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Abstract

Background: Proximal hamstring injuries involving the biceps femoris-semitendinosus (BF-ST)
conjoint tendon (CT) often exhibit delayed healing, yet the prognostic significance of CT involvement
and intratendinous injury morphology has not been fully clarified. This study aimed to determine
whether full-layer CT injury and intratendinous patterns, particularly in Zone C, prolong return-to-
play (RTP) in competitive rugby athletes. Methods: This prospective study evaluated 41 university
rugby players with acute BE-ST complex injuries using clinical examination, ultrasonography, and
MRI. Injuries were classified by Type (I: full-layer CT; II: BFLH-only; III: ST-only), Zone (A-E), and
Grade (0-3). RTP was defined as unrestricted return to team training or match play. Group
differences were analyzed using ANOVA or non-parametric tests with appropriate post-hoc
corrections. Results: Type I injuries required significantly longer RTP (11.4 + 4.8 weeks) than Type II
(5.3 = 2.4 weeks) and Type III (4.0 + 1.7 weeks), confirming the strong impact of CT involvement on
prognosis. In Zone C, bilateral involvement of both BFLH and ST —representing an intratendinous
pattern—led to markedly prolonged RTP compared with unilateral BFLH-side injuries, indicating
that intratendinous tissue disruption strongly influences recovery. Within Type I, Zone A (origin
detachment) showed the longest RTP (20 weeks), and increasing Grade was associated with longer
recovery time. Conclusions: Full-layer CT injuries, particularly intratendinous patterns and bilateral
involvement in Zone C, significantly prolong RTP compared with isolated BFLH or ST injuries. A
classification system that distinguishes CT involvement and intratendinous morphology provides
clinically valuable prognostic information and may enhance RTP decision-making in athletes.

Keywords: hamstring injury; conjoint tendon; biceps femoris—semitendinosus complex (BF-ST
complex); musculotendinous junction (MT]); intratendinous injury; return to play (RTP); magnetic
resonance imaging (MRI); athlete rehabilitation

1. Introduction

Hamstring injuries are a frequent and persistent problem in competitive sports and have long
been recognized as a major cause of time-loss [1]. Epidemiological studies have shown a continuous
increase, with professional football demonstrating a yearly rise in incidence, and hamstring strains
now accounting for nearly one-quarter of all injuries [2]. Although eccentric strengthening can reduce
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occurrence [3] and the mechanisms and risk factors have been increasingly clarified, hamstring
injuries remain a significant clinical and performance challenge [4-6].

Among hamstring muscle tears, the ST-BF complex is drawing attention because injuries
spanning from the origin at the ischial tuberosity to the muscle-tendon junction are frequent and
require a long recovery time for return to play (RTP) [7-11]. Anatomically, the semitendinosus (ST)
and BFLH share a common origin at the ischial tuberosity, forming the conjoint tendon (CT), whereas
the semimembranosus (SM) arises separately [12-16]. The CT represents a structurally unique
tendinous unit bridging the medial and lateral hamstrings and transmits tractional forces from both
muscles during hip extension and knee flexion.

Recent biomechanical and electromyographic studies have highlighted the unique loading
environment of this region. BFLH activation increases markedly during the acceleration phase of
sprinting, whereas ST activation increases at top speed, demonstrating phase-dependent functional
differences between the two muscles [17]. Furthermore, during the terminal swing phase and initial
ground contact, the BFLH generates an external-rotation moment while the ST generates an internal-
rotation moment, creating opposing tensile forces that converge on the CT [18]. Muscle functional
MRI studies have also shown that hip extension relies more on the BFLH and SM than on the ST,
supporting the biomechanical vulnerability of the CT during high-speed movements [19]. These
opposing loading patterns suggest that when the CT is injured, realignment of tendon fibers during
healing may be disrupted, predisposing the region to delayed recovery and re-injury.

