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a b s t r a c t

Objective: The aim of this retrospective study was to find out whether a cut off value existed for elbow
flexion and extension after open surgical release of elbow contracture that would correlate with sub-
jective patient satisfaction.
Methods: The study enrolled 77 patients (53 males and 24 females with a mean age of 35.1 (18e77) years
at the time of operation) with elbow contracture who attended regular follow-up appointments for more
than 12 months. The mean follow up period was 44.2 months (12e186). The preoperative and post-
operative modified MAYO elbow scores, objective parameters of increase in both flexion and extension
end point measurements and improvement in total ROM were compared in order to determine the cut
off degree of ROM in both flexion and extension that significantly correlated with patient satisfaction.
Results: Of the 77 participating patients, 26 patients had an extrinsic (33.8%) and 51 patients had an
intrinsic elbow contracture (66.2%). Surgeries performed involved 40 cases of lateral release and 37 cases
of both lateral and medial (progressive) release. The median preoperative total flexion-extension arch
(ROM) was 45� (20�e65�). The median postoperative total flexion-extension arch (ROM) was 110� (97.5�

e125�). The modified MAYO elbow score improved from 60 to 85 points postoperatively. The post-
operative flexion cut off value was 115� for an excellent or good postoperative modified MAYO elbow
score.
Conclusion: Post-operative flexion cut off value was 115� and had a positive effect on the postoperative
patient satisfaction. The cut off value for postoperative extension was 20� but it was not a significant
variable on patient satisfaction as was the total increase in ROM.
Level of significance: Level IV Therapeutic Study.
© 2017 Turkish Association of Orthopaedics and Traumatology. Publishing services by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Elbow joint is prone to stiffness after trauma and surgery. It has
a small intracapsular volume, predisposing the joint to stiffness
with effusion, hemarthrosis, scarring, and thickening of the
capsule. Results of conservative treatment of significant elbow
contractures are generally unsatisfactory.1e6 Surgical treatment is
technically demanding, as a thorough understanding of the path-
oanatomy and formation of an appropriate surgical plan are nec-
essary.6e12 The goal of open surgical treatment is to completely
resect all pathological tissues and protect the collateral ligaments, if
possible. Several articles have reported steady improvement in
range of motion (ROM) of the elbow joint after operative
).
ciation of Orthopaedics and

s and Traumatology. Publishing se
treatment.5,8,13e24 Yet correlation between objective parameters of
increase in flexion and extension arch and improvement in total
ROM and subjective patient appreciation has not been well
established.25e33

The aim of this retrospective study was to determine whether
there was a cut-off point of ROM in both flexion and extension that
produced significant correlation with subjective patient satisfac-
tion. Other variables that might have an effect on the clinical results
of the procedure were also analyzed.

Patients and methods

Over the 16-year period between 1997 and 2013, 2 surgeons
performed open surgical release in adult patients with an estab-
lished stiff elbow at this hospital. The following criteria were used
to define established stiff elbow:
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Fig. 1. Lateral surgical exposure. LCL: Lateral collateral ligament.
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1 Loss of extension of greater than 30� or flexion of less than 120�,
2 No skeletal injury other than to elbow joint in the same

extremity,
3 A minimum interval of 3 months between the trauma or most

recent surgery and the proposed surgery, and
4 Failure of a rehabilitation program or inability to participate in

program within 3 months after the trauma or most recent
surgery.

Patients with an established stiff elbow were excluded from the
study on the basis of the following criteria:

1 Active infection,
2 Associated nonunion of the humerus, ulna, or radius that

necessitated surgical treatment,
3 Patients with an associated central nervous system injury that

interfered with the rehabilitation of the involved extremity,
4 Patients with open physis, or
5 Advanced cartilage injury that required some form of interpo-

sition arthroplasty in addition to elbow release.

Peripheral nerve dysfunction and presence of an internal fixa-
tion device were not considered exclusion criteria. Kocaeli Uni-
versity ethics committee approval was granted for retrospective
review of medical documents and follow-up visits of patients,
including physical examination and obtaining radiographs. Total of
92 patients who met the enrollment criteria of the study were
listed, and 77 of the 92 patients who had regular follow-up period
of more than 12 months and who agreed to participate were
included in the study. The following data were obtained from
medical charts at most recent follow-up:

1 Preoperative modified Mayo Elbow Performance Scores,
2 Postoperative modified Mayo elbow scores at latest follow-up

visit,
3 Preoperative and postoperative flexion and extension

measurements,
4 Postoperative total increase in joint ROM.

ROM was measured with hand-held goniometer. Subjective
parameter of patient satisfaction was evaluated on the basis of
postoperative modified Mayo elbow score. Objective parameters,
such as increase in flexion and extension arch and improvement in
total ROM, were compared in order to determine cut-off value of
ROM in both flexion and extension that correlated significantly
with patient satisfaction.

