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Abstract

Background Shoulder function often is limited after tumor

resection and endoprosthetic replacement of the proximal

humerus. This is partly attributable to the inability to reliably

reattach rotator cuff tendons to the prosthesis and achieve

adequate shoulder capsule repair with a metallic prosthesis.

An option to attain these goals is to use synthetic mesh for the

reconstruction, although the value of this method has not

been well documented in the literature.

Questions/purposes We asked whether patients who had

shoulder reconstruction using synthetic mesh had (1) better

shoulder function; (2) improved ROM compared with

shoulder reconstructions without mesh; and (3) more stable

joints compared with those in patients with similar resec-

tions who had reconstructions without synthetic mesh.

Methods During a 5-year period, we performed 41

intraarticular resections with endoprosthetic reconstruc-

tions for malignancies in the proximal humerus meeting

specified criteria to generate similarity in the study groups.

Twelve patients (29%) were lost to followup before

24 months, leaving 29 patients available for review at a

mean of 45 months (range, 24–70 months). This retro-

spective study compared 14 patients with soft tissue

reconstruction that included synthetic mesh with 15

patients with soft tissue reconstruction without the use of

synthetic mesh. The choice was made during consultation

between the patient and surgeon, after reviewing the per-

ceived advantages and disadvantages of each approach. A

tumor band (ligament advanced reinforcement system) was

used as synthetic mesh and wrapped around the prosthesis

of the proximal humerus for soft tissue reconstruction in

the reconstruction-with-mesh group. Study endpoints

included the Musculoskeletal Tumor Society (MSTS)

function scores, American Shoulder and Elbow Surgeons

(ASES) score, shoulder ROM, and proximal migration of

the humeral prosthesis.

Results The mean MSTS score for patients without syn-

thetic mesh reconstruction was 20 ± 3 points (66%),

whereas for patients with synthetic mesh reconstruction,

the mean score was 24 ± 2 points (79%; p = 0.001).

Patients with synthetic mesh reconstruction had a higher

mean total ASES score (85 ± 1.1 points versus 72 ±1.7

points; p = 0.025), and better function for activities of

daily living. They also had better ROM on mean active

forward flexion (p = 0.020), abduction (p \ 0.001), and

external rotation (p \ 0.001) than patients without syn-

thetic mesh reconstruction. Proximal migration of the

prosthesis was observed in five of 15 of patients in the

group without synthetic mesh reconstruction and in none of

those treated with synthetic mesh (p = 0.042).

Conclusions Patients with intraarticular resection and

endoprosthetic replacement of the proximal humerus with

reconstruction that included synthetic mesh had better

shoulder function and ROM, and more stable joints than

patients who had reconstruction without synthetic mesh.

This result supports prior observations by others and it
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remains to be shown whether use of the ligament advanced

reconstruction system is superior to other types of mesh or

other types of reconstructions. Further investigation is

needed but our results indicate that using mesh should be

considered for patients with tumor resection and endo-

prosthetic replacement of the proximal humerus.

Level of Evidence Level III, therapeutic study.

Introduction

The proximal humerus is a common site for malignant bone

tumors. Currently, especially in the upper extremity, limb sal-

vage is used to achieve local tumor control and salvage a

functional limb. There is no one accepted method of recon-

struction; arthrodesis, osteoarticular allografts, endoprostheses,

allograft prosthetic composites, and several other methods have

been used to reconstruct the upper limb [1, 3, 5, 7, 12, 19].

Among the surgical choices, endoprosthetic replacement is

probably the most widely used because of its availability, rel-

atively low complication rate, high implant survival, and

comparable functional results to those of other approaches [14,

18]. However, endoprosthetic replacement of the proximal

humerus is associated with limited ROM of the shoulder

because of difficulty in reattaching the rotator cuff and tendons

to the prosthesis, which can lead to shoulder instability and

dislocation [3, 12, 14, 17].

Some studies of soft tissue shoulder reconstructions

have used a synthetic mesh wrapped around the prosthesis

to facilitate tendon reattachment to resolve these problems

[2, 9, 11, 15, 18]; however, these studies have differed

regarding whether it is advantageous to do so. Although

several studies have shown the restoration of functional

arcs of motion and absence of prosthetic dislocations [2, 9,

11], others [15, 18] found no benefit to this approach. Some

of these differences may be because the study populations

are heterogeneous; in general, these studies have not

managed to control for variables such as length of osseous

resection, or presence of a functional axillary nerve, del-

toid, or rotator cuff, which have substantial influence on

shoulder function [3, 4, 9].