Previous imaging and anatomical studies have further described the structural vulnerability of
the CT region. Forlizzi et al. stated that the biceps femoris tendon and semitendinosus tendon fuse to
form the common tendon and investigated the severity classification of CT injuries on MRI, as well
as return to play (RTP) and patient-reported treatment satisfaction [20]. Rubin et al. [21] reported that
avulsion injuries from the ischial tuberosity most frequently involve the conjoint tendon rather than
the biceps femoris alone. Azzopardi et al. [22] demonstrated that the angle of the CT’s origin may
predispose it to increased strain. These anatomical observations support the hypothesis that CT
injuries represent a distinct clinical entity [20-22]. We previously described the ultrasound
morphology of the proximal hamstring originate tendon [23], providing preliminary structural
insights relevant to proximal hamstring injuries. However, despite growing recognition of the CT’s
structural and biomechanical role, few clinical studies have specifically examined the prognostic
impact of CT involvement on recovery time. Although past classifications, such as the Munich
Consensus [24]and the BAMIC system [25], have helped standardize the description of hamstring
injury morphology, none distinguish CT injury as a unique pathological category. The prognostic
relevance of injury location—tendon origin (Zone A), free tendon (Zone B), and the proximal
musculotendinous junction (Zone C)—also remains insufficiently understood.

To date, no study has directly compared recovery times for ST injuries without CT involvement,
BFLH injuries without CT involvement, and full-layer CT injuries involving both muscles. We
hypothesized that injuries involving the ST-BFLH conjoint tendon are associated with longer RTP
compared with injuries limited to either the BELH or ST alone. We also hypothesized that differences
in recovery time between unilateral and bilateral injuries would vary at the musculotendinous
junction of the CT. Therefore, we performed detailed MRI-based classification of proximal hamstring
injuries in university rugby athletes by Type (conjoint tendon vs BFLH-only vs ST-only), Zone (A-
E), and Grade (0-3), and compared RTP outcomes across these categories.

2. Methods

2.1. Participants

This prospective study involved male university rugby league players who presented to our
clinic with posterior thigh pain initially suspected to be hamstring strains. The study period extended
from September 2020 to April 2025. After detailed medical history taking, players with no prior
hamstring strain in the same region were included.
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Individuals with a previous hamstring muscle strain in another region were included if more
than one year had elapsed since full recovery. Athletes with a history of muscle strain in the
contralateral leg or treatment for other injuries were also included provided they had achieved
complete recovery.

Exclusion criteria comprised cases in which a direct external force may have been applied and
individuals with a history of anterior cruciate ligament (ACL) reconstruction using hamstring tendon
grafts.

2.2. Diagnosis

Diagnosis was based on physical examination, ultrasonography (US), and MRI evaluation. The
diagnostic procedure was as follows:

Physical examination: visual inspection, palpation, assessment of joint range of motion,
identification of the site of pain by resisted muscle contraction, and detection of extension pain using
the Straight Leg Raising test.

Ultrasonography: US was performed primarily at the site of pain using a short-axis technique,
followed by long-axis evaluation.

MRI: All athletes suspected of having a hamstring muscle tear based on physical examination
and ultrasound underwent MRI, and the final diagnosis was confirmed by two physicians with more
than 20 years of experience.

Inclusion of SM injuries: Cases involving isolated semimembranosus (SM) injury identified by
MRI were included solely for frequency analysis. The present study on return-to-play (RTP) timing
focused exclusively on injuries affecting the BF-ST complex (BFLH, BFSH, ST).

2.3. Zone and Type Classification of BF=ST Complex

Focusing on the conjoint tendon, the following Zone and Type classifications were applied. The
conjoint tendon was divided into Zones A—-C based on its detachment from the ischium, representing
various patterns of musculotendinous junction injury. In Zone C, the injury location was further
classified as ST-side, BFLH-side, or involving both.

