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Factors predicting the adhesion
and prolonged lost days of work
in patients with extensor tendon
adhesion of the hand
Gong Xiao1, Jinzhong Wang1, Ningjie Zhang1 and Juanjuan Hao2*
1Shaoxing Hospital of Traditional Chinese Medicine, Shaoxing, Zhejiang, China, 2School of Medicine,
Shaoxing University, Shaoxing, China
Objective: Extensor tendon adhesion receive less attention recently. This study
aims to analyze influencing factors of adhesion and prolonged lost days of
work in patients with extensor tendon adhesion of the hand.
Method: We performed a retrospective study in patients with extensor tendon
injuries who underwent primary surgical repair and early rehabilitation. We
observed the differences between non-tendon adhesion and adhesion patients
after surgical repair, and used the receiver operating characteristic curve to
distinguish them. Then we explored the influencing factors of adhesion. In
addition, we studied the lost days of work and the influencing factors.
Results: A total of 305 patients were included. 24.6% patients appeared tendon
adhesion and the mean lost days of work was 12 weeks. MHISS scores, VAS
scores, occupation and blood triglyceride level were the influencing factors of
adhesion. The adhesion patients have increased MHISS scores (p < 0.001), VAS
scores (p < 0.001), blood triglyceride levels (p < 0.001) and lost days of work
(p < 0.001) than non-tendon adhesion. The optimal cut-off value of blood
triglyceride level to distinguish non-tendon adhesion from adhesion was
1.625 mml/L, and MHISS scores was 20.5. Smoking, MHISS scores, blood
triglyceride levels were the influencing factors of lost days of work in adhesion
patients. There was positive correlation between lost days of work and
triglyceride level (r= 0.307, p= 0.007), and MHISS scores (r=0.276, p= 0.016).
Conclusion: To minimize the occurrence of adhesion, doctors should pay
attention to patients with higher MHISS and VAS scores, blood triglyceride
levels, especial for the blue-collar and unemployed one. High triglyceride level
may be a new influencing factor.
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1 Introduction

The tendon injury represents the second most common injury of the hand (after

fractures) (1). The extensor tendon injury accounts for 20% of the whole flexor and

extensor tendon injury of the hand. Extensor tendons are susceptible to damage because

of their relatively thin and soft tissue coverage (1). Early treatment of extensor tendon

injury is essential to clinical outcome (2–9). If tendon laceration or anomalies exist in the

extensor mechanism, surgical repair is warranted (10, 11). The formation of tendon

postoperative adhesion is a common clinical complication (12). Postoperative adhesion is

a natural process of surgical wound healing. However, unsuitable postoperative adhesion
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can cause adverse effects. Tendon adhesion can restrict tendon

movements such as tendon gliding and joint flexion.

As the sliding range of the extensor tendon was smaller than that of

the flexor tendon, and most of the tendons were located in the

subcutaneous tissue, surgical doctors usually think that extensor

tendon postoperative adhesion has less effect on mobility and

movement of hands. However, current clinical practice found that the

incidence of extensor tendon adhesion is increasing, and treatments

often fall into the vicious cycle of adhesion–release–adhesion, which

seriously affects the functional rehabilitation of patients. As patients

are usually working people, adhesion prolongs the lost days of work

and produces the substantial burden to the individual and society.

Extensor mechanism of hand is extremely intricate (13). But

extensor tendon injuries and adhesion receive less attention than

flexor tendon in the literature recently. A better understanding of

the variables that may contribute to the adhesion is helpful in

predicting the risks of poor outcomes and determining their

proper management. Several individual, injury, and work-related

factors may be associated with the adhesion (14).

Dyslipi demia (DLD) encompasses disorders of lipoprotein

metabolism, including overproduction of TC (i.e., hyperlipidemia),

low-density lipoprotein (LDL), and triglycerides (TGs) and/or

underproduction of HDL. Current evidence suggests that lipids can

accumulate in the extracellular matrix of tendons, leading to the

formation of lipid deposits altering mechanical properties and

increasing local inflammation (15, 16). Animal models display

reduced tendon elasticity, greater fatty infiltration, and poor tendon-

to bone healing (17–19). DLD is shown to be an independent risk

factor for tendon pathology. Recent studies reported that metabolic

factors play a role in the tendon injury (20). For example, Louis

J. Soslowsky reported that hypercholesterolemia has a detrimental

biomechanical effect on tendon healing in our rat rotator cuff injury

and repair model (21). It implies that we should use a more

comprehensive perspective and pay much attention to the metabolic

status of patients during tendon injury prevention. Actually, it has

never been explored in the tendon adhesion and even extensor

tendon adhesion till now. Our study would firstly take the metabolic

factors (such as triglycerides and cholesterol levels) into account.
FIGURE 1

Typical extensor tendon injury.
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This study firstly identified the sociodemographic and injury

