Articles

Effectiveness and safety of a less-invasive MCL
reconstruction technique for contracted or ossified
ligaments in patients with elbow stiffness: An open-
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Summary

Background The elbow joint is sensitive to trauma from accidents, sports injuries, and surgical trauma. Some eClinicalMedicine
patients develop ossification or contracture of the medial collateral ligament (MCL) after elbow trauma. A less inva-  2022;52: 101616

sive reconstruction of the MCL can be performed after resection of diseased MCL. The biomechanical characteristics ~ Published online xxx

of this technique have been demonstrated and validated. However, its clinical effectiveness and safety require further https://doi.org/10.1016/j.
confirmation in clinical practice. eclinm.2022.101616

Methods This open-label, non-randomised, prospective, multicentre trial included consecutive patients with elbow
stiffness from five orthopaedic centres in China. Patients willing to participate in the study, with elbow stiffness
caused by traumatic injury, who had reached skeletal maturity, and who had a range of motion of <100° were eligi-
ble for inclusion. Patients with immunological or metabolic causes of elbow stiffness, burns, or central nervous sys-
tem injuries were excluded. In addition, patients who did not require MCL release and reconstruction after
intraoperative release of other structures were also excluded. All patients underwent resection of the diseased MCL
part in an open arthrolysis. Medial stability of the elbow was reconstructed using a less invasive MCL reconstruction
technique that uses fascia and tendon patches. In this study, the primary outcomes, including stability, Mayo Elbow
Performance Score (MEPS), Amadio score, were used to comprehensively evaluate this technique. Outcomes were
assessed at 6 weeks, 6 months, and 1 year postoperatively and annually thereafter. This study reports the results of
one arm of the trial that has been registered with the Chinese Clinical Trial Registry (chictr.org.cn), ChiCTR-INC-
16010019.

Findings Between January 1, 2017 and March 1, 2020, 104 eligible patients were enrolled. The mean follow-up time
was 43-47 (95% CI, 41-45 - 45-49) months. Among all 104 patients, 100 (96%) patients who underwent MCL recon-
struction retained medial stability at the last follow-up. All outcomes from the last follow-up were used for compari-
son with the preoperative outcomes. No differences in preoperative and postoperative stability scores were observed
(P = 0-7820). Extension, flexion, pronation, and supination of the injured elbow improved significantly (P < o-
0001, P < 0-0001, P < 0-0001, P < 0-0001). The mean range of motion (ROM) and forearm rotational range of
motion (FRR) increased by 71-25° (152%) (P < o0-ooo1) and 30-83° (25%) (P < o-ooo01), respectively. Additionally,
the Mayo Elbow Performance Score (MEPS) and muscle strength had increased after evaluation at follow-ups (P <
0-0001, P < 0-0001). Drastic pain relief and nerve symptom reduction were observed, as evaluated using VAS
scores and Amadio scores, respectively (P < o0-0001, P < 0-0001). Seventeen (16%) patients experienced a
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recurrence of elbow stiffness of varying severity, but only two patients had poor or fair results. Several common and
non-severe complications, including infection in one (1%) patient, new nerve symptoms in seven (7%) patients, new
pain in one (1%) patient, fracture in one (1%) patient, and valgus instability in four (4%) patients, were observed and
properly treated in this study.

Interpretation The less invasive MCL reconstruction technique using fascia and tendon patches is an effective
method for restoring medial stability in patients with elbow stiffness after complete arthrolysis with certain safety.
The technique shows prospects for elbow MCL reconstruction in clinical practice.
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Implications of all the available evidence

Research in context The MCL reconstruction using suture anchors and soft

tissue around the elbow helps to reduce damage to the
elbow bone and avoids complications in other graft
donor areas, reducing the recurrence of elbow stiffness
caused by excessive surgical trauma. In addition, the
new technique has the potential to guide ligament
reconstruction in the general patient population.

Evidence before this study

It is generally accepted that the elbow joint is sensitive
to trauma. Currently, most medial collateral ligament
(MCL) reconstruction techniques focus on reconstruct-
ing injured ligaments in athletes, while ligament recon-
struction techniques for elbow stiffness patients who
are more sensitive to trauma are rarely reported. We
searched PubMed and Wanfang databases for studies
on ligament reconstruction in patients with elbow stiff-
ness. Apart from reports of suture anchors repairs and
case reports of fascial reconstruction presented by our
team for patients with elbow stiffness, there is only one
case report of ligament reconstruction for patients with
elbow stiffness. We focus on the treatment of elbow
stiffness and propose a new less-invasive reconstruction

Introduction

The elbow can develop various complications, such as
pain, soft tissue contracture or ossification, nerve symp-
toms, and periarticular heterotopic ossification (HO),
after trauma.'> Moreover, HO mostly occurs on the

technique for MCL that has been biomechanically vali-
dated. The clinical value and effectiveness of the new
MCL reconstruction technique are not yet known.