IT : ischial tuberosity
ne A ¢ :
Z.O... e BELH :biceps femoris.long head
ST: semitendinosus
CT: conjoint tendon
Zone B MTJ: musculotendinous junction
Conjoint
Tendon
Zone C = Conjoint tendon detach from
Ischial tuberosity (Zone A}
Type | : Red lightening
o = Conjoint tendon tear(Zone B)
Conjoint tendon
. « Bilateral side injury of the
full layer injury conjoint tendon (Zone C)
= Damage to the BFLH side of
: the conjoint tendon (Zone C)
Zone D Type i : Green lightening
* BFLH injury
BF injury
= Damage to the ST side of the
conjoint tendon (Zone C)
UUNUUURIN  E—— Typo il :Blus lightening
= 5Ti
Zone E ST injury L

Figure 1. Type classification of BF-ST complex injury.

Injury Site (Zone)
A: Osteotendinous junction
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Injury involving detachment of the conjoint tendon from the ischial tuberosity.

B: Conjoint tendon injury

Injury from the ischial tuberosity extending to just before the start of the BFLH
musculotendinous junction.

C: Proximal musculotendinous junction injury

Injury to the musculotendinous junction of the conjoint tendon: BFLH-side, ST-side, or both.

D: Intermuscular and myofascial junction

Injury at the intermuscular or myofascial junction between BF and ST muscles.

E: Distal musculotendinous junction and distal tendon injury

Injury at the distal musculotendinous junction or distal tendon of BF or ST.

Severity (Criticality) Classification

Grade 0: Pain and physical findings present but no abnormalities detected on MRI.

Grade 1: Mild injury with a small hematoma or a limited tear.

Grade 2: Moderate injury with a short discontinuity of the injured tendon and mild tendon
waviness or distal tearing.

Grade 3: Severe injury characterized by marked tendon tortuosity resulting from loss of tension
due to rupture, large discontinuity surfaces, and significant retraction.

2.4. Return-to-Play Assessment

Return to competition was defined as the point at which the player fully rejoined team training
or participated in a match. RTP time was compared across the different Types.

Among Type 1 proximal conjoint tendon injuries, differences in RTP were analyzed according
to injury site and severity. In Zone C injuries, RTP time was compared for each Type.

Type |
Bilateral side injury

Conjoint *"*"{

Tendon
Zone C
Type |l
BFLH side injury
Zone D
Type Il
......... ST side injury
Zone E
T : ischial tuberosity
BFLH :biceps femoris long head
ST: semitendinosus
CT: conjoint tendon —
MTJ: musculotendinous junction

Figure 2. Determination of unilateral or bilateral involvement in Zone C (muscle-tendon transition zone).

2.5. Statistical Analysis

Statistical analyses were performed using SPSS Statistics (Version 27; IBM Corp., Armonk, NY,
USA). Normality of RTP time (weeks) for each group was assessed using the Shapiro-Wilk test, and
homogeneity of variance was evaluated using Levene’s test.

If equal variances were confirmed, one-way analysis of variance (ANOVA) was used; if not, the
Kruskal-Wallis test was applied.

Post-hoc comparisons were conducted using the Mann-Whitney U test with Bonferroni
correction. Statistical significance was set at p < 0.05.
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2.6. Ethics Approval

Ethics approval was obtained from the institutional clinical research ethics committee of Waseda
University. All participants were informed about the purpose and details of the study prior to
enrollment, and written informed consent was obtained from each participant.

3. Results

A total of 41 male university rugby players were included in the final analysis. Initially, 68
athletes with acute proximal hamstring injuries were screened. Among these, four players with
bruises, eight players with a previous hamstring strain on the same side, and two players who had
undergone ipsilateral hamstring tendon harvest for anterior cruciate ligament (ACL) reconstruction
were excluded. MRI examinations were performed within seven days of injury using 1.5- or 3.0-Tesla
scanners. Thirteen of the 54 cases involved isolated semimembranosus (SM) injury. After these
exclusions, 41 players with proximal injuries involving the biceps femoris—semitendinosus (BF-ST)
complex were included in the final cohort. No cases demonstrated combined injury involving both
the SM and the BF-ST complex.

The mean age at the time of injury was 20.4 + 1.3 years (range, 18-23 years). The cohort included
26 backs (63%) and 15 forwards (37%). Most injuries occurred during running or sprinting.

