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bridement is a surgical treatment for functionally
Background and Hypothesis: Osteocapsular de
limiting primary elbow osteoarthritis (PEOA). We hypothesized that postoperative improvement in range
bridement could be grouped into predictable patterns.
of motion (ROM) following elbow osteocapsular de
We also hypothesized that signiﬁcant improvements in ROM frequently take place for up to 6 months
after surgery.
bridement for PEOA
Methods: A retrospective chart review of patients who underwent open elbow de
was performed. Demographic information and surgical approach were recorded. ROM data were also
collected at preoperative, intraoperative, and postoperative intervals of 2 weeks, 6 weeks, 3 months, and
6 months. Growth mixture modeling and latent class growth analysis were performed to identify groups
of motion recovery trajectories, while Student’s t-tests were performed to compare ROM data between
intervals.
bridement (9 with a lateral
Results: Our study included 76 patients who underwent open elbow de
approach, 55 medial, and 12 both) for PEOA. The mean preoperative arc of motion was 95 ± 22 . This
improved to a mean ﬁnal motion arc of 127 ± 11 at ﬁnal follow-up, which was 92% of the mean
intraoperative arc. The mean time to achieve ﬁnal motion was 3 months, with 79% of patients achieving
their ﬁnal ROM arc by this point. Patients achieved an average of 85% of their ﬁnal arc of motion by the 2week postoperative visit (92% of ﬁnal ﬂexion and 61% of ﬁnal extension). Growth mixture modeling and
latent class growth analysis did not identify any statistically signiﬁcant groupings for postoperative ROM
progression trajectories. Arc of motion preoperatively, intraoperatively, and at 2 weeks postoperatively
did not correlate with the ﬁnal arc of motion. There were no characteristics or thresholds of motion
which conferred a higher likelihood of achieving a better result postoperatively.
bridement for PEOA is not dependent on preoperaConclusions: ROM recovery after osteocapsular de
tive, intraoperative, or 2-week postoperative arcs of motion. Most of the ROM recovery occurs in the
early postoperative period, with ﬂexion restored preferentially faster than extension. The ﬁnal arc of
motion can be expected by 3 months postoperatively. This knowledge has potential beneﬁt in affecting
patients’ personal time commitment to rehabilitation and the overall cost for therapy and splinting
beyond the 3-month time point.
© 2022 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).

Primary elbow osteoarthritis (PEOA) in the absence of trauma
can be a debilitating condition consisting of pain and loss of range
of motion (ROM) secondary to capsular contracture and osteophyte
formation.4,7 PEOA primarily affects middle-aged men who
perform strenuous activity either through manual labor work or
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heavy recreational activity. The overall lifetime prevalence has been
estimated at 2%-3%.15 The primary surgical treatment for functionally limiting elbow arthritis is an open or arthroscopic capsular
release with the removal of impinging osteophytesdthough other
procedures have been described in the literature.1,2,13,19
The goals of surgery in these cases include pain relief and ROM
improvement.20 Though open elbow release has been shown to
improve pain and elbow ROM, heterogeneity in outcome exists.13,17
To further improve the outcomes of elbow release and counsel
patients appropriately as they plan and undergo their rehabilitation, understanding the patterns and differences in motion
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ﬂexion. Next, the ulnar nerve was returned to its posterior position,
and an anterior working window was then established. Dissection
was developed between the brachialis and the distal humerus, with
an extension distally through the posterior third of the ﬂexor
pronator mass. This muscle was then elevated off of the anterior
capsule with the brachialis. The capsule was then widely excised.
Any loose bodies and impinging osteophytes were excised analobridement. Manipulation was performed,
gous to the posterior de
and direct visualization was used to conﬁrm no remaining
impingement anteriorly or posteriorly. The muscle origins were
then repaired, and a subcutaneous ulnar nerve transposition was
completed.
The lateral approach was typically performed if extensive
bridement of the radiocapitellar joint was anticipated, especially
de
in the setting of abundant posterior radiocapitellar osteophytes. A
combined medial/lateral approach was considered for extensive
ulnohumeral and radiocapitellar disease. The lateral incision was
made proximally over the supracondylar ridge of the humerus,
extending over the lateral epicondyle, and in line with the
anconeus-extensor carpi ulnaris tendon interval. The anconeus and
triceps were then reﬂected posteriorly off the ulnar and supracondylar ridge of the humerus, with particular care to stay postebridement was
rior and proximal to the LCL. The posterior de
carried out in a manner analogous to the medial approach. The
anterior working window was then made between the brachialis
and humerus, extending into the ECRL/ECRB interval. After
elevating the muscle sleeve off of the anterior capsule with the
bridement
brachialis, the anterior joint capsule was excised, and de
was carried out in a manner analogous to the medial approach.
Hemovac drains were placed overnight per surgeon preference in
some cases with larger bony resections. After wound closure, a soft
dressing was applied with a full-thickness hole cut out anteriorly to
allow full ﬂexion without impingement from the dressings.

