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A B S T R A C T

Background: Elbow stiffness poses a significant challenge for surgeons as well as physiotherapists during and after 
surgery. To date, there is no consensus regarding the subsequent rehabilitation after surgical release of the stiff 
elbow.
Objective: The aim is to evaluate the most important therapeutic strategies following open or arthroscopic release 
of the stiff elbow based on a comprehensive literature review, and to develop a consensus for or against specific 
therapeutic methods with the help of a survey among elbow experts of the D-A-CH Association for Shoulder and 
Elbow Surgery (DVSE).
Methods: Literature search was performed based on guidelines, the “health technology assessments”, systematic 
reviews and clinical studies that examined rehabilitation after osteocapsular release of the stiff elbow. The da
tabases of the “Guidelines International Network”, various national guidelines, PubMed, the “Cochrane Central 
Register of Controlled Trials”, the “Cochrane Database of Systematic Reviews”, and the “Physiotherapy Evidence 
Database” were scanned, each for the period from January 1989 to December 2019. As part of an online survey, 
all active members of the DVSE were asked about their strategies in immediate aftercare and rehabilitation after 
elbow arthrolysis.
Results: A total of 5 reviews and 55 articles could be identified from 107 articles since 1989, which served as the 
basis for the preparation of an evidence-based aftercare recommendation. By reviewing all the mentioned paper 
and evaluation of the survery of DVSE members, a basic concept could be finalized.

1. Introduction

Restrictions in elbow range of motion can have various causes, which 
were described as intrinsic, extrinsic or mixed.1 Elbow stiffness can 
occur following trauma, surgical procedures or in the context of 
degenerative diseases.2 Typically, the development of elbow stiffness 
involves a combination of both intrinsic and extrinsic causes.3 The 
elbow joint is prone for the development of arthrofibrosis and elbow 

stiffness due to various aspects. The causes include the high congruence 
of the joint, the appearance of the synovium and the stabilizing function 
of the joint capsule and ligaments.

Contractures and inflammatory processes occur quicker and more 
frequent even in minor injuries or short-term immobilization compared 
to other joints.4 The joint capsule tends to shrink, especially in pro
longed immobilization and in the setting of heterotopic ossifications 
resulting in varying degrees of elbow stiffness.5
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Pro-inflammatory cytokines and interleukins are released during the 
formation of soft tissue contractures and inflammatory processes. These 
lead, among other things, to an enhanced transformation of fibroblasts 
into myofibroblasts6 and, on the other hand, to an increased production 
of the growth factor TGF-β.7–9 As a result, arthrofibrotic tissue forms, 
which is characterized by an increased formation of collagen cross-links 
and a decreased proteoglycan, lubricin, and water content.6,9,10 This 
process is amplified by the lack of mechanical stress during 
immobilization.5

Capsular contracture with elbow stiffness can lead to significant 
limitations in today’s daily life. As early as 1996, Søjbjerg et al. indicated 
that a 50 % reduction in elbow range of motion could result in a func
tional loss of the upper extremity of up to 80 %.11 A physiological range 
of motion of the elbow joint is essential for the unrestricted execution of 
many activities of daily living (ADL). The functional ’arc of motion’ of 
100◦ for both extension/flexion and pro-/supination, described by 
Morrey, seems no longer appropriate.1

In our current times, the requirements for the elbow joint have 
changed. With increasing tasks involving the use of keyboards and 
computer mice and the widespread adoption of mobile phones, there is a 
need for a greater range of motion to fulfill all ADL.12–15

Restrictions in range of motion of the elbow joint following dislo
cation, fracture, or a combination of both range from 1.2 % to 12 %.16,17

Elbow stiffness caused by degenerative changes seem to be less common 
with a prevalence of 2 %.18 Furthermore, elbow contracture can occur 
after infections, burns and proliferative diseases such as 
chondromatosis.19–22 Elbow stiffness can be classified according to 
Morrey and Kay.23,24

While Kay’s classification differentiates between five distinct struc
tural changes in elbow stiffness,23 Morrey’s classification, on the other 
hand, is based on etiological and anatomical aspects.24 The decision for 
surgical release of the stiff elbow depends on the degree of restriction in 
range of motion (minimal: up to 90◦, moderate: 61◦–90◦, severe: 
31◦–60◦, and very severe: 30◦), the type of stiffness (flexion contracture 
vs. extension limitation or mixed forms), the presence of implants or the 
existence of heterotopic ossifications, as well as neurological pathol
ogies (ulnar nerve entrapment).18,25–27 When non-surgical measures do 
not lead to sufficient improvement, surgery offers a viable option with a 
high rate of patient satisfaction. Over time, the arthroscopic approach 
for the release of the stiff elbow has become increasingly popular and is 
recognized as a safe and efficient procedure.28–32 Despite considerable 
improvements in the surgical techniques and distinct treatment con
cepts, there is substantial variance in the literature regarding immediate 
and medium-term aftercare. Rehabilitation protocols and postoperative 
therapy recommendations range from self-exercises with stretching33 to 
’continuous passive motion’ (CPM) therapy34,35 up to the use of exten
sion splints and treatment with external fixators.36