Added value of this study

This study aimed to evaluate the clinical effectiveness
and safety of the less-invasive technique. The results of
this open-label, non-randomised, prospective, multi-
centre trial suggest that the new MCL technique using
fascia and tendon patches can effectively rebuild medial
stability in patients with elbow stiffness after complete
arthrolysis. This study provided a valuable guide to liga-
ment reconstruction in patients with elbow stiffness.

medial side of the elbow,’ causing contracture or ossifi-
cation of medial soft tissues, including ligaments.®”
These complications tend to restrict movement of the
elbow. A 50° restriction of elbow motion in flexion-
extension can result in an 80% loss of elbow function.”
Elbow stiffness limits most daily activities requiring a
range of 30° - 130° in flexion-extension and 50° - 50° in
pronation-supination.8

Open arthrolysis is an effective treatment for elbow
stiffness and can significantly improve the mobility and
function of the elbow."9™** To achieve optimal range of
motion, the elbow release procedures involve removal of
HO and release of contracted subcutaneous tissue, joint
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capsule, tendons, and ligaments. Previous studies
encouraged the preservation of the anterior bundle of
the medial collateral ligament (AMCL) because it is the
primary structure for maintaining valgus stability.”""
Additionally, the posterior bundle of the MCL (PMCL)
plays a vital role in preventing elbow dislocation or sub-
luxation and posteromedial rotational instability."*"
However, the contracted or ossified AMCL and PMCL
need to be released or excised to eliminate mobility
restrictions in some patients.'®"7 Therefore, maintain-
ing elbow stability becomes challenging after releasing
or removing the diseased ligaments.

Traditional ligamentous reconstructive techniques
can provide excellent stability. However, they expose
the elbow joint to further surgical trauma because
these techniques disrupt the double layer of bone
cortex when creating bone tunnels.'®' Additionally,
the elbow joint is sensitive to surgical trauma, which
may facilitate the progression of elbow stiffness.*”
Considering the greater sensitivity of the elbow to
trauma and the critical roles of AMCL and PMCL,
we propose a minimally invasive anatomical recon-
struction technique that has been proven to be effec-
tive by biomechanical evaluation.®® Therefore, this
study sought to investigate the clinical effectiveness
and safety of the new technique to restore medial
stability in patients with elbow stiffness. This study
hypothesised that the new MCL reconstruction tech-
nique could effectively maintain medial stability in
patients with elbow stiffness after an adequate
release procedure.

Methods

Study design

This study was an open-label, non-randomised, pro-
spective, multicentre trial of patients with elbow stift-
ness at five centres in China, three centres in
Shanghai, one centre in Wenzhou, and one centre in
Guangzhou. This study is one intervention subgroup
of a trial of the establishment of a systemic elbow
dysfunction treatment system. The entire treatment
system consists of seven subgroups. We are reporting
the results of this intervention group early because
the treatment system for this subgroup has been
completed and it does not affect the data collection
and research for the other subgroups. The institu-
tional review board of Shanghai Sixth People’s Hospi-
tal approved the study. Shanghai Fengxian District
Central Hospital, the Second Affiliated Hospital of
Guangzhou Medical University, the Second Affiliated
Hospital of Wenzhou Medical University, and Shang-
hai Tenth People's Hospital waived the need for
ethics approval after quality assessment and recogni-
tion of the ethics approval granted by the institutional
review board of Shanghai Sixth People’s Hospital.
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Participants

Patients with various types of elbow stiffness were con-
secutively seen at five centres from January 1, 2017 to
March 1, 2020. Inclusion criteria were (1) willingness to
participate in the study, (2) traumatic causes (i.e. trau-
matic factors that contribute to elbow stiffness, includ-
ing fracture, dislocation, injury, and inappropriate
surgical trauma), (3) skeletal maturity (considered to be
generally at 18 years of age according to the Chinese
standard for bone age, which was incorporated into the
industry standard of the People's Republic of China
[TY/T 3001-20006] in 2006°?), (4) ROM (i.e. elbow flex-
ion and extension mobility) <100°(an extension-flexion
arc of 100° [between 30° and 130°] is required for a rela-
tively normal life®), and (5) MCL needing to be
completely released and reconstructed during preopera-
tive or intraoperative evaluation. In patients with post-
traumatic elbow stiffness, some patients have ossifica-
tion of the MCL, which can severely affect elbow mobil-
ity. The ossified ligament can be identified during
preoperative imaging evaluation and needs to be
completely released and reconstructed using a new
MCL technique. Therefore, these anatomy-related
patients can be included directly and do not need to be
excluded intraoperatively. However, in some patients
with post-traumatic elbow stiffness, they have developed
a severe contracture of the MCL, which can also severely
affect elbow mobility. A contracted MCL cannot be
detected by preoperative imaging and requires further
intraoperative evaluation of the MCL after release of
other structures is completed. If the MCL contracture
severely affects mobility, the contracted MCL will need
to be released and then reconstructed, and these func-
tion-related patients will need to be formally included
after intraoperative determination. If the MCL does not
affect mobility after other structures have been released,
these patients with elbow stiffness do not require liga-
ment reconstruction and need to be excluded intraoper-
atively. Thus, the intraoperative criteria are that the
contracted MCL affects joint mobility and needs to be
completely released and reconstructed, and these
patients need to be formally included. Those patients
whose MCL does not affect joint mobility need to be
excluded. Exclusion criteria were (1) immunological (e.
g. rtheumatoid arthritis or spondylitis) or metabolic con-
ditions (e.g. osteoporosis, osteochondrosis, renal osteop-
athy, and Charcot arthropathy) that cause damage to
bone structure, (2) elbow stiffness in patients with
extensive scarring or contracture of soft tissues caused
by burns, (3) central nervous system injuries (e.g. cra-
nial trauma or cerebral haemorrhage), and (4) loss to
follow-up. We prespecified a sample size of 50 for the
ligament trial arm, and we estimated that 1400 patients
were required to adequately meet the sample size for
the entire trial according to protocol (number 2016-
o14). Initially, 1441 patients with posttraumatic elbow
stiffness were recruited according to partial inclusion
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and exclusion criteria. After further preoperative or
intraoperative evaluation, 114 patients had contracted or
ossified MCL, which required complete release and
reconstruction. These 114 patients underwent routine
follow-up at 6 weeks, 6 months, 1 year postoperatively,
and annually thereafter. Ten patients could not be con-
tacted at final follow-up, and these patients were miss-
ing completely at random. The 8.77% (10/114) loss to
follow-up rate in our study was below the 10% criterion
which did not affect the statistical outcome of patients
with orthopaedic trauma.”> Therefore, we excluded
these 10 patients lost to follow-up and restricted analy-
ses to participants with full outcome information (com-
plete case analysis), which is a valid method when data
are missing at complete randomization.** Finally, 104
eligible patients were included in the primary analysis
(Figure 1).