We therefore evaluated the effect of synthetic mesh as

part of the soft tissue (rotator cuff) reconstruction after

proximal humeral en bloc intraarticular resection and

reconstruction in patients who had retention of their axil-

lary nerve and at least a portion of their deltoid muscle

preserved; specifically, we sought to determine whether the

patients had (1) better shoulder function; (2) improved

ROM compared with shoulder reconstructions without

mesh; and (3) more stable joints compared with those of

patients with similar resections who underwent prosthetic

reconstruction without synthetic mesh.

Patients and Methods

We performed a retrospective study after obtaining

approval from our institutional review board. We reviewed

98 patients with malignant tumors around the shoulder

girdle who were treated with limb salvage between January

2008 and December 2012. Medical records (history and

details of the procedure), histologic slides, image files, and

followup information were collected. The patients were

divided in two groups: 35 patients were in the group with

soft tissue reconstruction using synthetic mesh and 63 were

in the group without using synthetic mesh. The patients

who met the following criteria included in the study

(Table 1): (1) between 14 and 70 years old, (2) had

malignant tumors involving the proximal humerus, (3)

underwent intraarticular en bloc tumor resection with intact

glenoid and functional deltoid, (4) without major nerve

injury, (5) had reconstruction with an endoprosthesis, and

(6) without local recurrence. To facilitate comparison, we

eliminated factors such as local recurrence that interfere

with function for obvious reasons. We also excluded

patients (1) who underwent extraarticular or total humeral

resection, (2) who had compromised abductor function

develop because the axillary nerve and/or greater than 50%

of the deltoid was resected [7], and (3) who underwent

revision surgery. After applying these criteria, 41 eligible

patients remained. Of those, 12 (29%) were lost to fol-

lowup before 24 months, leaving 29 patients available for

review at a mean of 45 months (range, 24–70 months). The

remaining 29 patients were assigned to one of two soft

tissue recontruction groups: with (14) and without use of

synthetic mesh (15).

There were nine male and five female patients with a mean

age of 33 years (range, 15–66 years) receiving synthetic mesh

reconstructions. Their diagnoses included eight osteosarco-

mas, two chondrosarcomas, two solitary plasmacytomas, one

undifferentiated pleomorphic sarcoma, and one solitary

metastasis of renal cell carcinoma (Fig. 1). The group without

synthetic mesh reconstruction (n = 15) included eleven male

and four female patients with a mean age of 28 years (range,

14–58 years). Their diagnoses included nine osteosarcomas,

three chondrosarcomas, one giant cell tumor, one solitary

plasmacytoma, and one solitary metastasis of renal cell car-

cinoma. All patients with a diagnosis of osteosarcoma

received chemotherapy (two cycles preoperatively and four

cycles postoperatively, including doxorubicin, cisplatin,

methotrexate, and ifosfamide). No patient in either group

received radiotherapy.

Before surgery, the surgeons recommended that all

patients with prosthetic replacement after tumor resection

around the shoulder girdle receive augmented synthetic

mesh reconstruction. However, patients were informed that

improvement of shoulder function and stability of using
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synthetic mesh were uncertain, and additional reconstruc-

tion procedures such as the use of mesh might prolong

surgical time, increase blood loss, and perhaps lead to

unexpected complications. To minimize the influence from

doctors, surgeons in charge were unaware that an obser-

vational study would be done. The final decision for use of

a mesh graft was discussed and codetermined by patients

and doctors.