Other factors that might have had an effect on postoperative
patient satisfaction, such as type of contracture (intrinsic or
extrinsic), time interval between trauma and proposed surgery,
type of surgical plan (lateral exposure, medial exposure, or com-
bined surgery) were also assessed.

Surgical technique

Of the 77 patients, 40 had lateral release and 37 had lateral and
medial (progressive) release. This surgical concept is one of the
subjective criteria of the study, since progressing to medial release
depended on the surgeon's dissatisfaction with peroperative result
after lateral release.

All patients were operated on in supine position. Under general
anesthesia, the involved upper extremity was prepared and tour-
niquet was inflated to 250 mmHg after exsanguination. Incision
was made over the lateral epicondyle and central portion of the
radial head. Anterior and posterior skin flaps were raised to protect
the lateral antebrachial cutaneous nerve. Next, incision was made
beginning 3e4 cm proximally to the epicondyle and extending
distally to just beyond the radial head. The fibers of the extensor
carpi radialis longus muscle were identified and were dissected off
the anterior capsule with an elevator to identify the plane of the
capsule. The tendinous origin of the common extensor tendon was
then sharply elevated to complete the exposure of the anterior
capsulewhen the radiocapitellar joint and the anterior aspect of the
elbow joint could be seen. The interval between the anterior
capsule and the brachialis muscle was then identified and devel-
oped with blunt dissection. Deep retractor was then positioned to
protect the brachialis muscle while the anterior capsule was
excised.

If access to the posterior elbow joint was required, care was
taken to protect the origin of the lateral collateral ligament (LCL)
from the epicondyle (Fig. 1). Posterior capsulectomy could then be
performed and the olecranon and olecranon fossa inspected.

When full ROM was restored with lateral approach, tourniquet
was deflated and bleeding was controlled. After inserting suction
drain, the anterior and posterior extensor origins were reattached.

Failure to restore nearly full motion with resection from the
lateral approach was an indication for additional medial incision.
This was also designed over the epicondyle. Care had to be taken to
protect the medial ante brachial cutaneous nerve. Ulnar nerve was
dissected distally, through the cubital tunnel, and then mobilized
with its blood supply. Next, the area anterior to the medial inter
muscular septum was exposed. The fascial confluence over the
interval between the brachialis and flexor-pronator muscle masses
was incised and blunt dissection was performed to expose the
median nerve and brachial vessels. These did not need to be
dissected, but merely visualized, so that safe resection could be
performed. The anterior portion of the flexorepronator muscle
masswas then released, exposing the anterior capsule for resection.
Care was taken to protect the anterior bundle of the medial
collateral ligament (MCL). Posteriorly, the floor of the cubital tunnel
was the posterior MCL and capsule and could now be resected,
along with the posteromedial capsule (Fig. 2). Capsulectomy could
at this stage be completed and motion assessed. If full motion had
been restored, closure was performed. If not, the remaining
possible impediments were either the muscles or the anterior MCL.
Inspection and palpation of the muscles during motion permitted
this distinction to be made. If the restriction was due to the MCL,
careful dissection of the remaining portion of the flexor-pronator
muscles overlying the MCL was performed. If the ligament was
intact and simply adherent to the medial trochlea, lysis could be
performed. We tried not to sacrifice the collateral ligaments of any
patient in order to obtain more ROM. Peroperative result was



Fig. 2. Medial surgical exposure. MCL: Medial collateral ligament.

Table 1
Demographic data of the patients.

Number of patients 77
Male:Female 53:24
Average age 35.1 years (range 18e77)
Average follow up 44.2 months (range 12e186)
Average time to surgery (median value) 14 months (8.5e25.5)
Extrinsic:Intrinsic 26:51

Table 2
Etiology of the elbow contracture.

Posttraumatic Causes other than trauma

Intrinsic 43 8
Extrinsic 21 5

Table 3
Complications of the surgery.

Minor complications
Superficial infection 4 (5.2%)
Transient cold intolerance 13 (16.8%)
Transient ulnar nerve paresthesia 10 (13%)

Major complications
Re-operations for recurrent contracture 12 (15.6%)
Heterotrophic ossification 1 (1.3%)

Total complications (number of patients) 30 (39%)

Table 4
Pre-postoperative ROM measurements (median value).