The use of peripheral analgesia methods such as a catheter anes
thesia is as controversially discussed as the administration of oral 
medications for the prevention of heterotopic ossification.37,38 Up to 
date, evidence-based recommendations, or even a gold standard, do not 
exist. The variability in postoperative strategies derive largely from a 
lack of conclusive data supporting one approach over another. With 
many rehabilitation protocols grounded in tradition rather than 
empirical evidence, it becomes crucial to evaluate their efficacy criti
cally. The Rehabilitation Commission of the DACH Society for Shoulder 
and Elbow Surgery (DVSE) and the Elbow Commission of the Society for 
Arthroscopy and Joint-Surgery (AGA) attempted to address the issue. 
The objective was to bridge the gap in understanding, ensuring that 
postoperative recommendations are both evidence-based and feasible 
for patients, physiotherapists, and surgeons. The present study aimed to 
evaluate various postoperative treatment options after surgical release 
of the stiff elbow in an evidence-based manner based on a comprehen
sive literature review. Additionally, a survey conducted among elbow 
specialists from the DVSE, was thought to determine the prevailing 
consensus regarding specific rehabilitation approaches. We aim to 

facilitate the establishment of a guideline for aftercare, aligning with the 
principles of "best clinical practice."

2. Methods

2.1. Review of the literature

The systematic literature search followed the standard guideline for 
systematic reviews and meta-analyses (PRISMA).39 Studies that inves
tigated the postoperative management after surgical release of elbow 
contracture with evidence levels between grades I-IV, guidelines and 
case reports in English and German were considered suitable. We 
excluded expert opinions without evidence as well as review articles and 
"letters to the editor”. The authors conducted a review with the help of 
the following medical databases: PubMed, Cochrane Central Register of 
Controlled Trials und Cochrane Database of Systematic Reviews. The 
search was conducted on June 12th, 2019. The search terms used were 
"elbow stiffness," "elbow arthrolysis," "elbow rehabilitation," and "elbow 
release". We included studies published between 1989 and 2019. The 
results were checked for duplicates and matching our inclusion criteria. 
We identified five reviews, none of which gave distinct or 
evidence-based recommendations on how to treat patients after surgery 
for elbow stiffness. As mentioned before, reviews were excluded. An 
overview of our conducted literature review is shown in Fig. 1.

The articles evaluated in the final analysis were sorted and evaluated 
using the "Level of Evidence"40 and the so-called PICO concept.41–43

The assessment was conducted by six investigators and all articles 
were reviewed based on the following criteria: study design, de
mographic data of the study population, average follow-up period after 
surgery, type of surgery (arthroscopic vs. open), surgical setting of the 
intervention (outpatient vs. inpatient), pre- and postoperative range of 
motion, postoperative pain management, postoperative rehabilitation, 
complications, and clinical outcomes. The data was analyzed using 
Microsoft Excel (Version 16.55, Microsoft, Redmond, Washington, 
USA).

2.2. Online survey of experts

The elaboration of the expert opinion was conducted as an online 
survey using an online platform (www.surveymonkey.com) and aimed 
to capture the "best clinical practice." After reviewing the literature, the 
Rehabilitation Comittee of the DACH Society for Shoulder and Elbow 
Surgery (DVSE) developed specific questions regarding the surgical 
elbow arthrolysis and its postoperative management, which are detailed 
in Tables 1–3 along with the given answers.

The online survey was sent to members of the DVSE. Participants 
were provided a link to an online questionnaire consisting of 19 ques
tions. The survey was sent to a total of over 700 members. Experts were 
reminded to participate in the survey thrice, which was conducted from 
October 1, 2019, to November 30, 2019. Physicians who do not perform 
elbow arthrolysis were excluded from the survey. The statistical analysis 
of the responses was carried out automatically using SurveyMonkey and 
Microsoft Excel (Version 16.55, Microsoft, Redmond, Washington, 
USA).

3. Results and discussion

While conducting the systematic literature search, we were unable to 
identify any guidelines or even a gold standard for postoperative care 
following arthrolysis in both the Anglo-American and German literature. 
Out of the 266 articles reviewed, 63 met the inclusion criteria and were 
subjected to evaluation. Among these 63 articles, 5 were systematic 
reviews, and 58 were clinical studies.