characteristics of patients with extensor tendon injury of the hand

and has undergone the tendon repair with a four-strand modified

Kessler core suture. We observed the different features between the

non-tendon adhesion and tendon adhesion patients after surgical

repair, and used the receiver operating characteristic (ROC) curve to

distinguish them. Then we explored the influencing factors for the

occurrence of adhesion. With main interest in the metabolic factors,

other objective indicators (such as blood calcium levels), individual,

injury, and work-related factors would be considered together. In

addition, our study studied the lost days of work and the influencing

factors. Here we present our findings.
2 Materials and methods

A retrospective study was conducted, which included patients

with the extensor tendon injuries from January 2013 to June 2021.

All patients who underwent primary extensor tendon injury repair

using a four-strand modified Kessler core suture and early

rehabilitation by an experienced surgical team, and who had at

least a 12-month follow-up, were identified from medical records.

Exclusion criteria were severe comorbidities that may have

extensive influences on the lost days of work, phalangeal fractures,

nerve injuries, amputations, replantation, non-adherence to

treatment and incomplete data. Sociodemographic characteristics

included age at injury, gender, smoking/alcoholic status and

occupation status (blue-collar, white-collar and non-employment

groups). The clinical and injury characteristics included the cause

of injury, zone of injury, side of the injured hand, number of

involved tendons, distribution of fingers and tendons affected,

severity of injury, time of surgery, and number of lost days of

work. The objective laboratory indicators included white blood cell

level (WBC), albumin level, triglyceride level, cholesterol level,

calcium level, etc. All related clinical information was collected.

The severity of the injury: the Modified Hand Injury Severity

Score (MHISS) was used to evaluate the severity of the injury

(22). Patient medical notes of the injury that were recorded upon
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arrival at the emergency room, and those of the findings during

surgery, were reviewed. The MHISS value was classified as minor

(<20), moderate (21–50), severe (51–100), or major (>101).
2.1 Surgical technique

All extensor tendon repairs were carried out under general

anesthesia, local anesthesia, or brachial plexus anesthesia using a

four-strand modified Kessler technique with 4-0 polypropylene

(Figure 1). Rehabilitation Protocol: After surgery, use a volar

splint, immobilize the wrist in 30°–40° extension while using a

rubber band to stretch all interphalangeal joints. In the splint,

the fingers should be actively flexed, and passively stretched by

elastic traction. Passive flexion and active finger extension are

prohibited. In the first three weeks after surgery, the patients

were instructed to perform active flexion and passive extension

of the interphalangeal joints. After the stitches are removed,

massage the incision area. Active finger hook flexion and fist

formation in the splint started at the end of week 3; passive

finger extension exercises by elastic. The splint was removed at

the end of week 6 and active finger extension was started. After

week 7, start resistance exercise. Continue with edema control

and scar massage as needed.
TABLE 1 Patient characteristics and injury characteristics.

Overall patients No
n 305

Gender: Female/Male 68/237

Age (Mean ± SD), y 46.53 ± 14.45

Smoking history, n (%) 159 (52.1%)

Alcoholic, n (%) 22 (7.2%)

Occupation

White-collar workers, n (%) 20 (6.6%)

Blue-collar workers, n (%) 201 (65.9%)

Unemployed, n (%) 84 (25.5%)

Cause of injury

Crush injury n (%) 50 (16.4%)

Cut wound, n (%) 169 (55.4%)

Zone 1 injury, n (%) 100 (32.8%)

Zone 2 injury, n (%) 93 (30.5%)

Zone 3 injury, n (%) 91 (29.8%)

Number of involved tendons (Mean ± SD) 1.12 ± 0.5

The affected thumb, n (%) 280 (91.8%)

Time to surgery after injury (Median, IQR), d 1 (1–3)

Time of surgery (Median, IQR), min 35 (30–45)

Lost days of work (Median, IQR), w 7 (4–12)

MHISS scores (Median, IQR) 26 (18–31.5)

VAS scores (Mean ± SD) 2.8 ± 0.6

Wound type

Open wound, n (%) 200 (65.6%)

Closed wound, n (%) 10,534.4(%)