Preoperative (�) Postoperative (�)

Flexion degree 90 (70e105) 125 (110e130)
Extension degree 40 (30e60) 10 (0e20)
Flexion-extension arch degree 45 (20e65) 110 (97.5e125)
Pronation degree 90 (75e90) 90 (80e90)
Supination degree 80 (60e90) 90 (80e90)
MAYO score 60 (50e70) 85 (80e95)
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accepted as it was in order to avoid use of an external fixation
device.6,34

Postsurgical program

Cold application, elevation, and pain management were started
within first 24 h after surgery. Physical therapy for 3 weeks was
initiated after 24 h. Passive exercises were performed in first week
and assisted active therapy was implemented for next 2 weeks.
Physical therapy was extended for additional 3 weeks for patients
who could not achieve 120� flexion. Physical therapy, emphasizing
long flexion-extension cycle time and gentle stretching to achieve
full motion, was utilized for all patients. Static splinting in flexion or
extension was employed as needed.6

Statistical analysis

Statistical analyses of the data obtained from 77 patients were
performed using SPSS software (IBM SPSS Statistics for Windows,
Version 20.0; IBM Corp., Armonk, NY, USA). Nonparametric data of
ROM measurements and modified Mayo scores were compared
between groups using ManneWhitney U test. Pearson correlation
test was used to analyze whether significant correlation existed
between modified Mayo scores and ROM measurements. Receiver
operating characteristic (ROC) curve was used to analyze cut-off
values of flexion and extension degree using MedCalc program,
version 13.0.6.0 (MedCalc Software, Ostend, Belgium). Statistical
significance was defined as p < 0.05.

Results

Of total included, 53 patients were male and 24 were female,
with average age of 35.1 years (range: 18e77 years) at the time of
operation. Among the 77 patients assessed, 26 patients (33.8%) had
extrinsic and 51 patients (66.2%) had intrinsic elbow contracture.
Mean follow-up period was 44.2 months (range: 12e186 months).
In all, 61 of the patients had been operated on at least once before
the study; 43 patients had history of 1 operation, 16 patients had 2,
and 2 patients had 3 previous operations. Details of patient de-
mographics are provided in Tables 1 and 2.

Major and minor postoperative complications were observed in
30 patients (39%). These complications can be seen in Table 3. There
was no correlation between complication prevalence and type of
release (lateral or combined lateral and medial).

There was no correlation between etiology of the contracture
(intrinsic versus extrinsic) and clinical results of modified Mayo
elbow scores and total improvement in postoperative ROM
(p > 0.05).
Median preoperative ROM was 45� (range: 20�e65�). Median
postoperative ROMwas 110� (range: 97.5�e125�). Median values of
these measurements are provided in Table 4.

Modified Mayo elbow score improved from 60 to 85 post-
operatively. According to ROC curve analyses, postoperative flexion
cut-off value was 115� (p < 0.001) and preoperative flexion cut-off
value was 55� (p ¼ 0.0008) for excellent or good postoperative
modified Mayo elbow score. Cut-off value for postoperative
extension arch was 20� and not statistically significant (p ¼ 0.31).

Preoperative flexion degree of the elbow joint had a statistically
significant effect on postoperative ROM (p < 0.001) and post-
operative modified Mayo elbow score (p ¼ 0.014), although pre-
operative extension degree had no such effect (p ¼ 0.919). Also,
preoperative flexion and extension measures positively correlated
with postoperative flexion and extension measures (p < 0.001 and
p ¼ 0.014, respectively), although increase in total ROM by itself
had no effect on postoperative modified Mayo elbow score
(p ¼ 0.052).

Time interval between establishment of contracture and index
operation correlated negatively with postoperative increase in
ROM (p ¼ 0.014).

Other variables that had an effect on postoperative modified
Mayo elbow score were preoperative modified Mayo elbow score
(p < 0.001), postoperative extension (p ¼ 0.006), preoperative total
ROM (p ¼ 0.03), and postoperative total ROM (p < 0.001).

Postoperative ROM and postoperative extension were signifi-
cantly better in lateral release group, compared with lateral and



Fig. 3. (a) Preoperative X-ray of 28-year-old patient with intrinsic contracture. (b)
Postoperative X-ray 6 months after surgery. It is imperative to completely remove
pathological bone formation at olecranon fossa and spurs at the tip of olecranon.
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medial combined release group (p ¼ 0.011 and p ¼ 0.011, respec-
tively). This significance did not affect postoperative flexion degree,
or consequently, the modified Mayo elbow score (p ¼ 0.065 and
p ¼ 0.546, respectively).