For the purpose of maximizing the oncologic safety of this

procedure, the tumor resection part of the operation was

performed by surgeons who did not perform the recon-

struction. Two senior surgeons (WG and RY) were

responsible for tumor resections and decided what structures

could be preserved. In this series, all patients underwent

intraarticular en bloc tumor resection of the proximal

humerus. The surgery was performed with adequate surgical

margins while keeping the glenoid and the axillary nerve

intact, and the deltoid muscle was preserved as much as

possible. Proximal humerus resection with a cemented

modular endoprosthesis (Chun Li Co, Beijing, China)

replacement was performed using conventional techniques

for limb-salvage surgery. After tumor resection, the recon-

struction was performed by another surgeon (XT). In the

group without synthetic mesh reconstruction, the residual

rotator cuff was fixed around the head of the prosthesis using

nonabsorbable sutures. In the synthetic mesh reconstruction

group, a ligament advanced reinforcement system (LARS)

(L.A.R.S Laboratoire d’Application et de Recherche Sci-

entifique, Arc-sur-Tille, France) tumor band, a 6-cm 9 40-

cm strip of industrial-strength polyester fibers, was tightly

secured to the prosthesis with several nonabsorbable sutures

while the band was wrapped around the shaft of the endo-

prosthesis spirally. After the prosthesis was cemented to the

remaining humerus, the proximal end of the tumor band was

fixed to the remaining capsule or glenoid by suturing cir-

cumferentially along the glenoid in a sequential manner with

nonabsorbable sutures to reconstruct the capsule. The pros-

thetic humeral head was reduced into the artificial capsule.

The rotator cuff and remaining deltoid tendon, latissimus

dorsi, pectoralis major, and longer head of biceps tendon

were anatomically reattached to the relative position on the

prosthesis wrapped with synthetic mesh (Fig. 2).

The resected specimens were evaluated by an experi-

enced pathologist (DS) to determine the surgical margins.

Postoperative rehabilitation procedures were standard.

Postoperatively, the patients wore a shoulder immobilizer

for 3 weeks while pendulum exercises were performed.

After 3 weeks, a sling was used and supine active-assisted

ROM exercises were initiated. Active motion started after

6 weeks.

All patients were followed up clinically and radiologi-

cally every 3 months by a physician (ST) who was

unaware of the type of reconstruction used. For patients in

both groups, length of humeral resection, operation time,

blood loss volume, complications, local recurrence, meta-

static disease, and patient survival were recorded. Shoulder

ROM was measured, and functional outcome was evalu-

ated during the final followup using the Musculoskeletal

Tumor Society (MSTS) 93 system [6] for the upper

extremity, which includes measures for pain, function,

emotional acceptance, hand position, manual dexterity, and

Table 1. Study inclusion and exclusion criteria

Variable With

mesh (n)

Without

mesh (n)

Total number (n = 98) 35 63

Exclusion number 21 48

Age 1 4

Position of lesion 0 12

Surgical resection

Extraarticular resection 9 7

Total humeral resection 1 3

Intralesional curettage 0 4

Major nerve injury/compromised

abductor function

2 3

Nonprosthetic reconstruction 0 3

Revision surgery 2 3

Local recurrence 2 1

Followup less than 24 months 4 8

Inclusion number 14 15

Fig. 1 Proximal humeral destruction can be seen on this preoperative

plain radiograph of the shoulder of a patient with renal cell carcinoma

metastasis.
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lifting ability. To assess activities of daily living (ADL)

involving the shoulder, the American Shoulder and Elbow

Surgeons (ASES) score [16] was used. The ASES score

totals 100 points and allocates 50 points for measuring

function of ADL and 50 points for pain. Radiographs of the

shoulder and humerus were reviewed for evidence of

aseptic loosening, hardware failure, and proximal migra-

tion. Proximal migration of the humerus, which is

considered instability of the shoulder, was defined as an

acromiohumeral interval less than 5 mm, measured on an

AP radiograph [3].

Chi-square analysis, independent t-tests, and nonpara-

metric Mann Whitney tests were used to compare variables

between the two groups. Differences with a p value less than

0.05 were considered significant. All analyses were per-

formed using Statistical Package for the Social Sciences,

Version 16.0 (SPSS, Inc, Chicago, IL, USA). The two patient

groups did not differ significantly in terms of age

(p = 0.439), sex (p = 0.700), followup time (p = 0.490),

length of humeral resection (p = 0.700), and blood loss

volume (p = 0.840; Table 2). Since joint stability was

studied separately and patients with local recurrence were

excluded, these two factors were not considered in assessing

for complications. Patients in both groups did not have other

complications develop, such as deep infection, aseptic

loosening, or hardware failure. Only one patient without

synthetic mesh reconstruction experienced poor wound

healing, which subsequently healed after débridement.