3.1. Comparison of RTP Time by Type

Type I (conjoint tendon injury) had a mean return-to-play (RTP) duration of 11.4 + 4.77 weeks,
which was significantly longer than Type II (BFLH-only injury) and Type III (ST-only injury). There
was no significant difference between Type II and Type III (p = 0.45) (Table 1).

Table 1. Type-specific RTP period (weeks; mean + SD).

Type N Mean + SD (weeks) p-value vs Type I
I 20 114+48 —
1I 18 528 +24 <0.001
111 3 400+1.7 <0.001

3.2. Zone C Injury Analysis

In Zone C, which corresponds to the proximal musculotendinous junction, five cases involved
injuries extending to both sides of the conjoint tendon. Unilateral BFLH injury was the most common
pattern, occurring in 11 cases. There were no cases of unilateral ST injury. The time to return to play
was longer for injuries extending to both sides of the conjoint tendon than for unilateral BFLH
injuries.

Table 2. Comparison of RTP Times for Injuries in Zone C.

Group N Mean (weeks) SD t(df) p-value
Bilateral side injury 5 11.0 3.8
BFLH side injury 10 6.1 2.7 2.6(7.2) 0.042 *

ST side injury None — — —

*Independent samples t-test with Welch’s correction. *p < 0.05.

3.3. RTP Analysis in Type I Injuries

When Type I cases were analyzed by Zone (A/B/C) and Grade (1-3), significant differences were
observed for both comparisons (p = 0.041 by Zone; p = 0.038 by Grade). Zone A (Grade 2, mean 20.0
weeks) had a significantly longer RTP time than Zones B and C (p <0.05). Grade 3 (mean 13.67 weeks)
also showed a significantly longer RTP time compared with Grades 1 and 2 (p <0.05).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Additionally, in Type I, Zone A demonstrated a longer RTP time than Zones B and C when
comparing Grade 2 injuries (Table 3).

Table 3. Duration of RTP by Zone and Grade for Type I Injuries (weeks; mean + SD).

Zone Grade N Mean + SD (weeks)
A 2 1 20.0 + —
B 1 2 75+0.7
B 2 8 9.3 +2.
B 3 6 13.7+6.5
C(Bl'lajceral side ’ 3 127425
injury)

4. Case Presentations

4.1. Case 1. Type 1/ Zone A (Conjoint tendon detachment), Grade 2

A 20-year-old lock (FW) stepped to evade an opponent while running with the ball and
experienced a sharp tearing sensation in the posterior thigh near the origin. He returned to
competition after 20 weeks.

Figure 3. Case 1 MRI images: Conjoint tendon detachment, Type L.

4.2. Case 2. Type I/ Zone B (Conjoint tendon tear), Grade 3

A 20-year-old flanker (FW) experienced sharp twisting pain during a 30-m sprint drill while
running at top speed. He returned to play after 14 weeks.

Figure 4. Case 2 MRI images: Conjoint tendon tear, Type I.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.1958.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 November 2025 d0i:10.20944/preprints202511.1958.v1

7 of 13

4.3. Case 3. Type 1/ Zone C (MT] injury), Grade 2

A 21-year-old scrum half (BK) developed pain in the proximal posterior thigh while changing
direction to chase an opposing player. He returned to play after 10 weeks.

Figure 5. Case 3 MRI images: Conjoint tendon MTJ injury, Type L

4.4. Case 4. Type 11/ Zone C (Proximal MT] Tear), Grade 2

A 20-year-old center (BK) developed posterior thigh pain during a match while tackling an
opponent. He returned to play after three weeks.

Figure 6. Case 4 MRI images: BFLH proximal MTJ injury, Type II.

4.5. Case 5. Type 11/ Zone C (Proximal MT] Tear), Grade 3

A 20-year-old wing (BK) developed sharp pain accompanied by a snapping sensation while
accelerating from a low crouching position during a match. He returned to competition after nine
weeks.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 7. Case 5 MRI images: BFLH proximal MTJ injury, Type II.