outcomes following this procedure is paramount. A better understanding of progression can also help guide the duration for which
supervised physiotherapy is prescribed. Growth mixture modeling
(GMM) is a statistical tool that has been used in previous studies to
establish patterns in postoperative recovery after other orthopedic
procedures, such as total hip arthroplasty and hip arthroscopy.9
This effect has not been investigated after open elbow release for
PEOA.
The goal of this study was to identify recovery trajectories after
bridement for PEOA and identify risk
open elbow osteocapsular de
factors associated with better or worse postoperative ROM. We
hypothesized that there are distinct recovery trajectories after this
procedure and that patients with relatively worse preoperative
motion would recover more slowly due to the need for more
bridement and increased time to recover larger deﬁaggressive de
cits in motion. We hypothesized that motion would also recover
more slowly or potentially incompletely in patients with a more
limited ROM at their 2-week visit, possibly secondary to a tendency
toward swelling, ﬁbrosis, or subjective pain/guarding that could
negatively affect long-term motion recovery.
Materials & methods
Patient selection
Following institutional review board approval, we identiﬁed
442 patients who underwent radical resection and contracture
release of the elbow at our institution from January 2010 to
December 2019. All procedures were performed by two of our
fellowship-trained hand and upper extremity surgeons at a tertiary
referral center.
bridement for PEOA, as
Patients who received osteocapsular de
conﬁrmed on radiographs, were included in this study. Patients
bridement in the affected elbow,
who had prior osteocapsular de
prior elbow surgery (eg, elbow arthroscopy), an etiology other than
PEOA (eg, trauma), or those aged <18 years old were excluded.
Patient charts and preoperative radiographs were assessed to
conﬁrm that patients had PEOA and no signiﬁcant post-traumatic
arthritis as their indication for their elbow osteocapsular
bridement procedure. The electronic health record was examde
ined to collect data on demographics and history of symptoms and
treatment. Flexion and extension data were collected at the
following intervals: preoperative, intraoperative, and postoperative
at approximately 2 weeks, 6 weeks, 3 months, and 6 months. All
measurements were made with a standard goniometer by the
attending surgeon, with the exception being intraoperative measurements, which were purely surgeon estimates.

Rehabilitation protocol
All patients received the same rehabilitation protocol. Immediately postoperatively, the patient was maintained in continuous
passive motion as an inpatient and then as an outpatient twice per
day for 30-45 minutes for 4 weeks, set from 0 to 140 in all patients. Static progressive splints for ﬂexion in the evening and
extension in the morning for 30 minutes each were continued for
3-6 months postoperatively as needed. Additionally, patients
were seen by a therapist within 24 hours for removal and
debulking of the surgical dressing and to begin supervised occupational therapy and home exercises with a focus on concentrated
weighted forearm stretches, and aggressive active and passive
exercises encouraged. Strengthening was begun at 6-8 weeks
postoperatively.

