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To investigate the effects of early active motion versus early passive motion on functional recovery of 
repaired flexor digitorum tendon in Zone-II, and the feasibility of shear wave elastography in monitoring 
the tension of flexor tendons. Thirty-six patients were randomly divided into early active motion (n=18) 
and early passive motion (n=18) groups for accordingly treatments. Before treatment, Young’s modulus 
of flexor tendon was measured with shear wave elastography. The total active motion was evaluated at 4, 
8, 12, and 16 w post-operation. At 16 w; grip strength, pinch strength, adjusted Strickland’s classification 
and the disabilities of the arm, shoulder and hand score were assessed. At a 16-w follow-up, the total active 
motion (215.48±22.75°) and grip strength (21.07±5.84 kg) of the early active motion group was significantly 
higher than those (191.00±33.15° and 15.75±7.91 kg) early passive motion group (p<0.05). The repeated 
measurement method of the general linear model of total active motion showed that treatment protocol, 
time, and the interaction between two elements had significant effects on the functional results. According 
to the adjusted Strickland’s system, the good and excellent recovery rate was 100 % in the early active 
motion group and 76.1 % in the early passive motion group. Early active mobilization had better tendon 
gliding and excursion even with the two-strand repair as active motion will decrease adhesion formation, 
with significant difference compared with the passive group. No significant differences between these 
two groups were found in the pinch force and disabilities of the arm, shoulder and hand score. Young’s 
Modulus in active finger flexion was significantly higher than that of immobilization position, and it was 
lowest in passive flexion status (p<0.05). Early active motion contributes to better joint mobility and grip 
strength after Zone-II flexor tendon repaired. Application of shear wave elastography in monitoring flexor 
tendon tension appears feasible. 
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Over the last 50 y, the rehabilitation of patients after 
surgical repair of the digital flexor tendon in zone 
II has been evolving in an increasingly aggressive 
direction with the advancements in surgical techniques 
and equipment[1]. The post-operational rehabilitation 
protocol has evolved from complete immobilization 
to passive motion[2], place-and-hold[3] and synergistic 
motion[4], till recently proposed the Manchester short 
orthosis[5], and Saint John protocol[6]. However, there 
has been little agreement on exercise mode for repaired 
flexor tendon so far. Tang[1,7] promoted the early true 

active finger flexion through instructing patients after 
4-strand or 6-strand core suture repairs to flex fingers 
up to half of the full flexion range. Yet, a retrospective 
analysis that compared studies with early active versus 
passive exercise found no statistical difference of total 
active motion (TAM) in the trials with 12 w follow-
up[8]. There was a randomized controlled trial (RCT) 
showed that the place-and-hold exercises provided 
better outcomes than a passive motion for patients with 
flexor tendon repaired in zone II[9]. In a place-and-hold 
session, the affected digits were passively flexed by 
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unaffected hand, and then the patients were instructed 
to maintain the clenched fist by active contraction of 
the involved muscles[9]. Technically, the place-and-
hold exercise was not the true active motion of the 
affected hands. The controversy of previous studies 
might explain the reason why the conservative passive 
mobilization regimens were still popular in real clinical 
practice to date. There is an urgent need to address an 
RCT investigation on the efficacy and safety of the 
truly early active motion protocol[10].

Another reason for the popularity of conservative 
regimens could be attributed to the lack of methods 
to detect real-time tendon tension, which hindered 
the promotion of early active motion protocol due to 
safety concerns. Shear wave elastography (SWE), 
a quantitative and non-invasive technique, has been 
validated to estimate dynamic changes of tendon’s 
elasticity in real-time[11,12]. It can indirectly reflect 
instantaneous changes in the tension of the Achilles 
tendon under different tensile loads or in different 
positions[13,14]. However, no data upto date has been 
reported in its application in the flexor digitorum 
profundus (FDP) tendon. The attempt using SWE to 
measure the stiffness of the flexor tendon might provide 
a new method to monitor the tension generated on the 
tendon inside the wound. In this study, a randomized 
controlled trial was performed to compare the efficacy 
and safety of early active motion and passive motion in 

patients after surgical repair of Zone-II flexor tendons. 
Meanwhile, the elasticity of the FDP tendon was 
estimated under different immobilization positions and 
motion status using the SWE technique, to explore the 
feasibility of SWE in monitoring the tension of flexor 
tendons.