Results

Patients with synthetic mesh reconstruction had better

functional outcomes scores than those without mesh. The

mean MSTS score for the upper extremity was 20 ± 3

points (66%) among patients without synthetic mesh

reconstruction and 24 ± 2 points (79%) among patients

with synthetic mesh reconstruction (p = 0.001; Table 2).

With the numbers available, the two groups did not differ

in terms of pain and manual dexterity. Patients with syn-

thetic mesh reconstruction had higher mean scores for

function (p \ 0.001), emotional acceptance (p = 0.001),

and lifting ability (p = 0.042) compared with patients

without synthetic mesh reconstruction. The mean hand

position scores did not differ between two groups with the

numbers available (p = 0.057). When evaluated by ASES

score, patients with synthetic mesh reconstruction had a

higher mean total score than patients without synthetic

mesh reconstruction (p = 0.025). More patients with syn-

thetic mesh reconstruction had better function for ADL

(Fig. 3), including ‘‘Put on a coat’’ (p = 0.006), ‘‘Wash

back/do up bra in back’’ (p = 0.000), ‘‘Manage toileting’’

(p = 0.014), ‘‘Comb hair’’ (p = 0.006), ‘‘Reach a high

shelf’’ (p = 0.002), ‘‘Do usual work’’ (p = 0.008), and

‘‘Do usual sport’’ (p = 0.029). Seven patients (50%) with

synthetic mesh reconstruction had no difficulty doing their

usual work. However, there was no significant difference

between the two groups for the items ‘‘Sleep on your

painful or affected side’’ (p = 0.070), ‘‘Lift 10 lb above

shoulder,’’ (p = 0.477), and ‘‘Throw a ball overhand’’

(p = 0.093).

The ROM of the shoulder in the synthetic mesh recon-

struction group was improved (Fig. 4) in most directions

compared with ROM in the without-mesh group (Table 2).

Patients with synthetic mesh reconstruction had better

ROM on flexion (p = 0.020), abduction (p \ 0.001), and

external rotation (p \ 0.001) than patients without syn-

thetic mesh reconstruction.

Proximal migration of the humerus was observed in 1
.
3

(five of 15) of the patients without synthetic mesh recon-

struction, and two had anterior prosthetic dislocations

develop. In the group with synthetic mesh reconstruction,

all patients had stable shoulders (Fig. 5) and no proximal

migration occurred (p = 0.042).

Discussion

Endoprosthetic replacement is used in salvaging the prox-

imal humerus, and some reports indicate that the

replacement is associated with a low complication rate and

high implant survival rate [14, 18]. Although endopros-

thetic replacement usually provides an excellent platform

Fig. 2 The LARS tumor band is wrapped around the prosthesis and

the tendons of residual muscle are reattached. The long head of the

biceps tendon (one arrow), deltoid muscle (two arrows), and rotator

cuff (three arrows) are shown.
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for the hand and elbow, shoulder function is restricted,

which limits active ROM and can result in an unstable

joint. Prior studies have disagreed regarding whether using

mesh as part of a soft tissue reconstruction in these patients

can produce better shoulder function after tumor resection

of the proximal humerus [2, 9, 11, 15, 18]. We therefore

asked whether these patients had better shoulder function,

greater active shoulder motion, and more stable joints

compared with patients who underwent prosthetic recon-

struction without synthetic mesh. We restricted study

inclusion criteria so that patients with similar surgical

findings would populate both study groups to make the

groups comparable.

Our study had some limitations arising from its retro-

spective design. There were few patients meeting the strict

inclusion criteria, and they were separated into two groups.

With a larger number of patients it might be possible to

Table 2. Comparative features between patients with and without synthetic mesh reconstruction