Surgical technique
All patients included in this study underwent open
bridement. Two approaches were utilized, medial and lateral. No
de
arthroscopic techniques were included.
The medial approach was typically performed if there was
concomitant ulnar neuropathy requiring neuroplasty and transposition or if there was primary disease in the ulnohumeral joint
and little in the radiocapitellar joint. Through a curvilinear incision
centered behind the medial epicondyle, the ulnar nerve was
bridement was
decompressed and transposed. Posterior joint de
performed by elevating the triceps and posterior capsule. The
posterior capsule and fat pad were sharply resected, any loose
bodies excised, and then impinging osteophytes on the olecranon
brided with a highspeed
tip or within the olecranon fossa were de
burr. The posteromedial capsule (posterior band of the ulnar
collateral ligament) was typically released to maximize joint

Statistical analysis
Using the software MPlus (version 8.5; Muthen & Muthen, Los
Angeles, CA, USA), GMM and then latent class growth analysis
(LCGA) with 1-7 classes were performed (for further reading, see
Ram et al14). By using this range of classes, up to 7 distinct groups in
our data could be identiﬁed if statistically signiﬁcant. Variations on
model parameters were employed. First, the preoperative ﬂexion
was ﬁxed to 0, and the last measurement (6 months follow-up) was
ﬁxed to 1. Additional combinations of analyses wherein the ﬁrst
and last measurements were not ﬁxed followed. Models were
assessed by the size of the output groups and statistical signiﬁcance
via the Vuong-Lo-Mendell-Rubin test.
Subsequently, the authors manually consulted the database to
perform statistical and subjective testing to identify any
1049
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Table I
Mean range of motion data at each follow-up interval.
Motion parameter

Preop

1-2 weeks

6 weeks

3 mo

6 mo (ﬁnal)

Flexion
Extension
Arc

121 ± 15
25 ± 12
95 ± 22

124 ± 11
16 ± 10
108 ± 16

131 ± 8
12 ± 9
119 ± 15

134 ± 7
9 ± 8
125 ± 13

135 ± 6
9 ± 8
127 ± 11

Table II
Percent of ﬁnal ﬂexion, extension, and arc at each follow-up interval.
Motion parameter

1-2 weeks

6 weeks

3 mo

6 mo (ﬁnal)

Percent of ﬁnal ﬂexion
Percent of ﬁnal extension
Percent of ﬁnal arc

92% ± 7
61% ± 97
85% ± 10

97% ± 5
86% ± 129
94% ± 8

100% ± 2
100% ± 43
99% ± 5

-

With the 6-month data being considered the ﬁnal ROM, calculation of the percentage of ﬁnal ﬂexion, extension, and arc was also
performed at each interval (Table II). At the 2 weeks follow-up, the
percentage of ﬁnal ﬂexion averaged 92% ± 7. At 6 weeks, the percentage of ﬁnal ﬂexion averaged 97% ± 5. At 3 months, the percentage of ﬁnal ﬂexion averaged 100% ± 2. For extension, at 1-2
weeks the percentage of ﬁnal was 61% ± 97. At 6 weeks, the percentage of ﬁnal extension was 86% ± 129. At 3 months, the percentage of ﬁnal extension was 100% ± 43. For arc, at 1-2 weeks the
percentage of ﬁnal was 85% ± 10. At 6 weeks, the percentage of ﬁnal
arc was 94% ± 8. At 3 months, the percentage of ﬁnal arc was
99% ± 5. Additionally, patients achieved 92% of their intraoperative
arc by the 6-month follow-up visit.
Table III shows the percentage of each patient achieving their
ﬁnal arc of motion at each postoperative time point. The mean time
to the ﬁnal arc was 3 months. By this time point, nearly 80% of
patients had reached their ﬁnal arc. Some patients achieved the
ﬁnal arc even sooner. At 2 weeks, 7 patients (9%) achieved their
ﬁnal arc. At 6 weeks, an additional 18 patients (24%) achieved their
ﬁnal arc. At 3 months, an additional 35 patients (46%) achieved
their ﬁnal arc. The remaining 16 patients were still approaching
100% before the last visit.
1-class to 7-class modeling in the form of a LCGA and a GMM
was performed to identify distinct progression trajectories within
our cohort. The ﬁrst measurement (preoperative ﬂexion) was ﬁxed
to 0, and the last measurement (6 months follow-up) was ﬁxed to 1.
Then, additional combinations of analyses wherein the ﬁrst and last
measurements were not ﬁxed were performed, as well as analyses
with variations on the model parameters and constraints. While
some analyses identiﬁed viable groups, they were either too small
to be clinically useful or statistically insigniﬁcant on a Vuong-LoMendell-Rubin test. Figure 1 visualizes the ﬂexion, extension, and
arc progressions for each patient in our cohort.
Consequently, to generate a single model to best describe our
data in lieu of identifying different patterns using GMM or LCGA, a
traditional time series analysis was performed in the form of
nonlinear regression, ﬁtted by the least squares method. The
regression model is depicted in Figure 2, and the values of our
functions for ﬂexion, extension, and arc are presented in the
Supplementary Appendix S1.
Subsequently, the data set was reviewed manually to identify
trends or groups both subjectively and with the use of two-tailed ttests for quantitative interval variables (eg, ROM). The preoperative
arc of motion was signiﬁcantly different from the postoperative arc
(P < .05). However, matching preoperative arcs to postoperative
arcs to identify progression patterns was not possible, as the trajectory differed between patients.