4.6. Case 6. Type 111 / Zone E (Distal MT] tear), Grade 2

A 20-year-old center (BK) developed thigh pain while running with the ball during a match. He
returned to competition after six weeks.

Figure 8. Case 6 MRI images: ST distal MT]J injury, Type IIL

5. Discussion

This study found that in ST-BF complex injuries, Type I (conjoint tendon injury involving the
shared origin of the ST and BFLH) had a significantly longer RTP than the other injury types (Type
II and Type III) (Table 1). Significant differences were also observed between Type I and Type II
injuries in Zone C, the musculotendinous junction of the conjoint tendon (Table 2).

5.1. Anatomical and Biomechanical perspectives of the BE-ST complex

The conjoint tendon (CT) is a proximal tendinous structure shared at the ischial tuberosity by
the lateral hamstring, the long head of the biceps femoris (BFLH), and the medial hamstring, the
semitendinosus (ST) [12,13,26-28]. In addition, the semimembranosus (SM) attaches independently
in the same region [28-33]. Higashihara’s electromyographic study of 13 male sprinters revealed that
during the early stance of the acceleration sprint, the hip extension torque was significantly greater
than during the maximum-speed sprint, and the relative EMG activation of the BFlh muscle was
significantly higher than that of the ST muscle, furthermore during the late stance and terminal mid-
swing of maximum-speed sprint, the knee was more extended and a higher knee flexion moment
was observed compared to the acceleration sprint, and the ST muscle showed higher activation than
that of the BFIh. [17,34]. Ono reported, based on electromyography and muscle functional MRI, that
hip extension relies more on the BF and SM than on the ST [19]. During the terminal phase of sprinting
and change-of-direction movements (late swing to early ground contact), BFLH generates an external
rotation moment, whereas ST and SM generate internal rotation moments, creating opposing tensile
forces concentrated in the central portion of the CT [18,35]. These opposing forces may destabilize
tendon fiber realignment during the healing process, increasing the risk of scar formation and re-
rupture. These findings support our hypothesis that the CT, subjected to opposing traction forces
from its medial (ST) and lateral (BFLH) components, contributes to delayed healing and prolonged
time to return to competition.

5.2. Zone C (Proximal MT] Injury): Unilateral or Bilateral?

We investigated the frequency and recovery time of three injury patterns in Zone C, the
musculotendinous junction: unilateral BFLH injury, unilateral ST injury, and bilateral injury
involving both the BFLH and ST. In this study, there were no cases of unilateral ST injury in Zone C,
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and bilateral injuries resulted in longer recovery times than unilateral BFLH injuries. Pollock et al.
(2014) classified hamstring strain morphology into myofascial injuries, myotendinous injuries, and
intratendinous injuries of the BFLH [24]. This supports the notion that Type I injuries, being
intratendinous in nature, require a longer recovery period. He reported that intratendinous injuries
take the longest to heal because of poor blood supply and the characteristics of the extracellular
matrix [29]. This suggests that unilateral injuries correspond to myotendinous injuries, whereas
bilateral injuries correspond to intratendinous injuries. In other words, bilateral injuries at the
musculotendinous junction share the structural characteristic that tendon healing is prolonged.
Balius et al. [36] explained delayed tendon repair in terms of impaired ECM remodeling: the ECM
provides mechanical strength and elasticity to tendon tissue, and after injury it requires a long time
to synthesize and reorganize collagen types I and IIl. In particular, the ECM in tendons is
hypometabolic, and the rate of tendon repair is significantly slower than that of muscle fiber injury,
leading to delayed RTP [37].