MATERIALS AND METHODS

Study design and participants:

The present study was a prospective parallel assessor-
blinded randomized control trial to examine the effects 
of early active motion (EAM) versus early passive 
motion (EPM) on functional recovery after digital 
flexor tendon repair in zone II. The ethics committee 
of Wuxi 9th Affiliated Hospital of Soochow University 
approved this study (Study number: KT2019002), 
and the trial was registered at the Chinese clinical 
trial registry (http://www.chictr.org.cn/index.aspx) 
with the unique identifier ChiCTR2000030592. From 
February to December 2019, patients who underwent 
surgically repair for Zone-II flexor tendon rupture 
using 4-strand modified Kessler core suture combined 
with epitendinous suture were enrolled in this study[15]. 

They were randomized into two groups after surgery 
but before beginning therapy, as demonstrated in the 
CONSORT (Consolidated Standards of Reporting 
Trials) (fig. 1). The random allocation sequence was 

 
Fig. 1: The randomization for the study is demonstrated in the CONSORT flowchart.
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patients were treated in out-patients’ clinic twice a w for 
16 consecutive w according to pre-fabricated protocols. 
No patients dropped out at 16 w follow-up. The average 
age of the patients was 38.7±12.8 y, ranging between 
17 and 72 y. There were 23 male patients and 13 female 
patients. Twenty four patients had injuries involving the 
dominant hand. No significant demographic differences 
were found between the groups (age, sex, education 
level, injured fingers, and hand dominance).

EAM and EPM protocols:

In the EAM protocol, the plaster was replaced by 
a thermoplastic dorsal forearm-based orthosis to 
fix the wrist in the neutral position, 30° flexion 
of metacarpophalangeal (MP) joint, and straight 
interphalangeal (IP) joint in 3 to 5 d after surgery  
(fig. 2A). The patients were instructed to perform a set 
of sequential movements: passive flexion of the MP 
and IP joints to the fist position, and subsequent active 
extension of the fingers to the orthosis limit position; 
partial active finger flexion: gently flex fingers within 
half of the range of motion, and stop when encountering 
resistance; anti-blocking exercise: extension of the 
IP joint to the neutral position while keeping the MP 
joint flexed; a circular movement of the wrist joint 
while maintaining a passive fist. The orthosis would 
be removed during exercise, which was performed  
30 repetitions per set, 4 sets each d. After 2 w, patients 
began to do slight active finger flexion beyond the first 
1/2 range of motion under the therapist’s supervision.

In the EPM protocol, the wrist was fixed at 20° flexion, 
the MP joint at 60° flexion, and the IP joint at 0° using 
the orthosis (fig. 2B). The patients were prescribed with 
passive exercises within 3 to 5 d after the operation, 
including: keeping the MP joint at 90° flexion, and 
doing passive flexion and active extension of the distal 
and the proximal IP joint respectively; passive flexion 
of all fingers to full-fist position and subsequent active 
digital extension in orthosis.

Patients from both groups were instructed to elevate 
the affected limb, while the retrospective massage 
and compression wrap (Coban, 3M, Minnesota, USA) 
were applied to control swelling. When the suture 
was removed two w after surgery, the hand therapist 
initiated the instruction of scar treatment. After four 
w, all patients in both groups were allowed to perform 
light active flexion exercise and active wrist exercises. 
Progressive resistance exercises and blocking exercises 
were allowed after six to eight w. If patients had 
extension lag in their PIP joints, an extra extension 

generated using the Excel RAND function. Then 
research coordinator performed the randomization by 
allocating patients into the EAM or EPM group based 
on the sequence. Written informed consent was obtained 
from each patient at the same time. Treatments were 
performed by two therapists, each with more than three 
y of experience in hand therapy. Two physicians from 
the rehabilitation department performed the follow-
up process. Therapists and physicians were trained 
separately before the trial to ensure the consistency 
of treatment and evaluation. The SWE measurements 
were performed by a sonographer with more than five 
y experience.