Table III
Time to ﬁnal arc, by interval.
Follow-up interval

When patients achieved 100%
of their ﬁnal arc

Running total

1-2 weeks (%)
6 weeks (%)
3 mo (%)
6 mo (ﬁnal) (%)

7
18
35
16

7
25
60
76

(9.2)
(23.7)
(46.1)
(21.1)

(9.2)
(32.9)
(79.0)
(100)

progression patterns and test various groups to identify ﬂexion
progression patterns.
Quantitative interval variables were analyzed by comparison of
means and unpaired t-test for P values. Firstly, the preoperative arc
of motion was compared with the ﬁnal arc of motion at 6 months,
followed by the intraoperative arc with the ﬁnal arc. Secondly, at
the ﬁrst follow-up of approximately 2 weeks, the percentage of
ﬁnal arc was calculated, and patients were grouped accordingly to
track progressiondand then grouped as either 80% of ﬁnal arc at
ﬁrst follow-up or <80%. Thirdly, two groups were created by
endpoint ﬂexion, either <135 or 135 dand t-tests comparing
the endpoint ﬂexion to intraoperative and ﬁrst follow-up ﬂexions
were performed. Additional subgroup analyses by age, sex, and
surgical approach (medial vs. lateral) were also performed with
Student’s t-test comparisons of all of the ROM outcomes.
Results
After applying inclusion and exclusion criteria, 76 patients were
included in this study (68 males and 8 females). The average age
was 47 ± 12 years. An isolated medial approach was used for 55
patients, a lateral approach for 9 patients, and combined medial/
lateral approaches for 12 patients. Preoperative elbow ﬂexion
averaged 121 ± 15, and extension averaged 25 ± 12 (arc of motion
95 ± 22). For the unaffected arm, ﬂexion averaged 136 ± 8, and
extension averaged 7 ± 10 (arc 128 ± 16). After release, intraoperative ﬂexion averaged 140 ± 6, and extension averaged 2 ± 7
(arc 138 ± 11).
The ROM data are summarized in Table I. At the ﬁrst followup interval of approximately 2 weeks, average elbow ﬂexion was
124 ± 11, extension 16 ± 10, and arc 108 ± 16. At 6 weeks,
the ﬂexion averaged 131 ± 8, extension 12 ± 9, and arc
119 ± 15. At 3 months, the ﬂexion averaged 134 ± 7, extension
9 ± 8, and arc 125 ± 13. At 6 months, the ﬂexion averaged
135 ± 6, extension 9 ± 8, and arc 127 ± 11. There was a
statistically signiﬁcant difference between preoperative and ﬁnal
arcs of motion (P < .05).
1050
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Figure 1 Spaghetti plot of ﬂexion, extension, and arc progressions.

intraoperative and ﬁrst follow-up ﬂexions. An overview of these
pertinent negatives is in Table IV.
After grouping by age (<40, 40-50, 51-59, and >60), analysis of
variance for ﬁnal ﬂexion, extension, and arc were all insigniﬁcant.
Subgroup analysis by sex and surgical approach (medial vs. lateral)
was also not statistically signiﬁcant (P > .05) on Student’s t-tests for
ﬁnal ﬂexion, extension, and arc.