In total, the survey recorded 112 participants, with 97 surveys being 
completed in their entirety. 86 % of the respondents indicated having 
more than five years of experience in elbow surgery, and 64 % even 
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reported having over ten years of experience.
In the following, we present and discuss the results of the literature 

review while incorporating the expert opinions from the survey.

3.1. Surgical release of the stiff elbow

The surgical release of the stiff elbow has become an established and 
effective option, as conservative treatment often fails to achieve suffi
cient improvement.23,44,45

In cases of unsuccessful conservative treatment, both arthroscopic 
and open surgery can reduce pain and improve elbow range of motion 
with a high likelihood of success, regardless of the underlying cause of 

stiffness.28,29,31,46,47 There is no consensus in the literature regarding 
the optimal surgical technique for elbow stiffness..18,48–50

3.2. Arthroscopic versus open surgery

The evaluation of the expert survey revealed that 74 % of the re
spondents mostly perform arthroscopic arthrolyses, 11 % primarily 
performed open surgery, while the remaining 14 % employed a com
bination of both arthroscopic and open approaches (Table 1).

As anticipated, studies focusing on arthroscopic arthrolysis have 
mainly emerged within the past decade. 71 % of survey participants 
conducted their surgical procedures in the setting of a hospital, with 90 

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram demonstrating systematic review of literature for surgical 
release of the stiff elbow.

Table 1 
Experience and favorite approach of the participants of the survey.
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% of all procedures being scheduled as inpatient surgeries. The literature 
review revealed an average in-patient stay ranging from 3 to 21 days in 
15 out of 16 studies of patients undergoing open surgery. Similarly, 

arthroscopic surgery usually was performed as in-patient procedure 
while the option of an outpatient care was not mentioned in any studies.

Table 2 
Survey results on peri- and postoperative management after surgical release of stiff elbow.

Table 3 
Postoperative management concerning pain killers, physiotherapy and lymphatic drainage.
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3.3. Postoperative drainage

Most DVSE experts did not use drains after surgery (56 %). 37 % 
indicated that the decision to place a drain or not was made during 
surgery, while only 7 % routinely used drains after an open approach. 
This is backed up by the literature: Without stating any reasons, Olivier 
et al. as well as Lim et al. used drains in all cases after open arthrolysis 
for fracture sequelae (n = 91) and arthroscopic procedures (n = 43), 
respectively.51,52 On the other hand, Mansat et al. describe that the need 
for postoperative drainage depends on the complexity of the procedure 
and the severity of elbow stiffness. Accordingly, in complex cases with 
open surgical release, drainage should always be used to prevent post
operative hematomas, which can affect outcomes and complications.53

However, in most studies, postoperative drains are not mentioned, 
making it difficult to draw clear evidence-based conclusions.

3.4. Postoperative pain management

Regional analgesia (RA) is considered the preferred method of pain 
management in both open and arthroscopic surgery and is favored over 
systematic pharmacotherapy.54 This aligns with the statements of the 
experts in our survey, with 80 % resorting to RA using a catheter for 
postoperative pain management. In the literature, the use of a catheter 
in arthroscopic release of the stiff elbow was only mentioned in five out 
of 16 studies.31,47,52,55,56 In open surgery, the use of RA was mentioned 
in 12 studies, and it was regularly employed in ten of them.33,51,53,55–64

Only the studies by Lahoda et al. (12 days) and Pettersen et al. (9 
days) stated the duration the pain catheter was used.60,61

The duration the catheter remained after surgery was not queried in 
the survey. Literature does not provide details concerning oral phar
macotherapy after surgery for elbow stiffness. In most studies, there is 
no statement regarding postoperative pain management. In the expert 
survey, 86.6 % of respondents indicated that they administer non- 
steroidal anti-inflammatory drugs (NSAIDs) and, if needed, additional 
opioid analgesics after surgery. Among them, 45 % selected a duration of 
1–2 weeks, while another 45 % opted for 3–6 weeks. Heterotopic ossi
fication after surgical release of the elbow is rare but feared complica
tion. Therefore, a prophylaxis for heterotopic ossification can be 
initiated immediately after surgery. The literature has no consensus 
concerning pharmacotherapy for the prophylaxis of heterotopic ossifi
cation. In 16 studies, oral medication with indomethacin (varying 
duration from a single dose preoperatively to continued intake for 6 
weeks after surgery) was routinely performed.46,56,58,60,62,63,65–75 The 
most frequently described duration was three weeks. Rai et al., on the 
other hand, used Naproxen for a total of two months instead.30 Sun et al. 
And three other groups prescreibed Celecoxib 200 mg twice a day for 
seeks weeks.76–79