White blood cell levels (Median, IQR), ng/ml 6.4 ± 2.45

Blood calcium level (Mean ± SD), mmol/L 2.28 ± 0.12

Blood albumin level (Mean ± SD), g/L 45.3 ± 3.16

Blood triglyceride level (Median, IQR), mmol/L 1.26 (0.84–2.02)

Blood cholesterol level (Mean ± SD), mmol/L 4.69 ± 0.98

MHISS, modified hand injury scoring system; VAS, visual analogue scale; IQR, interqua
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2.2 Statistics

The SPSS 25.0 program (IBMCorporation, Armonk, NY,USA)was

used for the analysis. Sociodemographic and injury characteristics were

reported using descriptive statistics (mean, standard deviation, range,

number, and percentage). The Mann–Whitney U test, Student’s t-test,

and Chi-squared were used to compare continuous or nominal

variables between groups. A binary logistic regression model was used

to estimate influencing factors on tendon adhesion. The optimal cut-

off value was to distinguish tendon adhesion from non-tendon

adhesion using a receiver operating characteristic (ROC). The

maximum Youden index method was used to determine the best

critical value. A multiple linear regression model was used to estimate

influencing factors on the lost days of work. Spearman correlation was

used for relationship between clinical features. Statistical significance

was determined when p-value < 0.05.
3 Results

3.1 Patient characteristics and injury
characteristics

A total of 305 extensor tendon injury patients were included in this

study. Patients characteristics were shown in Table 1. Overall, the mean
n-tendon adhesion patients Tendon adhesion patients
230 75

54/176 14/61

46.86 ± 14.63 45.53 ± 13.94

122 (53.0%) 37 (49.3%)

14 (6.1%) 8 (10.7%)

17 (7.4%) 3 (4.0%)

169 (73.5%) 32 (42.7%)

44 (19.1%) 40 (53.3%)

35 (15.2%) 15 (20.0%)

129 (56.1%) 40 (53.3%)

71 (30.9%) 29 (38.7%)

76 (33.0%) 17 (22.7%)

65 (28.3%) 26 (34.7%)

1.12 ± 0.5 1.11 ± 0.5

210 (91.3%) 70 (93.3%)

1 (1–4) 1 (1–1)

35 (30–450) 35 (30–50)

6 (4–8) 12 (7–18)

26 (15–30) 30 (25–36)

2.71 ± 0.66 3.08 ± 0.27

145 (63.0%) 55 (73.3%)

85 (37.0%) 20 (26.7%)

6.73 ± 2.38 6.95 ± 2.63

2.29 ± 0.12 2.27 ± 0.1

45.3 ± 3.10 45.6 ± 3.35

1.71 (1.03–3.42) 1.2 (0.81–1.69)

4.63 ± 0.99 4.88 ± 0.93

rtile range; SD, standard deviation; y, year; w, week; d, day; min, minute.
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age was 46.53 ± 14.45 years, 237 (77.7%) patients weremale, 159(52.1%)

patients had Smoking history, and 22(7.2%) patients were alcoholics.

Blue-collar workers (65.9%) occupied the largest number of patients.

The most common cause of tendon injury is cut wound

(55.4%). Zone 1 injuries were most common (32.8%), followed

by zone 2 (30.5%). The thumb was most frequently affected

(91.8%), The mean number of involved tendons was 1.12. The

mean MHISS scores was 26(range 18–31.5). A total of 75

patients (24.6%) appeared tendon adhesions after the primary

repair. The mean lost days of work (delayed working time due to

injury) was 7 weeks (range 4–12).
3.2 Influencing factors of tendon adhesion
by the logistic regression model

To predict influencing factors of tendon adhesion, we used the

logistic regression model. In this model, the occurrence of tendon

adhesion was the dependent variable. A range of predictor variables

covers three main domains: Firstly, non-tendon injury related

factors were included. They were gender, age, etc. Secondly,

factors reflecting injury severity were included: MHISS scores,

VAS scores, number of involved tendons, etc. Lastly, we included

the objective indicators (such as blood triglyceride level). The

result of the logistic regression model was given in Table 2,
TABLE 2 Summary of the logistic regression model of tendon adhesions.