All patients provided written informed consent. The
trial was overseen by an institutional review board. The

manuscript was written in accordance with the CON-
SORT recommendations.

Randomization and masking

This study is an open-label, non-randomised, prospec-
tive, multicentre trial. All eligible participants were
informed about the use of the new ligament reconstruc-
tion technique for ligament reconstruction. Therefore,
there is no randomization and masking method in this
trial.

Procedures

Surgical techniques. Contraindications to surgery were
ruled out preoperatively. All operations were performed
by highly qualified surgeons from five centres with
extensive experience in elbow release and rigorous train-
ing in new ligament reconstruction techniques. Sterile

Inclusion criteria (1), (2), (3), (4) and Exclusion criteria (1), (2), (3)

initially recruited

1441 potentially eligible patients with posttraumatic elbow stiffness,

Inclusion criteria (5)

1327 Patient without ligament
contracture or ossification,
> requiring no ligamentous release

and reconstruction

included in the study

114 confirmed eligible patients with diseased MCL

Exclusion criteria (4)

R 10 patients lost to follow-up,

unable to be contacted

included in the final analysis

104 eligible patients completed follow-up and

Figure 1. Trial profile.

Inclusion criteria were (1) willingness to participate in the study, (2) traumatic causes, (3) skeletal maturity, (4) ROM
<100°, and (5) MCL needing to be completely released and reconstructed during preoperative or intraoperative evaluation.
Exclusion criteria were (1) immunological or metabolic causes, (2) burns, (3) central nervous system injuries, and (4) loss to

follow-up.
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tourniquets were routinely used after brachial plexus
anaesthesia or general anaesthesia. The choice of inci-
sion was based on previous surgical incisions. A com-
bined medial and lateral incision or posterior median
incision was most commonly used. Open arthrolysis of
elbow stiffness was performed, as in previous
studies.?'>*52¢

The lateral approach was used to expose con-
tracted soft tissues and hyperplastic HO in the lateral
and anterior aspects of the elbow. Contracture of the
common extensor tendon of the elbow occasionally
occurred, which required punctate release in some
patients. Thick scar tissues formed after the previous
surgeries were removed because they restricted
elbow movement. Additionally, contracted capsules
and hyperplastic HO in the anterior aspect of the
elbow had to be removed. Along with the removal of
the HO, some patients required coronal fossa and
coronal osteoplasty. The annular ligament (AL) and
radial collateral ligament (RCL) had to be released in
some patients with rotational dysfunction. The lateral
ulnar collateral ligament (LUCL) needs to be pro-
tected because it is an important structure for lateral
stability.”” The LUCL was not found to impede
movement in our study. Additionally, the radial
nerve was released in some patients with severe
restriction of movement, long duration of stiffness,
or previous radial nerve symptoms.

The medial approach was used to expose the ulnar
nerve, contracted tissue, and HO in the medial and
posterior aspects of the elbow. Ulnar nerve release
and anteriorization were performed in all patients.
Additionally, the medial scar tissue was removed.
The PMCL had to be excised to expose the posterior
aspect of the elbow. However, the AMCL required
preservation unless ossification had occurred. There-
after, contracted capsules and HO in the posterior
aspect of the elbow were removed. After HO exci-
sion, olecranon fossa and olecranon osteoplasty were
performed in some patients to maximise extension
improvement.