Discussion
bridement, osteoplasty, and capsular release are comOpen de
mon treatments for elbow stiffness and have been shown to provide durable beneﬁt to patients with PEOA.7,13 The main ﬁndings of
our study were 1) the mean time to achieve the ﬁnal arc of motion
after elbow release was 3 months postoperatively, with 79% of
patients achieving their ﬁnal ROM arc by that time; 2) our cohort in
total achieved 85% of their ﬁnal arc at 2 weeks postoperatively, and
99% of their ﬁnal arc at 3 months; 3) preoperative, intraoperative,
and 2-week postoperative arc of motion do not correlate with the
ﬁnal arc of motion; and 4) there were no characteristics or
thresholds of motion which conferred a higher likelihood of
achieving a better result postoperatively.
Our cohort demonstrated a ﬁnal mean improvement in the
ﬂexion-extension arc of 32 ± 11, which is similar to the mean 28.6
improvement demonstrated in a review of 323 elbows undergoing
bridement for PEOA.13 Similarly, another review of 300
open de
elbows in 292 patients undergoing open elbow release for PEOA
showed a mean arc improvement of 29.4 ± 9.7 at a mean follow-up
of 55 ± 20 months.7 Our cohort achieved similar increases in arc of
motion at just 3 months postoperatively, which represented 99% of
the ﬁnal arc of motion. This difference may be due to the increased
granularity of our results, as the de Klerk et al study reported ROM
at ﬁnal follow-up and excluded studies with follow-up of fewer
than 12 months.
Our cohort largely achieved their ﬁnal arc of motion by 3
months postoperatively, with most of the improvement seen in the
early postoperative period. A long-term outcomes study by Wada
bridement arthroplasty for
et al reported that ten years after de
PEOA, the ﬂexion arc remained consistent and extension decreased
by 7.18 Their work implies that the bulk of motion improvements
from this surgery occur in the immediate and near-term postoperative follow-up periods, which we sought to characterize in
bridement
this study. While operative technique and extent of de
undoubtedly play a role in the outcome of the procedure, rehabilitation after elbow release also inﬂuences outcome. The beneﬁts of
splinting have been demonstrated in the literature for posttraumatic elbow stiffness.2,10,16 In a randomized controlled trial,
Lindenhovius et al demonstrated substantial improvement in ROM
with both static and dynamic splinting upward of one year after
initiation in patients with post-traumatic elbow stiffness,

Figure 2 Gompertz growth modeling of ﬂexion, extension, and arc.

Table IV
Overview of pertinent negatives.
Findings
Preoperative arc is not a predictor for the ﬁnal arc.
Intraoperative arc is not a predictor for the ﬁnal arc.
There is no distinction between rapid or slow progressors through the duration
of follow-up.
Patients at 80% vs. <80% of endpoint arc by the ﬁrst 2 weeks postoperatively
did not have statistically signiﬁcant differences in ﬁnal arc.
Patients <135 or 135 degrees of ﬁnal ﬂexion did not have statistically
signiﬁcant differences in intraoperative and ﬁrst follow-up ﬂexions.