Inclusion and exclusion criteria:

Patients were considered eligible if they were: aged 
between 16 and 75 y; post-operational with complete 
laceration of Zone-II flexor digitorum profundus (FDP) 
tendon, with or without laceration of flexor digitorum 
superficialis (FDS) tendon; eligible for end-to-end 
repair because of minimal deficit of the tendons; in 
compliance with regular outpatient visits and follow-
ups; willing to sign the informed consent and participate 
in the trial. Cases with the following conditions were 
excluded: tendon injury located outside of the zone-II 
area; finger crush injuries with bone fracture, extensor 
tendon, and arterial injury, or other injuries of the same 
upper limb; delayed repairs over two w; cases requiring 
tendon transplantation or suture with high tension due 
to defection of repaired tendon; congenital dysplasia or 
deformity of the injured hand; mental illness or poor 
compliance.

Sample size calculation:

The sample size was estimated based on a two-
sample independent t-test, using the freeware program 
G*Power, version 3.1. The effect size was calculated 
to be 1.19, according to the results of Trumble’s 
research[16]. At least 28 cases were required to reach a 
statistical power of 90 % under the circumstance of a 
significant threshold being p=0.05. With 20 % of the 
dropout rate taken into account, the minimal sample 
size was 35 cases.

Demographic data:

A total of 58 patients were screened during the study 
period, and 36 patients met the inclusion criteria and 
were enrolled. Eighteen patients (25 fingers) were 
enrolled in the EAM group, and eighteen patients  
(21 fingers) were enrolled in the EPM group. Each 
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mobilization orthosis was used at night (fig. 2C). In the 
10th w, the daily use of the injured hand was allowed 
for light works, and heavy works started after 12 w  
(fig. 2D).

Outcomes:

The total active motion (TAM) was measured using a 
Jamar™ goniometer at 4, 8, 12, and 16 w after surgery. 
The flexion and extension angles of the distal/proximal 
IP (DIP / PIP) and MP joints were measured at the active 
grip and finger extension positions, respectively. TAM 
was calculated with the following formula: TAM=total 
digital flexion (MP+PIP+DIP)-total digital extension 
lag (MP+PIP+DIP).

Based on the overall active range of motion (AROM) of 
the PIP and DIP joints, the proportion of fingers achieved 
excellent or good grade was calculated according to 
the adjusted Strickland’s system, and extension lag of 
PIP joint was observed and recorded for each finger. 
At 16 w after surgery, the grip strength was measured 
using the Jamar™ dynamometer, while the patient was 
seated with his/her shoulder adducted, elbow flexed 
at 90°, and forearm in a neutral position. Meanwhile, 
the tip pinch was measured using the Jamar™ pinch 
gauge. The percentage of the grip or pinch strength on 
the contralateral side was calculated to eliminate the 
effect of individual differences. The patients were 
requested to fill out the validated Disabilities of the 
Arm, Shoulder and Hand (DASH) questionnaire at  
16 w after surgery[17]. The DASH score is a thirty-

question survey that evaluates symptoms and 
function in patients with up-extremity disorders, with 
scores ranging from 0 (normal) to 100 (completely 
disabled)[18].