Characteristic Without mesh With mesh p value 95% CI

Age (years)* 28 ± 15 33 ± 17 0.439 �16.83 to 7.50

Sex 0.700 0.314–7.437

Males 11 9

Females 4 5

Followup (months)* 43 ± 14 47 ± 13 0.490 �14.06 to 6.91

Length of humeral resection (cm)* 12 ± 3 13 ± 4 0.700 �3.34 to 2.27

Operative time (minutes)* 124 ± 27 158 ± 53 0.036� �66.06 to �2.37

Blood loss volume (mL)* 340 ± 151 339 ± 98 0.840 �133.13 to 134.55

Complications 1.000 0.815–1.069

Yes 1 0

No 14 14

MSTS (points [%])* 20 ± 3 [66 ± 11] 24 ± 2 [79 ± 7] 0.001� �20.12 to �5.54

Pain 4.4 ± 1.0 4.9 ± 0.3 1.000

Function 2.2 ± 0.9 3.4 ± 0.6 \ 0.001� �1.85 to �0.61

Emotional acceptance 3.2 ± 0.9 4.4 ± 0.8 0.001� �1.88 to �0.58

Hand position 1.9 ± 0.8 2.5 ± 0.8 0.057

Manual dexterity 5.0 ± 0.0 5.0 ± 0.0 1.000

Lifting ability 2.9 ± 0.8 3.4 ± 0.5 0.042

ASES score* 72 ± 1.7 85 ± 1.1 0.025� �23.17 to �1.71

ROM (�)*

Flexion 55 ± 21 77 ± 26 0.020� �39.67 to �3.61

Extension 34 ± 8 36 ± 6 0.637

Abduction 42 ± 16 68 ± 13 \ 0.001� �37.58 to �14.80

Internal rotation 44 ± 7 47 ± 8 0.276

External rotation 56 ± 9 73 ± 12 \ 0.001�

Proximal migration 0.042� 0.466–0.953

Yes 5 0

No 10 14

* Values are mean ± SD; �significant difference between two groups; MSTS = Musculoskeletal Tumor Society, ASES = American Shoulder

and Elbow Surgeons.

Fig. 3 The absolute activities of daily living (ADL) scores and

p values for patients with and without synthetic mesh reconstruction

are shown for the different subcategories.
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detect smaller differences between the two groups with

more certainty. Second, we performed a nonrandomized

comparative study, and some selection bias arose from

unblinded surgeons and patients. Although surgeons sug-

gested all patients with prosthetic replacement should

receive augmented synthetic mesh and used the same

treatment protocol except for the mesh graft, the surgeons

likely encouraged patients with better osseous and soft

tissue conditions to undergo additional reconstruction, and

they provided these patients with more attention and

medical care. The patients’ decision to use synthetic mesh

for soft tissue reconstruction may have been associated

with a higher motivation level in the mesh reconstruction

group. For example, patients might have been more willing

to attempt more-aggressive rehabilitation when they knew

they had mesh reconstruction. Third, followup was insuf-

ficient to evaluate long-term complications and function.

Fourth, the differential loss to followup between the groups

may have influenced the results; a larger proportion of the

patients treated without mesh were lost to followup before

2 years. However, because patients lost to followup often

are not doing as well as those who are accounted for, one

might surmise that the larger proportion of patients treated

without synthetic mesh who were lost to followup would

favor the conclusion that mesh is helpful.

Patients who received synthetic mesh for soft tissue

reconstruction after endoprosthetic replacement of the

proximal humerus had better shoulder function than patients

without synthetic mesh. Reported MSTS scores for patients

without mesh reconstruction range from 61% to 87%, with

an average of 70% [3, 10, 13, 14, 17]. To improve shoulder

function, several kinds of synthetic mesh, including Mersi-

leneTM (Johnson & Johnson’s Ethicon division, Ethicon

Endo-Surgery, Inc, Cincinnati, OH, USA) [2, 9], Trevira1

tube (Implantcast GmbH, Buxlehude, Germany) [15, 18],

and aortograft mesh [11] have been wrapped around the

prosthesis for soft tissue reconstruction. However, there was

Fig. 4A–D During postoperative followup, excellent active motion is seen in this patient with synthetic mesh reconstruction. (A) Partial

recovery of shoulder abduction was evident at 3 months, and almost full recovery of shoulder ROM was seen on (B) abduction, (C) forward

extension, and (D) elevation at the 12-month followup.

Fig. 5 A postoperative plain radiograph obtained at the 12-month

followup shows a stable shoulder in this patient with synthetic mesh

reconstruction.
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no improvement observed in shoulder function in the

patients in these studies [2, 9, 15, 18], with reported mean

MSTS scores between 63.3% and 79.2%. In our control

study, the patients with synthetic mesh reconstruction had

higher MSTS scores (79%), especially for function, emo-

tional acceptance, and lifting ability, compared with patients

without synthetic mesh reconstruction. Functional results

with the use of the LARS tumor band in our study seemed

better than in a couple studies that reported use of synthetic

mesh in soft tissue reconstruction [15, 18]. This may be

attributed to the ability to achieve fixation of muscle tendons

to the synthetic mesh. We usually secure the LARS tumor

band tightly while wrapping it around the shaft of the

endoprosthesis spirally. After soft tissue ingrowth, a sleev-

elet conforming to the shape of the endoprosthesis will

develop and prevent the rotator cuff from pulling the mesh

proximally. However, synthetic mesh can improve shoulder

function only in patients with an intact glenoid, axillary

nerve, and functional deltoid muscle; therefore, studies using

synthetic mesh might have found better shoulder function

results if the inclusion criteria were restricted as ours were.

