow radiographs were reviewed on all
atients. In patients with radial head excision, postopera-

ive radiographs of the wrist were also obtained and post-
perative ulnar variance was measured. Statistical analysis

igure 4 After the anterior capsular release, the entire anterior
art of the elbow joint is visible. Depending on the pathology, there
ay be a need to remove loose bodies, excise osteophytes from the
oronoid process (Cor) and the articular margins of the trochlea or
he capitelum (Cap) and in more rare occasions to perform radial
ead (RH) excision.
as performed using Student’s t-test to compare preopera- (
ive, intraoperative, and postoperative values; P values less
han .05 were considered of statistical significance.

ESULTS

The mean follow-up was 18.9 months (range 10 to
2 months). A detailed presentation of the results is

ncluded in Table II. Flexion was increased from mean
f 113° preoperatively to 129° at the final follow-up
P � .01). Extension improved from a mean �51° to
15° (P � .001). In total, the flexion-extension arc

mproved from 62° to 116° for a mean total gain of
4° (P � .01). All of our patients achieved a func-

igure 5 Intraoperative image of a lateral approach to the elbow
emonstrating the position of the posterior incision at the triceps-
nconeus interval relative to the anterior incision described in
igure 2. Note that a strip of tissue (that includes the lateral ulnar
ollateral ligament of the elbow) remains intact between the two
ncisions thus maintaining the stability of the joint. Both incisions
ave to be closed with interrupted sutures at the end of the
rocedure.

igure 6 After posterior capsular release is performed through the
nconeus-triceps interval, the posterior elbow joint is visible and

oose body removal and osteophyte excision from the olecranon

Olec) tip or the olecranon fossa of the elbow can be performed.
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ional range of motion of at least 100 degrees in the
exion extension arc. No patient lost motion. Prona-
ion was improved from 58° to 77° and supination
rom 56° to 62°, but these improvements did not
each statistical significance. All three patients in
hich the radial head was excised improved their
ronation and supination, but one failed to achieve
upination past neutral. Comparing the range of mo-
ion that was achieved intraoperatively with the one
ecorded at final follow up, a mean of 9° of motion
as lost (from a mean of 125° in the flexion-extension
rc intraoperatively to 116° at final follow-up).
inety-three percent of the motion achieved intraop-

ratively was maintained at the final follow up.
One complication was encountered amongst these

welve patients. A superficial wound infection devel-
ped at the incision site in one patient. It was success-
ully treated with suture removal and and oral antibi-
tics on an outpatient basis.

Ulnar nerve symptoms completely resolved in two
f the three patients with preoperative cubital tunnel
yndrome. The third patient complained of mild inter-
ittent pain without sensory deficits and declined any

urther treatment. Persistent pain with extreme exten-
ion was observed in one patient. The remaining
atients were symptom free. No patient complained
f instability, including the two patients in which the
edial collateral ligament was either imbricated or

epaired during the procedure.
Postoperative radiographs were available for all

atients after a mean of 16 months (range 4 to 24
onths) from the procedure. In one patient, clinically

nsignificant heterotopic ossification (Hastings and
raham9 class I) was observed at the anterior prox-

mal humerus. No signs of elbow arthritis were ob-
erved. Regarding the three patients with radial head
xcision, overgrowth of the stump of the radius was
bserved in one patient without any functional limita-

ion. Proximal radial migration was observed in two
f the patients with radial head excision (ulnar posi-

ive variance of 2 and 3 mm, respectively) but both
emained asymptomatic at the final follow-up.

ISCUSSION

Children and adolescents are not immune to post-
raumatic elbow contracture. If elbow contractures
ventually develop in children and adolescents, an
nitial period of conservative treatment using static,
ynamic, or turnbuckle splints is recommended, pro-
ided there are no bony restraints to the range of
otion. In cases refractory to conservative treatment,
perative release is an option. Results of operative

reatment in the pediatric population have been infre-
uently reported. Mih and Wolf17reported nine pe-
iatric patients with elbow contractures (secondary to
trauma in six) treated with a lateral approach andTa Pa
t N