Shear wave elastography measurement:

On the first d of the post-operational intervention, 
Young’s modulus of flexor tendon[13] was measured using 
Supersonic Aixplorer system (Supersonic Imagine, Aix-
en-Provence, France)[14] with a 4 to 15 MHz frequency 
linear array probe to explore the feasibility of the SWE 
technique in detecting the tension of FDP tendons. The 
patient took a sitting position, placed the affected hand 
on an orthosis with the palm facing upwards, the elbow 
flexed and the forearm supinated. After identifying the 
target flexor tendon on the transversal section in zone 
V (fig. 3A), the sonographer switched the probe to 
the longitudinal section of the tendon. When obtained 
a stable and clear image of the target flexor tendon, 
the system was guided to a shear wave elastography 
procedure, and the sampling frame was located to 
cover the upper and lower boundaries of the tendon. 
The Q-BOX with a diameter of 2 mm was placed on 
the left, middle and right part of the flexor tendon in the 
sampling frame in order (fig. 3B). The Aixplorer system 
automatically calculated the average Young’s modulus. 
The methods as mentioned above were used to measure 
Young’s modulus of the target flexor tendons at the 
following positions: orthosis-immobilized position; 
active finger flexion position (EAM group) and passive 
full-fist position (EPM group).

 
Fig. 2: (A) Dorsal forearm-based orthosis with the wrist in the neutral position, 30° flexion of MPJ and straight IP joints; (B) 
Orthosis with the wrist at 20° flexion, 60° flexion of MPJ and straight IP joints; (C) Extension mobilization orthosis for PIP joint; 
(D) Four mon after operation, patient of EAM group demonstrates full active motion.
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three cases in the EPM group. The adjusted Strickland’s 
system was used to categorize the recovery of affected 
finger function based on the range of motion of distal 
and proximal IP joints. The excellent rates are 100 % in 
the EAM group and 76.1 % in the EPM group. The grip 
strength, pinch strength, and DASH of the EAM group 
were higher than those of the EPM group, but only 
the grip strength (grip strength ratio) was statistically 
significant between groups (TABLE 2).

Patients in both groups were measured for TAM at four-
time points: 4 w, 8 w, 12 w, and 16 w after surgery. Data 
were tested using a general linear model of repeated 
measurement design. The time factor was four-time 
points, and the treatment program referred to EAM and 
EPM. The results showed that both the time factor and 
the treatment program affected the treatment effect of 
TAM, and the differences were statistically significant 
(TABLE 3). At the same time, there was an interaction 
effect between time and treatment programs.

The orthosis-fixed position in the EPM group was at 
wrist flexion of 20° and the MP flexion of 60°, while 
that in the EAM group was a neutral wrist position 
and an MP flexion of 30°. In these two positions, there 
was a significant difference in Young’s modulus of the 
repaired FDP tendons. Young’s modulus of the FDP 

Statistical analysis:

All statistical analyses were performed using the SPSS 
22.0 software (IBM Corporation). For the functional 
parameters (TAM, grip strength ratio, pinch strength 
ratio, and DASH score) at 16 w after surgery, normal 
tests and homogeneity tests of variance were performed 
before independent t-tests. The functional grading by 
adjusted Strickland’s system of the two groups was 
tested using a cross-tab chi-square test. Repeated 
analysis of variance was performed for TAM at 4, 8, 
12, and 16 w after the operation. The follow-up time 
was considered as an intra-group factor, and different 
treatments were analyzed as inter-group factors. The 
F value and p value of the Roy’s Largest Root test[19] 
in the multivariate test were directly adopted as the 
result if the data were consistent with Mauchly’s test of 
sphericity[20], otherwise, the values were corrected by the 
Greenhouse-Geisser method[21]. The Young’s modulus 
of FDP tendon was collected in orthosis-fixed position 
and active/passive finger flexion status, respectively. 
Data were expressed as mean±standard deviation (SD). 
Differences in Young’s modulus of flexor tendons 
between groups in orthosis-fixed position and finger 
flexion status were compared using independent sample 
t-test. p<0.05 was considered statistically significant.