Patients with synthetic mesh reconstruction also

achieved better active motion on flexion, abduction, and

external rotation on shoulder ROM assessment. Active

shoulder movement usually is restricted after proximal

humeral resection and prosthesis replacement. Ross et al.

[17] studied 24 patients for whom no attempt was made to

reattach the soft tissues to the prosthesis; active flexion,

extension, and abduction at the shoulder were reduced to

less than 30� in every patient in their series. In some studies

[12, 20] of mixed intraarticular and extraarticular resection

of the proximal humerus, maximum attainable shoulder

abduction was 45� after static suspension of the prosthesis

with Dacron1 tape (Deknatel, Fall River, MA, USA). In a

study of patients with an intraarticular, deltoid muscle, and

axillary nerve-sparing resection, after reattaching the cap-

sule and rotator cuff tendons to the prosthesis using braided

nylon suture, active shoulder forward flexion and abduction

were limited to 40� to 50� [3]. Even with synthetic mesh

reconstruction, numerous studies reported [2, 9, 11, 15, 18]

active shoulder ROM was seriously restricted, with for-

ward flexion between 30� and 55�, and abduction between

33� and 60�. In our study, after balancing other factors that

might interfere with shoulder ROM between groups,

patients with mesh reconstruction had better active move-

ment on several directions.

We found that shoulder instability and dislocation, which

are common in patients who undergo proximal humeral

resection and reconstruction, were diminished in patients

who had synthetic mesh enhancement. The reported

frequency of shoulder instability, including proximal

migration, subluxation, and dislocation, after tumor pros-

thesis replacement without synthetic mesh reconstruction of

the proximal humerus ranges from 12% to 54.5% [3, 8, 12–

14]. In our study, in which all patients had an intact axillary

nerve, inferior instability or dislocation was not observed.

However, 1
.
3 of the patients without synthetic mesh recon-

struction (five of 15) had proximal migration of the

prosthesis, which is comparable to the frequency reported by

others [3, 14]. Studies in which synthetic mesh was used

around the proximal humeral prosthesis also have shown

conflicting results regarding joint stability. In two studies

[2, 9] from the same institute, the authors indicated that most

of the patients had a variable degree of superior subluxation

with the use of MersileneTM mesh to capture the humeral

head to contain the prosthesis and prevent subluxation. In

two other reports [15, 18], the subluxation rates were 43.6%

and 42%, respectively, with a Trevira1 tube surrounding the

proximal humeral prosthesis. Few patients in either study

had dislocations that required revision surgery. Marulanda

et al. [11] reported the best shoulder stability using an aor-

tograft mesh in 16 patients, only one of whom required

revision surgery for clinical and radiographic evidence of

anterior subluxation of the proximal humerus replacement.

Among our patients who underwent synthetic mesh recon-

struction, no proximal migration of the prosthesis was

observed during the mean followup greater than 40 months.

We believe a stable shoulder provided by use of synthetic

mesh is important for early rehabilitation and for maintaining

function of residual muscles in patients such as ours.

Our results suggest that patients with intraarticular

resection and endoprosthetic replacement of the proximal

humerus who have a preserved axillary nerve, rotator cuff,

and deltoid and who chose synthetic mesh for reconstruc-

tion had better shoulder function, greater active shoulder

ROM, and more joint stability than patients who did not

choose to have synthetic mesh reconstructions. The dif-

ference in outcome may be attributable to better soft tissue

ingrowth in the synthetic mesh, patient motivation, surgical

technique, or some combination of these factors. Based on

our findings, we now routinely use a mesh reconstruction

for these reconstructions in patients who have a preserved

glenoid, axillary nerve, deltoid muscle, and rotator cuff.
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