After routine surgical release, elbow flexion and
extension movements were assessed again during the
operation. We found that contracture of the triceps ten-
don occurred in some patients. Therefore, a pie-crusting
technique for triceps tendon release was performed to
improve flexion function.” Additionally, we found that
contracture or ossification of the AMCL occurred in
some patients. The contracted or ossified AMCL had to
be resected to maximise mobility. After a complete sur-
gical release, the valgus instability of the elbow was
identified during intraoperative evaluation in these
patients. Therefore, these patients with valgus instabil-
ity were finally included in the study, and MCL recon-
structions were performed. Before MCL reconstruction,
metal implants from previous surgeries were removed
if the fracture had healed.
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MCL reconstruction included AMCL reconstruction
with the flexor carpi ulnaris fascia patch and PMCL
reconstruction with the triceps tendon patch.* The fas-
cia patch was released from three sides of the muscle
surface, retained on the proximal side 2 cm distal to the
joint line, and fabricated to be 6 cm long, 1 cm wide,
and 2 mm thick. The tendon patch was released from
three sides with the distal end at the insertion and fabri-
cated to be 3 cm long, o-5 cm wide, and 2 mm thick.
After preparing the patches, MCL reconstruction was
performed at 9o° of elbow flexion. The patches were
sutured to their terminals using absorbable sutures to
prevent further tearing. The fascia patch was folded
along the long axis and pulled towards the medial con-
dyle by passing underneath the flexor carpi ulnaris mus-
cle to fit snugly over the bone surface. The patch was
first fixed at the origin of the AMCL using a suture
anchor (Twinfix; Smith & Nephew, Andover, MA,
USA). Thereafter, the patch was reversed and tensioned
toward the ulnar ridge. Finally, the patch was fixed at
the centre of the ulnar attachments of the AMCL using
a suture anchor. The triceps tendon patch was ten-
sioned toward the medial epicondyle and fixed at the
same point as the fascial patch. This new MCL recon-
struction technique consisted of strips A, B, and C
(Figure 2). Ensuring proper tension of the three strips
was essential for a successful reconstruction. After MCL
reconstruction, the remaining flexor carpi ulnaris fascia
patch and common flexor tendons were intermittently
sutured. The lateral collateral ligaments were repaired
to their origins by a suture anchor. The two drainage
tubes were placed anteriorly and posteriorly to the elbow
to drain the hemorrhagic exudate adequately. Finally,
hinged external fixation (Orthofix, Verona, Italy) was
used to keep the elbow stability for soft tissue healing
during the early rehabilitation phase.’®

Postoperative rehabilitation and treatment. Elbow
rehabilitation exercises followed a uniform standard.®**
Rehabilitation exercises started on the first postopera-
tive day, and rehabilitation exercises were mainly pas-
sive exercises supplemented by active exercises. Thirty
sets of rehabilitation exercises were conducted on the
first postoperative day and then increased by 30 sets per
day until 300 sets. Maximum flexion and extension
were considered as one set, and the elbow could be
locked at a maximum angle using the hinged external
fixation until maximum tolerance. Concurrently, medi-
cations were used to promote swelling and pain relief.
The hinged external fixation was removed at 6 weeks
postoperatively. Meanwhile, the rotational function
could be trained by performing 10 sets of passive prona-
tion-supination exercises per day. All patients were
encouraged to continue rehabilitation exercises along
with muscle strength training. The duration of rehabili-
tation was determined by elbow function.
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Figure 2. Schematic diagram of the ligaments.

riceps

Tendon patch

Fascia patch

Schematic diagram shows position of reconstructed ligaments in relation to original ligaments. AMCL, the anterior bun-
dle of the medial collateral ligament; PMCL, the posterior bundle of the medial collateral ligament.

The elbow joint is prone to HO or HO recurrence after
bone damage."**° Additionally, postoperative rehabilita-
tion often accompanies pain. Therefore, celecoxib (Pfizer
Pharmaceuticals LLC, Vega Baja, Puerto Rico; 200 mg
orally, twice daily) was frequently used for analgesia and
prevention of HO from postoperative day 1 to 6 weeks.*®

Outcomes

Demographic data included age, sex, diseased side, body
mass index (BMI), dominant side, and basic diseases.
Clinical characteristics included duration of stiffness,
follow-up time, preoperative nerve symptoms, moderate
preoperative instability, type of original injury, mecha-
nism of injury, and grading of stiffness severity (Table 1).
Patients with elbow stiffness were classified using a
stiffness grading scale (Table 2).>' The Mayo Elbow Per-
formance Score (MEPS) was used to evaluate elbow
mobility, pain, stability, and daily function.>* The visual
analogue scale (VAS) score®® for quantifying elbow pain
and Amadio score** for describing nerve symptoms
were recorded. Grip strength was used to evaluate the
patient's upper extremity strength status. Among the
evaluation indices mentioned above, stability, MEPS,
and Amadio score were the primary index examined in
this study. The other indices were used as auxiliary
assessments of elbow joint function. The stability of the
elbow joint was tested by using the modified milking
manoeuvre and moving valgus stress tests. A modified
milking test was performed by pulling the thumb to
apply valgus stress at 70° of elbow flexion, which is the
most unstable position of the elbow.>> The moving val-
gus stress test applied elbow valgus forces from maxi-
mum flexion to 30° flexion in the shoulder abduction
and external rotation positions. It has a 100% sensitivity

Characteristic Values or proportions

Number of patients (n) 104

Male (n) 71 (68%)

Female (n) 33(32%)

Age (years) 34.60 + 11.70 (18 - 68)
Diseased side (Right/Left) 61/43

Body mass index (kg/mz) 23.01 = 3.44 (16.26 — 32.41)
Dominant side (Right/Left) 64/40

29.65 £ 51.23 (6-324)
4347 £10.39 (26 - 62)

Duration of elbow stiffness (months)

Follow-up time (months)

Preoperative pain (n) 45 (43%)
Preoperative nerve symptoms (n) 24 (23%)
Preoperative moderate instability (n) 5 (5%)
Original injury types (n)
Distal humerus fracture 31 (30%)
Olecranon fracture 14 (13%)
Radial head fracture 10 (10%)
Elbow dislocation 13 (13%)
Multiple fractures/injuries 23 (22%)
Terrible triad 11 (10%)
Monteggia fracture 1 (1%)
Coronoid process fracture 1(1%)
Mechanism of injury (n)
Low energy 58 (56%)
High energy 46 (44%)
Severity of stiffness
Minimum or functional stiffness 0 (0%)
Moderate stiffness 30 (29%)
Severe stiffness 43 (41%)
Very severe stiffness 31 (30%)
Diabetes 1(1%)
Hypertension 4(4%)

Table 1: Demographic and clinical characteristics of patients.
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Grade Description
Minimum or functional stiffness >91°
Moderate stiffness 61°to 90°
Severe stiffness 31°to 60°
Very severe stiffness <30°

Table 2: Severity of elbow stiffness.

and 75% specificity for MCL injuries.>® Instability was
defined as medial elbow pain or an increase in medial
elbow opening during the valgus test. Valgus laxity <
10° indicated moderate instability, whereas laxity > 10°
indicated severe instability.>* All data were recorded by
independent senior surgeons. Safety outcomes include
adverse events and changes in muscle strength, stability
and nerve symptoms.