The remaining studies provide no statement regarding prophylaxis 
for heterotopic ossificiation. In the survey, only 15 % of respondents 
used Indomethacin. Currently, there is no recommendation for oral 
medication for optimal prophylaxis of heterotopic ossification following 
fractures or surgeries.80–82 Some studies even doubt the additional 
benefit of NSAIDs for reducing the risk of heterotopic ossification after 
elbow arthrolysis.83

3.5. Physical therapy after surgery

There is also a lack of consensus in terms of physical therapy, the use 
of various braces and continuous passive motion (CPM) devices. CPM 
therapy is mentioned in eleven out of 16 studies after arthroscopic 
surgery. However, only some studies provide details regarding fre
quency and duration. While Cefo et al.84 and Achtnich et al.55 limited 
CPM therapy to 24 h postoperatively or the inpatient stay, Rai et al.30

and Willinger et al.31 conducted the use of CPM devices for 3 × 30 min 
per day without stating a time frame and 8 × 20 min daily for 3 weeks, 
respectively.

In the 28 studies on open arthrolysis involving 1245 patients, the use 
of CPM devices is described in 23 articles.30,33,46,53,56,57,59,60,72–75,85–95

While two papers completely abstained from continuous passive motion 
therapy,69,94 the remaining studies did not mention it. Details regarding 
duration and frequency were often not provided. When mentioned, the 
time frame of CPM therapy varied from one day51 to as long as 42 days61

and was used in one study for up to 12 h per day.57 According to our 
survey, 52.6 % of the participants provide a CPM machine during the 
patient’s stay in the hospital. However, only 16 % of the experts 
continued using motion therapy after discharge. Concerning frequency, 
36 % utilized it for 2–3 h, 18 % for 3–4 h, and 4 % for more than 4 h per 
day. 13 % of doctors deploying CPM therapy recommended it for 1–2 
weeks, 29 % for 3–4 weeks, and 25 % for 5–6 weeks after surgery(see 
Table 2)

Physiotherapy is considered a standard following arthroscopic 
arthrolysis. Experts of the DVSE recommended it with a frequency of 2 
times per week in 30 %, 3 times per week in 42 %, and more than 3 times 
per week in 25 %.

In the literature, nearly all studies consistently address postoperativ 
physical therapy. However, most papers typically provide limited details 
about the type and extent of physiotherapy. In two studies from Ger
many postoperative physiotherapy was performed for 6 weeks.31,55

Lubiatowski et al. and Ayadi et al. extended the duration to 6 and 9 
months, respectively.56,96 In two studies, physical therapy was explicitly 
not initiated.46,59 The need for and the effect of lymphatic drainage 
remains unclear, since it is infrequently mentioned in the literature and 
its prescription varies. Only 39 % of survey participants routinely 
initiated it after surgery, while 53 % indicated that they consider 
lymphatic drainage based on postoperative elbow and forearm swelling. 
In doctors prescribing lymphatic drainage, 33 % recommended it for 1–2 
weeks, 41 % for 3–4 weeks, and 13 % for more than 5 weeks (Table 3).

3.6. Use of postoperative casts and splints

The use of temporary extension or flexion splints is discussed in 
numerous studies (12 times after open and nine times after arthroscopic 
release of the stiff elbow).30,31,51–53,57,63,68–70,72,74,75,86–88,92–94,97–107

For example, Tan et al. applied an extension splint for 24 h after open 
arthrolysis.75 In an earlier study by Hertel and colleagues, a splint was 
recommended for 8 weeks postoperatively. During the day, an hourly 
switch between extension and flexion splinting was performed, and 
extension positioning was maintained during the night.90 Nowadays, 
maintaining such compliance seems challenging. There is no clear 
recommendation for postoperative casting or treatment with orthesis; 
instead, preference and experience of the surgeon play a crucial role. In 
the expert survey, 55 % stated that they do not perform any splinting at 
all after surgery. However, 17 % confirmed the regular use of dynami
cally progressive splints over a period of 2–42 days, sometimes only at 
night.

4. Conclusion

In summary, there is no gold standard for postoperative management 
following surgical release of the stiff elbow. Our survey offered variable 
approaches regarding pain management and postoperative care. No 
significant difference in postoperative management between open and 
arthroscopic surgery was identified. Elbow releases are predominantly 
performed in an inpatient setting. In most cases, postoperative pain 
management involves the use of regional catheters and additional 
NSAIDs. Based on the survey or literature review, a recommendation for 
oral medication to prevent heterotopic ossification cannot be made. 
Physiotherapy is prescribed in almost all cases to maintain the regained 
range of motion, with the duration of therapy varying and likely 
requiring an individual approach for each patient. The use of splints 
does not impact postoperative outcomes significantly and is applied 
rarely, most of the times based on the surgeon’s preference. The use of 
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CPM machines is mentioned in most studies, although the duration and 
intensity vary significantly.
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