RESULTS AND DISCUSSION

At the 16 w follow-up, there were no adverse events 
or secondary lacerations. As shown in TABLE 1, there 
was no significant difference in TAM recovery between 
the two groups at four w post-operation. At 8, 12, 16 w, 
the TAM recovery of the EAM group was significantly 
higher than the EPM group. Both groups had extension 
lag in the PIP joint, with two cases in the EAM group and 

 
Fig. 3: (A) Transverse section of ultrasound FDP tendon image in zone V. I: FDP of index finger; M: FDP of middle finger; R: FDP of 
ring finger; L: FDP of little finger. (B) Shear wave elastography measures in longitudinal section of ultrasound FDP tendon image in 
zone V. The color-coded boxes on FDP tendon were the regions of interest for quantitative measurement. There were three different 
spots selected manually to measure Young modulus values using Q-Box, and the mean elasticity calculated automatically. FDP: 
Flexor Digitorum Profundus; PQ: Pronator Quadratus; *Q-Box

n* Times EAM (n=25) EPM (n=21) p-value
TAM (°) 4w 177.68±19.28 163.81±28.06 0.054

8w 191.24±19.51 172.86±29.52 0.015*

12w 202.48±20.58 181.95±31.27 0.011*

16w 215.48±22.75 191.00±33.15 0.005**

TABLE 1: A COMPARISON OF TAM BETWEEN THE 
EAM AND EPM GROUPS AT MULTIPLE FOLLOW-
UPS

*n: number of fingers; p<0.01；*p<0.05.
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tendon was 351.42 kPa at partial active finger flexion 
status in the EAM group, which was significantly 
higher than that of passive finger flexion status in the 
EPM group (fig. 4). 

Our study showed that patients in the EAM group had 
better functional recovery than those in the EPM group 
on total active motion (TAM) and functional grading by 
adjusted Strickland’s system. The TAM of the affected 
fingers after surgery was measured at multiple time 
points, and the repeated measurement method of the 
general linear model was used for analysis. The results 
showed that the treatment plan, time factor, and the 
interaction between these two elements had significant 
effects on functional recovery. The beneficial impact 
of digital function in the EAM group was observed, 

but not significant at four w after surgery, and the 
effect increased over time. These findings support 
the implementation of EAM as a post-operational 
rehabilitation protocol for patients with flexor tendon 
repaired in zone II.

However, researches conducted by Rigo[22] and Frueh[8] 
demonstrated an opposite result that active motion 
in the early phase post-surgery did not improve the 
overall long-term outcomes when compared with 
passive protocols. These controversy results could be 
interpreted as follows. In this present study, there was a 
small change in the immobilization position compared 
with the aforementioned researches, that the wrist and 
MP joints were placed in a slightly extended position 
in the EAM group. The increase of flexion angle of 

EAM (n=18) EPM (n=18) p-value
Grip strength (kg) 21.07±5.84 15.75±7.91 0.028*

Ratio of grip strength (%) 78.33±19.63 60.89±24.71 0.025*

Pinch strength (kg) 7.95±3.40 7.38±3.94 0.647
Ratio of pinch strength (%) 69.94±19.76 63.17±25.38 0.378
DASH 3.20±1.98 4.44±2.17 0.081
Extension Lag 2 (8 %) 3 (19 %) 0.266
Adjusted Strickland’s system
Excellent 10 (40 %) 4 (19 %)

0.013* (χ2 for trend)
Good 15 (60 %) 12 (57.1 %)
Fair 0 (0 %) 4 (19 %)
Poor 0 (0 %) 1 (4.9 %)

TABLE 2: FUNCTIONAL PARAMETERS IN THE EAM AND EPM GROUPS AT 16 W

**p<0.01； *p<0.05.

variable F p-value

TAM
time 236.72 < 0.001**

time*treatment 6.21 0.001**
treatment 6.61 0.014*

TABLE 3: REPEATED ANALYSIS OF VARIANCE OF TAM

**p<0.01；*p<0.05.

 Fig. 4: Young’s modulus at different positions in both groups. **p<0.01; *p<0.05.
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and active-extension sequential motion in the EAM 
group to reduce the viscous resistance via the warm-
up of passive activities, which increased the motion 
range of active digital flexion and decreased the risk of 
secondary ruptures.