Statistical analysis

This trial arm aimed to assess the efficacy and safety of a
less-invasive ligament reconstruction technique, and the
arm lacked a matched control group. Therefore, we dou-
bled the prespecified sample size to reduce bias in prac-
tice. To our knowledge, there are no objective data on
the efficacy of reconstructing medial stability in patients
with elbow stiffness. Sample size will not be stipulated
in advance for this study. Therefore, the sample size is
not determined by power calculations.

The continuous variables were summarised as mean
=+ standard deviation, and the categorical variables were
summarised as frequency (percentage). All data were
checked for normality before analysis. The skewed data
were statistically analysed using the nonparametric Wil-
coxon signed-rank test. The normally distributed data
were assessed for equality of variances using Levene's
test, and then, statistical analysis was performed using a
paired t-test. A p-value < 0-05 was considered to indi-
cate significant differences. Statistical analysis was per-
formed using IBM SPSS software (version 23-0; IBM,
Armonk, NY, USA).

Chinese Clinical Trial
ChiCTR-INC-16010019.

Registry (chictr.org.cn),

Role of the funding source

The funder of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. All authors had access to the data-
set, and WL, HX, WW, JZ, YQ, and CF were responsible
for the decision to submit the manuscript.

Results

Demographic and clinical characteristics of patients
Between January 1, 2017 and March 1, 2020, 104 eligi-
ble patients were eventually enrolled in this study. The
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demographic and clinical characteristics of the patients
are presented in Table 1. These patients had different
types of previous elbow injuries caused by low or high
energy trauma. Among these patients, 74 (71%) patients
had severe or very severe elbow stiffness. The duration
of elbow stiffness varies widely from 6 months to 324
months. All patients underwent regular follow-up with
a final mean follow-up time of 43-47 (95% CI, 41-45 -
45-49) months (Table 1).

Stability

Preoperatively, five patients had moderate valgus insta-
bility caused by treatment of previous trauma. The val-
gus instability in these five patients was resolved by
MCL reconstruction. However, four patients developed
a new onset of moderate valgus instability at 6 weeks
postoperatively with the removal of the hinged external
fixation. One hundred (96%) patients who underwent
MCL reconstruction maintained medial stability at the
last follow-up. No significant differences in the preoper-
ative and postoperative stability scores were observed (P
= 0-7820).

Mayo Elbow performance score and nerve symptoms
The mean MEPS increased from 63-27 (95% CI, 67-34
— 73-91) points to 95-05 (95% CI, 93-27 — 96-83) points
at the final follow-up (P < 0-0001). At the final follow-
up, 85 (82%) patients had excellent results, 17 (16%)
patients had good results, 1 (1%) patient had fair results,
and 1 (1%) patient was poor results. Twenty-four
patients had preoperative nerve symptoms, including
22 ulnar nerve symptoms and two radial nerve symp-
toms. The ulnar nerve symptoms included numbness,
claw deformity, and muscular atrophy, whereas the
radial nerve symptoms included numbness only. Post-
operatively, 12 patients still had nerve symptoms despite
the relief of nerve symptoms, and seven patients had
new-onset ulnar nerve numbness. After ulnar nerve
release and anteriorization, seven patients with preoper-
ative amyotrophy were relieved. However, one of them
still had claw deformity. Overall, the nerve symptoms
were significantly relieved, and the Amadio score
increased from 8-07 (95% CI, 7-82 — 8-31) points to
8.56 (95% CI, 8-41 — 8-71) points (P < 0-0001).

Range of elbow motion

At the final follow-up, elbow extension had improved
from a mean of 40-62° (95% CI, 37-38° - 43-87°) preop-
eratively to 10-77° (95% CI, 8:46° - 13-08°) postopera-
tively (P < o-ooo1) (Table 3). Elbow flexion had
increased considerably from 87-31° (95% CI, 83-80° —
90-82°) to 128-:89° (95% CI, 126-52° — 131-27°) after
surgery (P < 0-0001). As a result, the ROM was consid-
erably modified from 46-88° (95% CI, 42-62° — 51-13°)
to 118-13° (95% CI, 113-91° — 122:34°) (P < 0-000I).
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Characteristic pre-operation post-operation P value
Extension (°) 40.62 + 16.70 (37.38 - 43.87) 10.77 & 11.86 (8.46 - 13.08) < 0.0001
Flexion (°) 87.31 £ 18.05 (83.80 — 90.82) 128.89 + 12.23 (126.52 — 131.27) < 0.0001
ROM (°) 46.88 £+ 21.87 (42.62 — 51.13) 118.13 £ 21.68 (113.91 — 122.34) < 0.0001
Pronation (°) 54.18 =+ 27.80 (48.78 - 59.59) 70.62 + 16.88 (67.34 — 73.91) < 0.0001
Supination (°) 68.94 + 30.31 (63.05 — 74.84) 83.51 + 13.83 (80.82 — 86.20) < 0.0001
FRR (%) 12321 £48.75(113.73 — 132.69) 154.04 £ 25.08 (149.16 — 158.92) < 0.0001
Stability (points) 9.76 & 1.07 (9.55 — 9.97) 9.71 4 1.36 (9.45 — 9.98) 0.7820
MEPS (points) 63.27 + 14.89 (60.37 — 66.17) 95.24 + 8.82 (93.52 — 96.96) < 0.0001
VAS (points) 1.38+£1.77 (1.04 — 1.73) 0.32+0.77 (0.17 — 0.47) < 0.0001
Grip strength (kg) 23.95 +10.39 (21.92 — 25.97) 27.25 + 9.47 (25.41 — 29.09) < 0.0001
Amadio score (points) 8.07 +1.26 (7.82 — 8.31) 8.56 +£0.76 (8.41 — 8.71) < 0.0001