Variable Unstandardized
regression
coefficients
(95% CI)

Standard
error

p value

Gender

Male (reference) (Reference) (Reference)

Female 0.737 (0.743–5.879) 0.528 0.162

Age −0.026 (0.943–1.008) 0.017 0.131

Occupation

Unemployed (reference) (Reference) (Reference)

White-collar workers −2.278 (0.020–0.536) 0.844 0.007

Blue-collar workers −2.025 (0.063–0.276) 0.377 <0.001

Smoking history

Smoking history (reference) (Reference) (Reference) 0.447

Non-smoking history 0.194 (0.395–3.739) 1.371

Alcoholic

Alcoholic (reference) (Reference)

Non-alcoholic −1.150 (0.089–1.131) 0.649 0.077

Time to surgery after injury
(day)

0.003 (0.957–1.052) 0.024 0.894

Time of surgery (min) 0.015 (0.994–1.036) 0.011 0.175

Number of involved tendons −0.205 (0.360–1.848) 0.418 0.624

MHISS scores 0.060 (1.025–1.100) 0.018 0.001

VAS scores 2.274 (3.621–26.09) 0.504 <0.001

Blood white blood cell level
(ng/ml)

−0.044 (0.824–1.113) 0.077 0.569

Blood albumin level (g/L) −0.028 (0.848–1.114) 0.070 0.687

Blood triglyceride level (mmol/L) 0.418 (1.144–2.016) 0.145 0.004

Blood Calcium level (mmol/L) −2.511 (0.002–4.263) 2.021 0.214

Blood Cholesterol level
(mmol/L)

0.144 (0.784–1.702) 0.198 0.465

MHISS, modified hand injury scoring system; VAS, visual analogue scale.
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MHISS scores, VAS scores, occupation and blood triglyceride

level were the influencing factors.
3.3 Comparison between non-tendon
adhesion and tendon adhesion patients

Compared with the non-tendon adhesion patients, MHISS

scores, VAS scores, Blood Triglyceride levels and lost days of

work were increased in the tendon adhesion patients, and

the difference was statistically significant (p < 0.001, p < 0.001,

p < 0.001, p < 0.001 respectively). It was shown in Figure 2.
3.4 ROC curve for non-tendon adhesion
and tendon adhesion

The optimal cut-off value was to distinguish Tendon adhesion

using a receiver operating characteristic (ROC). The optimal

cut-off value of Blood Triglyceride level to distinguish

non-tendon adhesion from tendon adhesion was 1.625 mml/L,

with sensitivity of 86.7% and specificity of 42.2%. The optimal

cut-off value of MHISS scores to distinguish non-tendon

adhesion from Tendon adhesion was 20.5, with sensitivity of

58.7% and specificity of 73.5%.

The result was shown in Figure 3.
3.5 Influencing factors of lost days of work
in tendon adhesion patients

To predict influencing factors of Lost days of work in Tendon

adhesion patients, we used a multiple regression model. In this

model, Lost days of work was the dependent variable. A range of

predictor variables: gender, age, MHISS scores, VAS scores,

number of involved tendons, White Blood Cell level, Blood

Calcium level, Albumin level, Blood Triglyceride level and Blood

Cholesterol level, etc. The result of the multiple linear regression

model was given in Table 3. Smoking, MHISS scores, Blood

Triglyceride level were the influencing factors. Other factors did

not affect Lost days of work in Tendon adhesion patients

observed in this study.

Further correlation analysis showed that there was significant

positive correlation between lost days of work and Triglyceride

level (r = 0.307, p = 0.007), and MHISS scores (r = 0.276,

p = 0.016). It was shown in Figure 4.
3.6 Another correlation analyses among the
clinical features in the entire group of
tendon injury patients

We still performed a correlation analysis in the entire group of

tendon injury patients. It showed that there was significant positive

correlation between lost days of work and Triglyceride level

(r = 0.488, p < 0.000), and MHISS scores(r = 0.491, p < 0.000).
frontiersin.org
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FIGURE 2

Comparison between Non-tendon adhesion and tendon adhesion patients. #p < 0.01. (A) Comparison of the MHISS scores between the two groups;
(B) comparison of the VAS scores between the two groups; (C) comparison of the Blood Triglyceride levels between the two groups; (D) comparison
of the lost days of work between the two groups.
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And we found there was significant positive correlation between

MHISS scores and Triglyceride level (r = 0.304, p < 0.000). It was

shown in Figure 5.
FIGURE 3

ROC curve for non-tendon adhesion and tendon adhesion.
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4 Discussion

We conducted the present study to provide a better

understanding of the extensor tendon adhesion of hand, and the

potential contributors to adhesion. This study was observed by a

retrospective study for the first time. In the analysis, we

estimated the rate of adhesion formation to be 24.6%. We found

MHISS scores, VAS scores, occupation and blood triglyceride

levels were the influencing factors of tendon adhesion. The

tendon adhesion patients have higher MHISS scores, VAS scores

and blood triglyceride levels than non-tendon adhesion patients.