The EAM group showed beneficial effects both in 
grip strength and grip strength ratio, indicating that 
EAM was crucial in protecting muscle function of 
extrinsic flexors in the forearms. However, there was 
no significant difference in pinching strength and 
pinching strength ratio between the groups. A plausible 
explanation may be that the primary dynamic muscles 
of pinching motion were the intrinsic muscles of the 
hand, and the injury of the digital flexor tendon may not 
directly affect the function of the intrinsic muscles. The 
DASH score of the EAM group was superior to that in 
the EPM group, but with no statistical significance[30].

Shear wave elastography, a non-invasive, real-time and 
quantitative method, provided a reference for changes 
of tensions in flexor tendons by measuring the stiffness 
of flexor tendons. In the EAM group, the stiffness of 
the tendon was the highest during the partial active 
finger flexion, which was 351 kPa. When the affected 
hand was immobilized with an orthosis, the increase 
of tension in the flexor tendon could be induced by 
the extension of the wrist and fingers. By contrast, the 
flexor tendon was relaxed entirely in the passive finger 
flexion position, and the value of Young’s modulus was 
at its lowest. These findings supported the feasibility 
of SWE in monitoring the tension of flexor tendons as 
it could discriminate different position and dynamics 
of the flexor tendons. Further studies focusing on the 
relationship between stiffness and tension of FDP, as 
well as the safety threshold of Young’s modulus was 
therefore warranted.

This study is an RCT research to examine the effect 
of the truly active exercise rehabilitation program. 
Results of our study proved that early partial active 
finger flexion after flexor tendon repair is safe and 
effective, and it is superior to early passive motion both 
in range of digital motion and grip strength. Therefore, 
EAM should be recommended in post-operational 
patients with complete laceration of Zone-II flexor 
tendon. Additionally, the application of shear wave 
elastography in detecting flexor tendon tension appears 
feasible, although further validation is still needed.
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wrist and MP joints, which would reduce the tension of 
flexor tendon, might also reduce the efficiency of flexor 
tendon gliding distance. This postulation would explain 
why only simply add active motion in modified Kleinert 
protocol could not achieve better hand function.

Fundamental researches in recent y have shown that 
the healing of tendons incorporates two processes, 
an extrinsic healing process and an intrinsic one[23]. 
Extrinsic healing procedure promotes the invasion of 
fibroblasts and stimulates the formation of adhesion 
between the tendon and the surrounding tissues. By 
contrast, the intrinsic healing procedure promotes the 
formation of type I collagen, facilitates rearrangement 
and cross-linking of collagen inside the tendon, and 
increases the strength of tendons[24]. The application 
of proper tension on the repaired tendon promoted the 
intrinsic healing procedure and limited the extrinsic 
healing procedure, to enhance the integrity of the 
repaired tendon and prevent the formation of tendon 
adhesion[25]. Thus, active motion and immobilization in 
slightly extension position may contribute to beneficial 
functional recovery in post-operational patients with 
complete lacerations of flexor tendons in zone II via 
maintaining proper tension in the compromised tendons.

It was worthwhile mentioning that the therapist 
needed to be aware of the postoperative swelling and 
scar formation, and corresponding treatment should 
be emphasized in the whole procedure, such as 
edema control and scar massage. Primarily attention 
should be focused on swelling in the first two w, and 
exercise movement in both groups should be adjusted 
individually according to the degree of swelling.

Previous clinical studies on flexor tendon repair 
showed that the incidence of secondary rupture ranged 
from 0.9 % to 5 %, with active rehabilitation program 
higher than passive ones[26-29]. There was no secondary 
rupture observed in both groups in the present study, 
which demonstrated the safety of both treatment 
regimens. Based on our experience, we provided a few 
recommendations to ensure the safety of treatments. 
Firstly, patients’ understanding and compliance should 
be fully considered before treatment. For instance, 
patients in the EAM group should stop the partial 
finger active flexion immediately, when they encounter 
resistance, to prevent rupture of repaired flexor tendon 
caused by excessive tension. Therefore, patients need 
to have a sufficient understanding to perform partial 
finger active flexion for safety concerns of rehabilitation 
treatment. Secondly, we adopted the passive-flexion 
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