Table 3: Clinical evaluation of patients: preoperative and postoperative data.

ROM, range of motion; FRR, forearm rotational range of motion; MEPS, Mayo Elbow Performance Score; VAS, visual analog scale; Data are presented as the

mean =+ standard deviation (95% CI).

Preoperative pronation and supination increased from
54:18° (95% CI, 48-78° - 59-59°) and 68-94° (95% CI,
63-05° — 74:84°) t0 70-62° (95% CI, 67:34° — 73-91°)
and 83-51° (95% CI, 80-82° — 86-20°), respectively,
after surgery (P < o-ooo1 and P < 0-0001, respectively).
Therefore, the rotational function of the forearm was
improved (P < 0-0001).

Pain and grip strength

Forty-five (43%) patients suffered preoperative pain with
a VAS score of 1-38 points (95% CI, 1-04 — 1-73), and 19
(18%) patients had postoperative pain with a VAS score
of 0-32 points (95% CI, o-17 — 0-47) (P < o-oo0o01). Of
these 19 patients, 16 patients had pain relief, two
patients had no significant relief in pain, and unfortu-
nately, one patient had new mild pain after surgery.
After surgical treatment and rehabilitation exercises,
the muscle strength of patients improved from 23-95
(95% CI, 21-92 — 25-97) kg to 27-25 (95% CI, 2541 —
29-09) kg (P < 0-0001).

Recurrence of stiffness

Elbow stiffness recurred in 17 (16%) patients, including
two with mild, 11 with moderate, and four with severe
stiffness (Table 4). Of the four patients with severe stift-
ness, stiffness in three patients was due to recurrent
HO, and that of one patient was due to the development
of olecranon fracture. Although recurrence of elbow
stiffness occurred in 17 patients, nine patients had

Variables Values or proportions
Minimum or functional stiffness 2 (2%)

Moderate stiffness 11(10%)

Severe stiffness 4 (4%)

excellent results, six patients had good results, one
patient had a fair result, and one patient had a poor
result. The poor or fair results in two patients were
caused by a recurrence of HO; they still had mild pain
despite some relief. Pain and HO recurrence may
be important factors contributing to renewed elbow
stiffness.

Postoperative complications

One patient developed an infection at the nail tract of
hinged external fixation; the patient underwent antibi-
otic treatment (Table 5). One patient experienced a frac-
ture caused by violent rehabilitation exercises after the
removal of a metal implant in release surgery; the
patient underwent conservative treatment. One patient
with no previous pain developed mild pain after the
release procedure, and the pain was slightly relieved at
the last follow-up. Seven patients had new-onset ulnar
nerve numbness, which was not relieved significantly
after conservative treatment. Four patients still had
moderate valgus instability of the elbow after conserva-
tive treatment.

Discussion

The elbow joint is sensitive to trauma and even surgical
trauma.>>°>937 Elbow stiffness is a common complica-
tion of trauma. A variety of factors can cause restriction

Variables Values or proportions
Infection, n (%) 1(1%)
New onset of nerve symptoms, n (%) 7 (7%)
New onset of pain 1(1%)
Fracture, n (%) 1(1%)
Moderate valgus instability, n (%) 4 (4%)

Table 4: Recurrence of elbow stiffness.

Table 5: Distribution of postoperative complications.
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in elbow movement, and MCL ossification or contrac-
ture is one of the important factors which need to be
removed.®”"'® Therefore, reduced invasion of the elbow
joint is essential for MCL reconstruction in patients
with elbow stiffness. To our knowledge, this study is the
first to use a minimally invasive MCL reconstruction
technique to reconstruct valgus stability and evaluate its
effectiveness in patients with elbow stiffness. We con-
ducted this prospective study to investigate whether the
technique could be effective in restoring valgus stability
in patients with elbow stiffness after complete open
arthrolysis. In this study, all patients developed elbow
stiffness after trauma, and their MCLs underwent ossifi-
cation or severe contracture. We used fascia and tendon
patches to reconstruct the medial stability of the elbow
in all patients after resection or excision of the MCL.
Our results showed that the new technique could effec-
tively restore valgus stability. Additionally, surgical treat-
ment combined with rehabilitation exercises proved to
be a reliable procedure for elbow stiffness.