Especially the blood triglyceride level and MHISS scores can

provide reference value to distinguish non-tendon adhesion from

tendon adhesion.

The extensor tendons are flat, thin, and broad, making them

more prone to injury. The extensor tendons on the back of the

hand are superficial, have a high injury rate, and are prone to

adhesion to bone. Compared to the flexor tendons, the extensor

tendons are weaker and tend to be overstretched during active
frontiersin.org
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TABLE 3 Summary of the multiple linear regression model of lost days of
work in tendon adhesion patients.

Variable Unstandardized
regression

coefficients (95% CI)

Standard
error

p
value

Current smoker

Smoker (reference) (Reference) (Reference)

Non-smoker −5.524 (−10.448 to −0.600) 2.462 0.029

Blood triglyceride level
(mmol/L)

1.015 (0.036 to 1.994) 0.489 0.042

MHISS scores 0.275 (0.074 to 0.476) 0.100 0.008

MHISS, modified hand injury scoring system; CI, confidence interval.

Xiao et al. 10.3389/fsurg.2024.1304202
movement. Adhesion may occur when the tendons are injured for

any reason. In patients with severe tendon injuries, it is difficult to

avoid tendon adhesion after surgical repair. It may affect the sliding

of the tendon, even lead to the failure of the repair surgery. Patients

with higher VAS scores may be related to the severity of the tendon

injury. On the other hand, patients would be afraid of early

functional exercises because of the pain, which provides
FIGURE 4

Correlation analyses in tendon adhesion patients. (A) Correlation between th
days of work and MHISS scores.

FIGURE 5

Correlation analyses in the whole tendon injury patients. (A) Correlation betw
lost days of work and Triglyceride level; (C) correlation between the MHISS
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conditions for the formation of adhesion. Due to the nature of

work, blue-collar workers and unemployed people are more

prone to tendon injury than white-collar workers, as well as

tendon adhesion after surgical repair. When the triglyceride level

was higher, the blood flow would be slow, and the blood

circulation of the tendon would be affected, which affects the

heal of the tendons. Then the body needs to establish collateral

circulation from surrounding tissues to obtain nutrients, which

may be another cause of adhesion. In recent years evidence has

emerged for metabolic risk profiles to play a role in the

development of tendon injury. This increased risk of

tendinopathy and tendon ruptures may be due to overload

caused by obesity. Excessive fat promotes a release of cytokines

that might influence tendon metabolism or response to

microtrauma. Due to the limited sample size, we have not found

the abnormalities in cholesterol levels. But the abnormal

triglyceride levels also provide evidence that metabolism may

affect tendon adhesion.

In our study, the tendon adhesion patients also have longer lost

days of work, and we found smoking, MHISS scores, blood
e lost days of work and Triglyceride level; (B) correlation between the lost

een the lost days of work and MHISS scores; (B) correlation between the
scores and Triglyceride level.
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triglyceride level were the influencing factors. Further analysis

showed that there was positive correlation between lost days of

work and triglyceride level and MHISS scores. We still

performed a correlation analysis in the entire group of tendon

injury patients. It showed that there was significant positive

correlation between lost days of work and triglyceride level and

MHISS scores. Previous studies have suggested that the recovery

time for flexor tendon injuries is 50 days (23). In our study, the

mean time to return to work was 7 weeks for patients with

extensor tendon injuries, 6 weeks for non-adhesion patients, 12

weeks for patients with tendon adhesions. In this study, we

analyzed the reasons for the prolonged lost days of work in

patients with tendon adhesions. Besides MHISS scores and Blood

Triglyceride level, smoking was also one of the risk factors.

Smoking increases the concentration of carbon monoxide in the

blood, resulting in ischemic damage to vascular endothelial cells.

Smoking can make plasma low-density lipoprotein easily

oxidized, which can promote the migration of blood monocytes

into the endothelium and transform into foam cells. Foam cells

cause hardening of the arteries, affect the tendon metabolism and

blood circulation, and the tendon healing.

However, our findings are based on a relatively small number

of only 305 patients. The sample size was too small to confirm

the validity of our conclusions. Secondly, the data was obtained

from a single center; therefore, it is difficult to generalize our

results. In the future, we will verify the conclusion in a large-

sample, multi-center clinical trial and explore the mechanism of

tendon adhesion in animal model experiments.

To minimize the occurrence of adhesion, surgical doctors

should pay more attention to patients with high MHISS and

VAS scores, blood triglyceride levels, especial for the blue-collar

workers and unemployed one. High triglyceride level may be a

new influencing factor.
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