Neither preoperative nor intraoperative arc of motion predicted
the ﬁnal arc at 6 months. After calculating the percentage of the
ﬁnal arc for each interval, no trend was apparent that could be used
to identify groups of rapid or slow progressors. Subgrouping at the
ﬁrst follow-up by 80% of ﬁnal arc did not result in signiﬁcant t-tests
between groups or any obvious differences in endpoint arc.
Another subgroup analysis by endpoint ﬂexion, either <135 or
135 , did not have signiﬁcant t-tests when looking at the
1051
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indicating that the capsule is able to be stretched over time.9
However, our results of PEOA patients show that the average time
to maximal improvement occurs after 3 months, with minimal
improvement occurring thereafter. Our results suggest that in the
setting of PEOA there may be potentially more pliable soft tissue
than in a post-traumatic elbow, indicating that a shorter duration of
treatment with either splinting or supervised physiotherapy may
be sufﬁcient to achieve maximal recovery. This knowledge has
potential beneﬁt in affecting patients’ personal time commitment
to rehabilitation and the overall cost for therapy and splinting
beyond the 3-month time point, although conﬁrmation with future
studies is recommended.
Our ﬁndings that patients’ ROM improves in a shorter timeline
compared to results reported in the literature have implications
both for healthcare utilization and for providing optimal care to
patients with this pathology. The timeline of recovery after elbow
release in patients with PEOA has not been fully explored in the
literature to date. Understanding the expected postoperative recovery timeline can help providers counsel patients preoperatively
and ensure that they are on track after the procedure. Furthermore,
knowing when patients are likely to achieve maximum ROM can
avoid unnecessary interventions beyond certain time points once
certain ROM goals are achieved, thereby reducing the overall cost to
the patient and the healthcare system and increasing its value.
Optimizing clinical pathways for patients in this way is costeffective as healthcare delivery in the United States shifts from
service-based to value-based care.
Our GMM analysis did not identify any preoperative or intraoperative value or threshold of ﬂexion or extension that predicts
postoperative ROM. Likewise, a manual data review did not identify
any patterns in recovery trajectory to target interventions or risk
factors for slow or fast progression, even when divided into subgroups based on the ﬁnal arc of motion according to intraoperative
ROM or ROM at the ﬁrst postoperative visit. Similarly, age, sex, and
surgical approach were not found to be signiﬁcant predictors of
bridement and
ﬁnal ROM. Predictors of outcome after elbow de
capsular release for PEOA have not been widely reported to date,
and our results add to this literature. In a cohort of patients undergoing open elbow release for post-traumatic OA, Lindenhovius
et al found that pain was the strongest predictor of ﬁnal health
status and arm-speciﬁc disability.10 This study did not investigate
the effect of preoperative ROM on postoperative values but found
no correlation between ﬁnal ﬂexion or extension and postoperative
DASH scores. Gundes et al examined 77 patients undergoing open
elbow release and found that a postoperative ﬂexion cutoff value of
115 was predictive of increased patient satisfaction.5 The majority
of our cohort reached this threshold prior to their ﬁrst postoperative visit.
Similar statistical methods have been used to identify rapid and
slow progressors after other orthopedic procedures. Nguyen et al
showed that “fast starters” (those with lower visual analog scale
pain scores at 1-week postoperatively) had sustained improvements in outcomes after hip arthroscopy for femoroacetabular
impingement syndrome.12 Using GMM, Hesseling et al investigated
recovery trajectories after total hip arthroplasty and similarly found
3 distinct groups based on comorbidities and surgical approach.6
Our results show that these trajectories may not cross over to the
bridement.
elbow when considering ROM after open de
The limitations of this study include: First, comorbidities and indepth patient information were not available for our cohort, so
there may be other predictors of postoperative ROM that were
unable to be detected. Second, radiographs and advanced imaging
could not be accessed reliably for OA classiﬁcation and staging in
our cohort.8 However, it is our opinion that most patients were
later-stage, since they presented with functional limitations and

pain. Recently, an epidemiologic study identiﬁed that 0.9% of people with PEOA are symptomatic with motion pain or elbow
tenderness.11 Third, it has been suggested that ROM alone may be
insufﬁcient to sufﬁciently assess outcome after elbow release.3
Since our study did not include postoperative patient-reported
outcomes scores or strength measurements, our results may
represent just one aspect of a patient’s overall outcome. Finally,
although we had sufﬁcient postoperative observations to employ a
latent basis model, it is possible that the true underlying trajectories could have been more accurately assessed with more observations or a larger cohort size, which would have given the
model a better chance of demonstrating clearer group differences.
Conclusions
bridement for PEOA reach their
Patients undergoing elbow de
maximum arc of motion at an average of 3 months postoperatively.
GMM of motion values revealed no factors or preoperative ROM
thresholds that predicted recovery trajectory. Our results have
implications in counseling patients and reducing the overall economic burden and healthcare utilization associated with this
procedure.
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