In our study, the MCL reconstruction technique con-
sisted of three strips A, B, and C (Figure 2).*" This new
MCL technique is a modification of the previous fascia
reconstruction technique.” In the new MCL reconstruc-
tion technique, we used a longer fascia patch than
before, and the fascia patch passed underneath the
ulnar carpal flexor and fitted snugly over the bone sur-
face. The fascia was first fixed at the origin of the
AMCIL, then reversed and fixed at the centre of the ulnar
attachments of the AMCL, forming strands A and B.
The two-strand fascial reconstruction has advantages
over the previous single-strand reconstruction, and the
fascia adhered to the bone surface can maintain stable
tension more effectively than in the previous fascia
reconstruction. Previous literature has reported that the
proximal and distal parts of the insertion of the AMCL
played different roles in maintaining medial elbow
stability.>®3° Frangiamore argued that proximal inser-
tion is important for maintaining stability at higher
elbow flexion angles, whereas distal insertion is impor-
tant at lower flexion angles.*® In biomechanical studies,
Hassan concluded that the proximal half insertion has a
significant role in maintaining posteromedial stability
of the elbow, whereas the distal half has no signifi-
cance.* Our study used strips A and B to replace the
AMCL. Strip A was reconstructed at the centre of the
original AMCL insertion, simulating the role of the
proximal half of the original insertion. Strip B was prox-
imal to the proximal half of the insertion, reinforcing
the role of the proximal half of the original insertion.
The existing Jobe and Docking techniques converge the
two strands on the ulna into one strand on the medial
condyle.*® The shape of the reconstructed ligament is
similar to that in our AMCL reconstruction, but our
technique is performed more closely to the functional
area of the proximal insertion. The interference tech-
nique and the internal bracing technique use a single
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strand reconstruction, whose position is similar to that
of strip A in our AMCL reconstruction. Therefore, we
believe that our AMCL reconstruction technique has
advantages over the traditional technique in terms of
reconstructed functional areas and the number of
reconstructed ligaments. Additionally, the new tech-
nique involves a PMCL reconstruction using the triceps
tendon, forming a C-strand, which is different from the
previous fascia reconstruction.”” The PMCL was consid-
ered to play an important role in maintaining the post-
eromedial stability of the elbow, and reconstruction of
the PMCL after injury was recommended."**" Addition-
ally, the medial and central portions of the triceps ten-
don are thicker and stiffer than the lateral portion, and
the medial portion of the tendon can be used as a graft
for ligament reconstruction.** Therefore, we used the
medial part of the triceps tendon for PMCL reconstruc-
tion. The new reconstruction technique formed a fan-
shaped structure, which covered a wider area than the
previous technique to maintain the stability of the
medial elbow. Additionally, biomechanical studies con-
firmed that the new technique has certain advantages in
maintaining elbow valgus stability.”’ Therefore, from
the perspective of structural and biomechanical charac-
teristics, we believe that the new technique has an
advantage over the traditional technique in maintaining
the valgus stability of the elbow.

In this study, four (4%) patients were found to have
moderate elbow valgus instability when the hinged
external fixation was removed at 6 weeks postopera-
tively. The valgus instability may be related to partial
healing of the soft tissues. Moreover, they still remained
unstable after conservative treatment at the final follow-
up. Reconstruction failure may be related to insufficient
tension of the fascia and triceps tendon patches during
fixation of the patches. The overall stability did not
change before and after surgery (P = 0-7820). Our MCL
reconstruction technique used soft tissues around the
elbow joint and eliminated the need to obtain grafts
from other donor areas, avoiding the dysfunction and
complications associated with donor areas.®’ In this
study, MCL reconstruction was applied to patients with
post-traumatic elbow stiffness who were more sensitive
to trauma or even surgical trauma and were more prone
to contracture and heterotopic ossification. Patients
without elbow stiffness may have better clinical out-
comes with less invasive ligament reconstruction. The
results of MCL reconstruction in patients with post-trau-
matic elbow stiffness may be better than in patients
with immune or metabolic elbow stiffness because the
immune or metabolic disease may have an inflamma-
tory response in the ulnar carpal flexor fascia and triceps
tendon.

Numerous research studies have confirmed that
open elbow release is an ideal treatment for elbow stiff-
ness." >'®7 In our study, patients had different
severities of elbow stiffness caused by various original
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injuries in high or low energy trauma. The MCL of all
patients was confirmed to be ossified or severely con-
tracted during the release procedure. All patients had
moderate stiffness or above, and the severity of stiffness
may have affected contracture or ossification of the
elbow MCL. By complete release, including removal of
the diseased MCL, all patients achieved excellent elbow
mobility in intraoperative evaluation. The results of our
study showed that ROM and FRR improved signifi-
cantly in 87 (84%) patients. The average extension, flex-
ion, and ROM increased by 29-83° (73%), 41.58° (47%),
and 71-25° (152%), respectively. The mean protonation,
supination, and FRR increased by 16-44° (30%), 14.57°
(21%), and 30.83° (25%), respectively. The average
MEPS significantly increased by 31-97 points (51%). The
results indicated that open release was an excellent
method for improving mobility and function for
patients with elbow stiffness, which was consistent with
findings from previous studies.”” '*'"7 Most patients'
preoperative pain was relieved after arthrolysis and
rehabilitation. Therefore, we concluded that arthrolysis
and rehabilitation exercises are reliable approaches for
treating posttraumatic pain. However, mild postopera-
tive pain remained in 19 patients. The residual pain
may be related to healing of the postoperative scar, re-
contraction of the soft tissue, or joint deformity.