M
e
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upplemented by a medial approach. At an average
f 17 months follow-up, a mean improvement of the

otal range of motion of 53° was observed. A func-
ional range of motion of 100° was achieved in 8 out
f 9 patients. Lengthening of the biceps, triceps or
edial collateral ligament was mentioned as part of

he treatment in an undisclosed number of patients.
ae2 followed eleven adolescent patients with post-

raumatic elbow contractures treated through an ex-
ensile medial approach for an average of 29
onths. The mean improvement of the total arc of
otion was 54° and 9 out of 11 patients achieved a

unctional range of motion of 100°. Aldridge, et
l1reviewed the outcomes of 106 patients treated
ith an anterior approach for a flexion contracture.
he results in twelve patients under age 19 were not
ound to be significantly different than the results of
ther age groups. Our experience with adolescent
atients is similar to the above mentioned studies. The
ean improvement in the elbow flexion extension arc
as 54° with all our patients achieving final arc of
otion of at least 100°.
The results of a study by Stans et al21 were less

ptimistic. Thirty-seven patients under the age of 21
ears with open surgical release of elbow contrac-
ures were evaluated. Contractures were secondary
o trauma in 28° of those patients. The preoperative
ange of motion was similar to this study, yet only 28°
f mean improvement in the flexion-extension arc
ere observed and only 17 out of 37 patients
chieved a functional arc of motion of 100°. The
uthors of that study found the results in the traumatic
nd non-traumatic groups to be similar. The discrep-
ncy in the results between this and previous studies
ay be explained by the inclusion of more severe
lbow contractures in the study by Stans et al. Four of
heir patients needed contouring of the distal humerus
o reconstruct a congruent joint. An external fixator
as applied after the release in six patients (in three

n conjuction with a fascial interposition arthroplasty)
t is evident that patients with severe ulnohumeral joint
rosions were included in that study and pooling of
he data with the patients with simple contractures
ould account for the inferior results. Elbow distrac-
ion arthroplasty or elbow interposition arthroplasty
re salvage procedures in young patients and results
ollowing these two procedures have been subopti-
al in the literature.4,7,23

The presence of intraarticular incongruence and
artilage erosions of the ulno-humeral joint can neg-
tively affect the outcome of elbow contracture re-

eases. Radiographs and even CT scans may be
nconclusive as to the presence of ulno-humeral carti-
age erosions as accurate positioning of patients with
lbow contractures for those imaging studies can be
ery difficult. It is important for the surgeon to assess

reoperative pain. Pain presenting at the extremes of r
exion or extension is usually caused by impingement
f osteophytes. In contrast, pain throughout the range
f motion is indicative of arthrosis and may adversely
ffect prognosis for these patients. The results of el-
ow releases in patients without significant ulnohu-
eral erosions presented in our study and in the

tudies by Mih17and Bae2 seem to be more favorable
nd comparable to the ones achieved in adults.

The follow up in this study, although similar to
revious studies, is rather short (mean 19 months,
inimum 10 months). In two longer-term studies1,21 no

ignificant changes in the range of motion were re-
orded after the six and twelve months follow up
oint, respectively. Nevertheless, the possibility of
rthritic progression in the long term remains.

The lateral collateral ligament sparing lateral ap-
roach that was used in this series presents some
ifferences with the ones described in the literature. In

he original “lateral column” procedure6,14 the inter-
al between extensor carpi radialis longus (ECRL) and
he extensor digitorum communis (EDC) is used to
xpose the anterior capsule. In our technique, ante-
ior exposure is obtained with an incision extending
rom the tip of lateral epicondyle to a point bisecting
he width of the radial head. This exposure is simpler,
sing more stable anatomic landmarks. The intramus-
ular plane described above is often difficult to dis-
ern. Moreover, this incision provides easier access
o the radial head, should radial head resection be
ecessary. Keeping the forearm in full pronation and
voiding overjealous anterior retraction help in pro-

ecting the posterior interosseous nerve. No neura-
raxias were observed in this study.

Radial head excision to improve restricted prona-
ion and supination secondary to radial head frac-
ures was used in this and other2,21 studies. Radial
ead excision alone without anterior capsular release
an offer only a modest increase in flexion/extension
nd was complicated with appositional overgrowth

n 50% of post-traumatic patients in one study of
dolescent patients.10 Proximal radial migration was
bserved in most patients in that study, but no symp-

oms were recorded at the mean follow-up of 7.8
ears.

Experience from arthroscopic contracture release
n pediatric and adolescent patients is very limited at
his point. Micheli et al16 reported arthroscopic re-
eases in nine patients with post-traumatic arthrofibro-
is and elbow contractures. Six of those patients were
ollowed and a mean gain of 63° in the arc of motion
as reported. However, one of these patients had a

air and one a poor functional result. Arthroscopic
elease of pediatric elbow contractures is promising,
ut needs to be further evaluated.

In conclusion, based on our series, the results of
pen release of post-traumatic elbow contractures

efractory to conservative treatment in adolescent pa-
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ients can be satisfying. In patients presenting without
ain through the range of motion or other evidence of
lno-humeral joint incongruence or erosions the prog-
osis is favorable, similar to the adult population. The
vailable literature, although small in numbers, fur-

her supports this conclusion.13
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