5.3. Location of Conjoint Tendon Injury and Return to Play

How much difference in recovery time should be expected depending on the specific site of
injury within the proximal conjoint tendon, which serves as the shared origin for the medial (ST) and
lateral (BFLH) hamstrings? Although Zone A included only one case, the Grade 2 injury in this zone
required 20 weeks for RTP. This recovery time was clearly longer than that of injuries in Zones B and
C. In other words, injuries at the insertion of the conjoint tendon took significantly longer to recover
than injuries to the tendon substance itself. No clear difference was observed between Zones B and
C. This study found that even for musculotendinous junction injuries, when both the ST and BFLH
were involved, the recovery time was similar to that of Zone B injuries, which involve the free tendon
of the BFLH (Table 3). Askling (2007) [8] reported that BFLH injuries closer to the ischial tuberosity
required longer recovery times. Considering Zone C injuries as those involving either the BFLH alone
or both the BFLH and ST (N = 15), the mean RTP was 7.7 weeks, showing a pattern of Zone A > Zone
B > Zone C, consistent with the findings of the present study.

5.4. Injury Mechanism and Player’s Position

The injury mechanism in this study was predominantly muscle strain occurring during running,
with few stretch-type injuries involving the hamstrings, which are more likely to occur during actions
such as mauls. Regarding player position, injuries were more common among backs (positions 9-15)
than forwards (positions 1-8). These findings are consistent with previous reports by Askling [8,38].
These anatomical and physiological factors, together with previous findings, support the conclusion
that RTP following conjoint tendon injuries is prolonged.

5.5. Comparison With Previous Classifications and Novelty

Numerous classifications for hamstring injuries have been proposed. In the Munich Consensus
by Miiller-Wohlfahrt et al. (2013), injury morphology was divided into functional and structural
injuries, with structural injuries further classified in detail by site and extent [25]. The BAMIC
classification by Pollock et al. (2014) categorizes injury sites into myofascial, myotendinous, and
intratendinous types, and assigns a severity grade from 0 to 4 [24]. Although these existing
classifications have been useful and have contributed to the standardization of injury location and
severity, none specifically distinguishes injuries of the conjoint tendon (CT), which is shared by the
BFLH and ST.

To our knowledge, this is the first prospective study to identify full-layer CT injuries as a distinct
entity and to quantitatively demonstrate their significant impact on RTP in competitive athletes. In
this study, we focused on the ST-BF complex, which shares a proximal conjoint tendon, and classified
injuries into three categories: Type I, full-layer conjoint tendon tear involving both the BFLH and ST;
Type 11, BFLH-only injury; and Type III, ST-only injury. The key novelty of this classification is that

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.1958.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 November 2025 d0i:10.20944/preprints202511.1958.v1

10 of 13

it enables clear assessment of the presence or absence of conjoint tendon injury and provides clinically
relevant information directly related to RTP prediction. In particular, this study differs from previous
classifications in demonstrating that Type I injuries have a significantly longer RTP than the other
injury types.

6. Limitations

This study was conducted in a single cohort of university rugby players, and the sample size
was relatively small, particularly for Type III injuries, which limits the statistical power of between-
group comparisons. Further research is needed to determine whether these findings can be
generalized to athletes in other sports or competitive levels.

MRI examinations were performed using both 1.5- and 3.0-Tesla scanners, and although all scans
were interpreted by two experienced clinicians, differences in image resolution may have influenced
the detection of subtle intratendinous alterations. In addition, MRI was obtained within seven days
of injury, but the variation in imaging timing may have affected the assessment of edema,
hemorrhage, or early tendon discontinuity.

The classification of injury Type, Zone, and Grade was performed by experienced physicians;
however, inter-rater reliability was not formally assessed. Finally, RTP was defined as full return to
team training or match play, which may be influenced by team circumstances, coaching decisions,
and player position, rather than reflecting purely biological healing.

7. Conclusions

This prospective study demonstrates that full-layer conjoint tendon tears involving both the
BFLH and ST result in markedly prolonged RTP compared with isolated BFLH or ST injuries. By
distinguishing conjoint tendon injuries as a separate category within the BF-ST complex, this
classification provides clinically useful information for prognosis and RTP planning. Future studies
with larger and more diverse athletic populations are needed to validate this classification and clarify
RTP differences across injury Zones and severity grades.
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