In this study, most patients had relief of nerve
symptoms after nerve release. Two patients had
slight relief of radial nerve symptoms after radial
nerve release. One patient with preoperative nerve
symptoms still had claw deformity despite some
relief of ulnar nerve symptoms, which may be
related to the loss of neurotrophy of the muscle.
Seven patients newly developed ulnar nerve numb-
ness after surgery. The new emerging ulnar nerve
symptoms may be associated with contracture of the
soft tissues and complete improvement in mobility,
which results in compression or strain on the ulnar
nerve. We routinely performed ulnar nerve release
and anteriorization. Overall, nerve symptoms were
relieved, and the mean Amadio score improved (P <
0-000I).

All patients accepted uniform postoperative rehabili-
tation exercises with enhanced recovery after surgery
(ERAS).*® Scientific rehabilitation exercises have been
verified to remarkably improve joint mobility and
function.®*** Additionally, all patients were encour-
aged to perform muscle strength training after remov-
ing the hinged external fixation. The average grip
strength of the patients was improved by 3-3 kg, which
was a 14% increase in muscle strength (P < o-oo0o01).
The increase in muscle strength was significantly lower
than the 95% increase in patients with rheumatoid stift-
ness,” which may be related to the lower pain profile in
patients with preoperative posttraumatic stiffness com-
pared to theumatoid patients. However, the overall level
of postoperative muscle strength was higher than in

rheumatoid patients. Therefore, we believe that postop-
erative rehabilitation and strength training has a posi-
tive effect on improving muscle strength and elbow
function in patients with elbow stiffness.

In our study, 17 (16%) patients had recurrent elbow
stiffness, ranging from mild to severe stiffness.
Although the recurrence rate of elbow stiffness was rela-
tively high as previously reported,’ 15 patients had excel-
lent or good results, and only two patients had fair or
poor results. Although 15 patients had recurrent elbow
stiffness caused by soft tissue contracture or pain, they
were allowed to continue with their daily lives. The two
(2%) patients with fair or poor results had a recurrence
of HO on the posterior and medial sides of the elbow,
but no ossification occurred in the reconstructed MCL.
The recurrent HO affected the elbow joint function and
was therefore named function-related HO. The 2% HO
recurrence rate was lower than the 4% reported in previ-
ous studies.”> However, the function-related HO is not
representative of HO recurrence in all patients, as some
patients have recurrent HO that does not affect function
and refuse to retest radiographic imaging. Therefore,
the actual rate of HO recurrence may be underesti-
mated, and the results should be interpreted with cau-
tion. We believe that less invasive reconstruction after
effective release is beneficial in reducing the recurrence
of function-related HO.

Several common complications were observed in the
present study. The patient with superficial infection
underwent antibiotic therapy. After treatment with non-
steroidal anti-inflammatory drugs (NSAIDs) and
reduced activity, the patient with new-onset pain was
slightly relieved but still had mild pain. Seven patients
with new-onset ulnar nerve symptoms were slightly
relieved but still had numbness after nerve nutrition
therapy, which may be related to compression caused
by postoperative contracture of the soft tissue. The
patient with the fracture refused surgical treatment and
experienced a recurrence of elbow stiffness. Four
patients with instability remained unstable after conser-
vative treatment. The four patients accepted the current
joint function and refused another ligament reconstruc-
tion treatment.

This study is a multicentre study. To minimise cen-
tral effects, we ensured strict standardisation and con-
sistency in trial management, subject baseline
characteristics, and clinical practice. In order to achieve
multicentre homogeneity, we have developed several
measures. First, we developed a multiparty-approved
trial protocol, which guided the entire trial and ensured
strict adherence to the protocol during the actual opera-
tion of each study centre. Second, we required each cen-
tre to strictly comply with the inclusion and exclusion
criteria and select subjects who met the criteria. Third,
the surgeries at each centre were operated by a regular
surgeon who had undergone rigorous standardised
training at our main centre (Shanghai Sixth People's
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Hospital). Their surgical skills and abilities were basi-
cally at the same level, and they all followed the same
operational procedures for surgery as well as periopera-
tive management. Fourth, we had uniformly trained
senior surgeons from each centre for data collection,
and developed a uniform rating scale. The main centre
made the final assessment when ambiguity occurred.
We acknowledge that even though we controlled for var-
iations in surgical performance between centres, some
heterogeneity may have existed between centres in
terms of differences in trial management, patient selec-
tion, and clinical practices.

This study has several limitations. First, the study
sample size was small and lacked a control group. Ran-
domized controlled clinical trials recruiting patients
undergoing the new MCL reconstruction technique
matched with patients undergoing other reconstruction
techniques are needed. However, they are difficult to
execute due to the low prevalence of MCL ossification or
contracture. Second, this study's evaluation of valgus
stability used physical examinations and simple stability
scores in MEPS, which lacked detailed quantification of
valgus stability. A more detailed elbow valgus instability
scoring system needs to be created and introduced to
evaluate elbow valgus stability. Third, radiographic
imaging was not performed for all patients at the last
follow-up, which may underestimate the recurrence of
HO. Fourth, obesity and diabetes affected functional
recovery after surgery in patients with elbow joint stiff-
ness. There was only one diabetic patient and seven
obese patients in our study, and the number of patients
was too small to perform an accurate subgroup statisti-
cal analysis.

In conclusion, the new less-invasive MCL recon-
struction technique can effectively rebuild medial stabil-
ity in patients with elbow stiffness after complete
arthrolysis.
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