Discussion

Contracture of the elbow is a common problem and can be
associated with significant morbidity.35 It may develop as result of
traumatic or atraumatic etiology. The goals in treating stiff elbow
are to establish a pain-free, functional, and stable elbow joint.7

Although non-operative treatment may be considered upon
initial presentation, operative treatment is appropriate for those
patients who have failed to achieve adequate pain relief or func-
tional range of motion after initial conservative management. The
decision to operate is based on elbow function, patient factors, and
surgeon preference.7

Stiff elbow has been defined as one with loss of extension of
greater than 30� and flexion of less than 120�. Morrey defined
functional arc of elbowmotion during activities of daily living to be
100� for both flexion-extension (30�e130�) and pronation-
supination (50� in either direction).7,23,25 Sojbjerg indicated that
elbow flexion is more important than extension in order to perform
daily activities.23 In our series, cut-off degree of flexion of 115� had
significant correlation with subjective patient satisfaction. We
think that, elbow flexion combined with normal shoulder and wrist
motionmight explain the 15� difference in flexion degree from130�

Morrey reported.
Lindenhovius et al found that health status and disability scores

improve after open elbow contracture release, but the improve-
ments do not correlate with improvement in elbow motion and
that pain was a strong predictor of final general health status and
arm-specific disability.26 Gosling et al found a high correlation
between Disabilities of the Arm, Shoulder and Hand score and
physical function part of the 36-Item Short FormHealth Survey, and
they thought that ROM, as a single parameter, did not sufficiently
assess the outcome of arthrolysis of the elbow.32 In contrast to
Lindenhovius and Gosling, we found that the end point of flexion
degree must be at least 115� postoperatively for patient satisfaction
and that increasing postoperative flexion-extension arc (ROM) or
decreasing postoperative extension degree with surgical release
had effect on postoperative Mayo score.

Many elbow score rating systems have been described. There is
significant lack of agreement between different elbow-scoring
systems when they are used to determine categorical rankings
for the same group of patients. Each elbow rating system evaluates
the joint using specific variables, including both objective and
subjective parameters. Although they are used in more than one
scoring system, interpretation and comparison of these parame-
ters is difficult, as different weight is given to the same parameter
in each of the rating systems. Pain is a subjective parameter that
has a strong influence on every elbow score rating system. As a
result, both the physician-rated and the patient-rated degree of
elbow function are heavily influenced by subjectivity. Therefore,
objective improvements in elbow function may be under-
estimated by nearly all elbow score rating systems. Some authors
suggest that subjective factors such as pain should be evaluated
separately from objective degree of elbow function. The Mayo
elbow score rating system has a clear format.36 The associated
costs are low because only a goniometer is necessary. Little
training is necessary, and the system is appropriate for use in the
clinic.36 Neither strength nor deformity is included in the content
of the scale, and motion is assessed only in terms of flexion and
extension.36 Function and motion are weighted less heavily than
pain. The Mayo elbow scoring was the most appropriate elbow
scoring system for our purpose examining patient-perceived
assessment of the results.

Many types of operation for contracture of elbow have been
performed, including debridement arthroplasty, arthroscopic
release, resection arthroplasty, interposition arthroplasty, and total
elbow replacement.37 Various approaches can be utilized to release
the contracted elbow. The anterior approach was described by
Urbaniak et al in 1985, the medial approach was described by
Hotchkiss in 1997, and the lateral approach (column procedure)
was described by Morrey in 1990. Medial approach was favored in
cases with ulnar nerve dysfunction or the presence of extensive
medial heterotopic ossification.35 The choice of surgical approach
should be dictated by pathoanatomy and informed by wound
healing considerations.6 In our study, significantly better results
were seen in lateral release cases. The combined exposure was
usually performed on more complicated cases, and this might have
affected our results.

Column procedure was first suggested for extrinsic contracture
of the elbow. Subsequently, this procedure was used for both
extrinsic and intrinsic types of contracture.6 In this study, MCL and
LCL were protected after resection of anterior and posterior capsule
during operation on intrinsic contracture. After this stage, bone
resection (olecranon, olecranon fossa, coronoid, and osteophyte of
anterior wall of distal humerus) was performed according to pa-
thology of intrinsic causes (Fig. 3a and b). ROM of the elbow was
controlled under fluoroscopy. In patients with flexion limitation,
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MCL was resected with preservation of anterior bundle. LCL did not
cause ROM limitation in any of the patients. We used dynamic
splint in patients with partial MCL resection. External fixation was
not indicated in any patient.

This study may be limited by its retrospective design and the
diversity of the patients. In addition, we did not evaluate the in-
fluence of follow-up time on the range of motion. Another limita-
tion is the fact that pain was the main criterion in the scoring
system.

In conclusion, open surgical release of stiff elbow is prone to
complications, independent of the type of surgical exposure. Delay
in surgical treatment has adverse effects on clinical results. Sub-
jective clinical data on patient satisfaction were not influenced by
the type of stiffness. Outcome indices improved significantly
despite the fact that surgical treatment was not generally able to
restore full ROM. Post-operative flexion cut-off value was 115� and
had a strong effect on postoperative patient satisfaction. The cut-off
degree for postoperative extension was 20�, but it was not a vari-
able with significant effect on patient satisfaction. The majority of
postoperative extension measurements of the study were good;
this is likely the reasonwe did not find a significant cut-off value for
extension. Increase in total ROM was not a variable with significant
effect on patient satisfaction.
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